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[(HZE] a6 NACHE#LR (CMR) FAEEERBAE IR SIS 58 42 A 2205748 (CTO ) B IhIR
TRIT e I A A D E I RE RO LN AR AL . ek A0 2015 4F 1 A & 2019 4F 12 A T REER KBS
— B2 Ak sk CTO IH-TFHAITRTIG 2 KSEAL CMR K i 13 . SRHI CVI42 5.10 SR . AL ER)
S FIIRES B A O DN AESEL, WRIRITHIE SIS 25 4% 13 FIEE 2 Ik CMR KA (14 [a] R a]
1 259~1 168 d, FHHIFRET Y (500.08+£228.34) do SiZ0ESHINE, BIT/E AL LEFFRAMNAR . 0= IR
BEAIN AT BIET TR, 2o.0 % R BOAT P IR [148.35 (141.70, 181.66 ) mL vs 140.08 ( 116.42, 170.90 ) mL .
77.78 (5241, 100.24 ) mL vs 56.07 (47.59, 89.93 ) mL. (113.67=16.81) gvs(127.14+22.99) g, P}¥]<0.05] , Hi4:
LB RESEAEIRIT R W ER B RGI2#E L (PY>0.05) . i DESEN S, BT R L EE KA
WA (RVEDV) | AOEWAHARZAR (RVESY) | AOEFE (RVM) WEIESTATHG K [ (144.52£25.14) mL
vs (118.46+28.08) mL. (71.51%14.59) mLvs (55.6241593) mL. (35.05+7.31) gvs (30.43+595) g,
P7<0.05] , fibESHMS4EC (RVEF) 4.0 E DRES UL A L0 NN AR S HTE IR YT G LR 22 R BG4 )
(P¥>0.05) . &#& TEIRITIERET IR, TRk CTO B A L EDIRES L RVEF Kt U A e,
{H£5¥9 5% RVEDV . RVESV & RVM HJ3K .
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Preliminary analysis of long-term right ventricular myocardial strain of coronary artery chronic total occlusion
after treatment by cardiac magnetic resonance

LI Xin', CHEN Hui', SONG Qing-wei', LIU Ai-lian', HUANG Rong-chong’, LI Xiao-fan®, LI Zhi-yong'"
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[ Abstract ] Objective To quantitatively evaluate the changes of right ventricular function and myocardial strain in
patients with coronary artery chronic total occlusion (CTO) during long-term follow-up after treatment by cardiac magnetic
resonance (CMR). Methods A total of 13 patients who were diagnosed as coronary artery CTO in The First Affiliated
Hospital of Dalian Medical University from Jan. 2015 to Dec. 2019 and completed CMR scanning before and after treatment
were enrolled. The left and right ventricular structural and functional parameters as well as right ventricular myocardial
strain parameters were measured by CVI42 5.10 software, and the differences of these parameters were analyzed before and
after treatment. Results The interval between 2 CMR examinations was 259 to 1 168 d in the patients, with an average
of (500.08 -228.34) d. In terms of left ventricular parameters, left ventricular end-diastolic volume and left ventricular
end-systolic volume were significantly increased after treatment, while left ventricular mass was significantly decreased
(148.35[141.70, 181.66] mL vs 140.08 [116.42, 170.90] mL, 77.78 [52.41, 100.24] mL vs 56.07 [47.59, 89.93] mL, [113.67+
16.81] gvs [127.14£22.99] g, all P<<0.05); and there were no significant differences in other left ventricular structural
or functional parameters before and after treatment (all #>0.05). In terms of right ventricular parameters, right ventricular
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end-diastolic volume (RVEDV), right ventricular end-systolic volume (RVESV), and right ventricular mass (RVM) were
significantly increased after treatment ( [ 144.524+25.14] mLvs [118.46+£28.08] mL, [71.51£14.59] mL vs [55.62+
15.93] mL, [35.05+7.31] gvs [30.43£5.95] g, all P<<0.05); and there were no significant differences in right

ventricular function parameters such as right ventricular ejection fraction (RVEF) or myocardial strain parameters (all 2>0.05).

Conclusion During long-term follow-up after treatment, the right ventricular functional parameter RVEF and myocardial

strain of coronary artery CTO patients are stable, while the structural parameters RVEDV, RVESV and RVM are increased.

[ Key words ]

myocardial strain

56 AR Bl ik 12 Pk ¢ 42 P %€ 9% 72 ( chronic total
occlusion, CTO ) &5 7bdR 0 kA5 i 56 4= 1) %€ H 1]
FEF A>3 A H B s, 5 B sk s ko
1 15%~30%, & Ktk 3l ik /- A ( percutaneous
coronary intervention, PCI ) J& A &1 5 iR 3l ik
iz | I EZ —, HEFTIRIK T ET CTO &
REAS M IlLiz FE R a5 AE TR L, (AR AT

PAEE, A% DIRE RS TS Hh ) L
ZRNRTE, O AV UEA O % D RERE RS 5% I 6l
(1R 1Y /7 e g 1 L M S 5 [
H2 U JIVREZE Bl ) BERAET 5 (9 S T (R 22
O WU 722 8 TA A AT A 0 3 5 I 43 45 ( right
ventricular ejection fraction, RVEF ) >k 7 i ez ke
OIESAE IR AE . O MEREIER ( cardiac magnetic
resonance, CMR ) FEIEEEH R ( feature tracking,
FT) FIFHHE T IEE, TCHREIMERIT S,
BRI 3RA5 NN AE S5k, HETC A B — L0580
(A7 0 3 O LIS S RS HEAT 104400 4, HR
TR Bk CTO B FIGIT e i A7 0 2= g Mt
LI AS () AR Ak S AT e i . ASWFFE R H CMR-FT &
PG EER Bk CTO & 72 IR YT I 2 19 fif 1 191 1)
70 Z YIRE S LN A ) A5 4k

1 TR %

11 s A dedE 2015 45 1 H 2 2019 4F 12 A
TR RN B 25— BE B O R T IR 2 ki
12 R R B Bk CTO 19 69 9] f &% (55 50 i)
Z1961) MBER. IARRHE: (1) IRI7HT AR
Bk A A s 1 38 1 S DL E AR 3 ki i
564 s, BIO WUBFE #7697 (thrombolysis in
myocardial infarction, TIMI ) 1E[a] fiLFRZ%HN 0 25
(2) EARBNIKPAIZERTTE >3 A H 5 (3) 3GITHT AR
J7 IR RV BT 41T CMR KAy, HEBRARIE: (1) CMR

cardiac magnetic resonance imaging; coronary artery chronic total occlusion; right ventricle;
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s =ik, (2) E3DHMNKELG =, O
WUEEFE SO o e AL O SO A BEIGYT;  (3) NYHA
DR AN, (4) A, B ALF
JEE SO RS RE RO BEAE s  (5) A T E A
O WE . SR A L L 56 R O W 45 5
(6) CMR B4 it i 22 5% W KR 70 1. A B 5T
o K% PR K 2= B A — B B fe B B 2 R L
(LCKY2015-22 ), Kt fii A E A M R EAS
12 B E 57 & A A4CTO B3 1 CMR
i A ¥ ok I HDxt 8 1.5 T # 4t 48 4% (32 H GE
Healthcare 23 F] ) 5B, ff HL.OME% I 8 38 18 AR 7
MRS BB, e FUFNIE I ] 45 T fil AR S 1 3
PO R AR HL S P8 58 AT A, AR E PR AT S
CMR #trifi. HHESE8: EEEEH 3.6 ms, [
B[]y 1.6 ms, B AR 50°, 47964 125 Hz,
72k 350 mm X 350 mm, HifGER 192X224, JZ]EH
10 mm, ZEFE 0 mm,
1.3 BRadrs Saan s AU OIS
K CVI42 5.10 2 44F (1% K Circle Cardiovascular
Imaging AW ) #ATEUR TG AERE, FE/e 035
P T R M AR I ST IR AR, DAL 3
JRHZ T BhamE . fAOE LN, IMERZ (3L
LU AR HEBRTE O NLZ AN ), 1R A2 L E R
7K K 1) A (1eft ventricular end-diastolic volume,
LVEDV) | fiLZEE AR ZH (right ventricular
end-diastolic volume, RVEDV ) | Z&ZFE A A I
1 (1eft ventricular end-systolic volume, LVESV )
A0 Z WA AR 25 B (right ventricular end-systolic
volume, RVESV) | 7.0 % & 4 iy ) £ (left
ventricular stroke volume, LVSV) | £ . = 4 #
iy H 4 (right ventricular stroke volume, RVSV) |
e U 38 143 %0 (1eft ventricular ejection fraction,
LVEF) . RVEF, 7 > % i 1} & ( left ventricular
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cardiac output, LVCO) . 4 .0 %= Hi & (right
ventricular cardiac output, RVCO) . >R, LELE
Jii & ( left ventricular mass, LVM ) Hl 45 .0 E &
(right ventricular mass, RVM ) . 7E U JiE .0, %
O 2 J 5 2 T AT ORI H e B T 3h A Ay
DEON IMNBERLL, 15 A0 5 BARARE 1) 1 AR
( global radial strain, GRS) . #&{AUSZE A2 ) 1 AR
& ( global systolic radial strain rate, GSRSR ) . Z&{k
EFokIIfE R AR ( global diastolic radial strain rate,
GDRSR ) . # {K [&] & B 2% ( global circumferential
strain, GCS) . & & Wi 47 301 5 J&) 17 722 %< ( global
systolic circumferential strain rate, GSCSR ) ., #&{K&EF
i3 [5 JE] v A5 K. ( global diastolic circumferential strain
rate, GDCSR) | #&{&ZA[a] i 4F ( global longitudinal
strain, GLS) . Z K W 45 # 9 m] )7 2% 3R ( global
systolic longitudinal strain rate, GSLSR ) Fll % £ &}
K 151 40 1] )37 728 & (global diastolic longitudinal strain
rate, GDLSR) .
1.4 %itsaz [ SPSS 22.0 b T4 #
. RIESS T EORLL x£s R, BIRS
WA wiiiieg a2 o WG R v Gl QO N 1115 . G ol L1175 Y2
) FoR. AOEONNAESBAE N M HlH—
HUMHE A MR H A A R %X (intraclass correlation
coefficient, ICC) il; 5&ARZh Ik CTO B & iRIT
HIIJS 2 X CMR A A5 4 45 000 % 25 A A1 fig 2
B AT 0 U U AR AU PR FHTC X ¢ 46 0 5

Wilcoxon £ 5 FkAGE: . KBGKifE (o) 4 0.05,
2 &% R

2.1 AR CTO BHEATA 69 il P 1E
TBITFHIG BN 52 2 Y CMR K2 (10 H 5 21 11,
Horpr 8 7] 5 B K CMR Ke s 6 AT 5 Akt £ i A
T3 5% 5 IR D IR D RERCR A, 2 13 H)
ARSI CTO B A4 .

13 Bk Bk CTO B35 10 fFilH:52 PCI S48

A, 3 BHEZIRSFEYNRYT . 13 BlEE B B,
EI R 36~79 %, PRI A (61.62£11.62) %
A BRI R 6 . L 10 1, A WK s
8 f4i. 2 Uk CMR fa A [alfgis ]2 259~1 168 d, ¥
[ pEE ] A (500,08 £228.34) d. BN, 10 4
2 PCUIRYT A 3 B L FZ O M AN RS
4, Hop 2 BRSO &, B TR bk
UL AR 1 BB R SE RIRETIRZY, R4
S K AE, EATER S G 2 UL AR ST AR AR N
13 BB E AR ME B A OB O HUHBEAES .
22 BHWEESEEMPAN ALK 130
32 CMR & A iy e AR 2l ik CTO & v, WRIT )
LVEDV k& LVESV ¥ 836 ¥7 /i 8 K (P=0.022,
0.002) , 1 LVM B8Y7RIFEAL (P=0.010) , F
WA BESEARIRIT RIS i 2E R T2
B (P¥>0.05) . WFEKI,

F1 BRIKEMTEAERTEFRTIELOEEMNINES KON

n=13

ZH ERARil] rE Eanich P{H
LVEDV/mL, M (O,, Oy) 140.08 (116.42, 170.90) 148.35 (141.70, 181.66) Z=2.630 0.022
LVESV/mL, M (Q,, O,) 56.07 (47.59, 89.93) 77.78 (52.41, 100.24) Z=3.830 0.002
LVSV/mL, x*s 74.76+16.13 77.65+17.15 t=0.456 0.656
LF/min ', M (Q,, Oy) 75.00 (73.00, 82.50) 75.00 (75.00, 78.50) Z=0.000 1.000
LVCO/(L*min "), x*s 571%+1.25 5.93+1.33 t=0.449 0.661
LVEF/%, x£s 53.41+12.94 49.43+15.19 t=—1.827 0.093
LVM/g, x+ts 127.14+22.99 113.67+16.81 t=—3.064 0.010

LVEDV : /&0 2 GF Ik R A FL LVESV s 28D IR AR AR LVSV e 28O S AR i LVCO s 8w g i e LVEF &2
D FETMAE; LVM: 220 BTt s M (O, Op): "TEECT DU 5, Do %),

23 BAWMEAECSEEM, HRBESIE T S
oA 13 (142 CMR &2 4 (SR 3l ik CTO ##%
h, ¥5J7 )5 RVEDV, RVESV. RVM ¥J43577 i
K (P¥)<0.05) , RVEF %470 E I RESHU A
WL WU AL SRR JG e S Tt 7

X (P¥>0.05) . WF2,

24 ACESIEERKGEN, A — KK
SHT TERITY 69 FEAR Bk CTO 35 h AL
5 46 BT O DUV S BN IN . 2H1E]—
HEIr . ICC K IR 45 ] 7R, B GSLSR Ay 2H [H]
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ICCTE (0.672) Rk, HASEMICCHY> N K 2 18] ICC {519 >0.89) .

0.75, A" GRS. GCS. GLS Hy—3 445l (1

R2 BRIPEMHEEAERTEEBTIHEALELEN. HEEROIMNETSEH ST
n=13
S NE g Mg ERaRich P{H

RVEDV/mL, x*s 118.46+28.08 144.52+25.14 t=3.506 0.004
RVESV/mL, x*s 55.62+15.93 71.51+14.59 t=8.259 <0.001
RVSV/mL, x*£s 62.85+16.75 73.01%+17.71 t=1.541 0.149
L /min~', M (O, Q) 75.00 (73.00, 82.50) 75.00 (75.00, 78.50) Z=0.000 1.000
RVCO/(L*min""), M (Q;, Op) 4.63 (4.22,5.56) 5.79 (4.36, 6.55) Z=1.446 0.174
RVEF/%, x*s 53.03+7.48 50.27+7.26 t=—1.070 0.306
RVM/g, xts 30.43+5.95 35.05+7.31 t=2.261 0.043
GRS/%, x*s 19.57+7.10 16.17+4.35 t=—1.801 0.097
GCS/%, x*s —11.91£4.07 —9.75+2.49 t=—2.049 0.063
GLS/%, x=Es —20.491+2.69 —19.88+7.21 t—=—0.384 0.701
GSRSR/s", xts 1.57£0.77 1.52+£0.40 t=—0.272 0.790
GSCSR/s", xts —1.02£0.49 —0.861+0.28 t=—1.216 0.247
GSLSR/s™", M (O, Ov) —1.32(—122, —1.51) —1.34(—1.00, —1.88)  Z=—0.143 0.889
GDRSlUsﬂ, x*s —0.94+0.37 —0.86+0.27 t=—0.750 0.468
GDCSlUs”,iis 0.57£0.20 0.55+0.18 t=—0.381 0.710
GDLSNS", x*ts 1.12+0.29 1.17£0.41 t=0.388 0.705

RVEDV: fi:0 &K AR AT RVESV A7 O B IR A AT RVSV o A7 0 & R4 HH i s RVCO A7 0 & fi i it RVEF
A0 2 B RVM: A7 0 % TR ; GRS BRI A (0] 0 ZF 5 GC'S « 3R 5 JE W AF s GLS « AR 2 i) )i 2F 5 GSRSR + 34 A 455 11 4% 1)
VAR s GSCSR : (A 4 101 152 J1 13 75 38 ; GSLSR : B A HAZA [1] )3 75 %€ ; GDR SR : BT 5K 42 [1] )i 5 %6 ; GDCSR : 2L A AT
KD Ji] 137 72 48 s GDLSR : BEARET SR I ] A2 325 M (Q,, Q) s AR C R I8k, B DU o3 fi%50).

CMR T UESE ] LIRS o e E 5 M M A0
WUEZEFI CTO B i A0 Ihe ™ L BB
WA, A0 ZE X CTO A& O WL il 1) 105 1
R AZ B G O WU AR S — N BEAE FE A AR
KATBOO NIRRT O, e U AR IR S 46 R,
Z IS8 UE BIEVF 29599 1 H B RVEF 452 450E
W, BEMAOE I EC LR ENRA, GLS
SRR AU . ISl R AR T AN L)
P %

H 1l & TR 8 ik CTO #2470 28 S RERY T
T2 J AL, Ozkan 251 A e R
iz AR A B R AR PCIARIG 1d. R)F 1~
3 A BIA O EIN RS I FISE, van Diemen 45
Xt 54 47 ek s ik CTO H & 47 PCI AR J5 CMR Fifi
i, H CMR Al Fg i a2 A 99 (92, 105) d.
T ASIE 28 %5 56 IR 3 ik CTO H % 4T CMR B 15 W
22, BEVIE AR, ZATEEY 259~1 168 d, V1
AT A (500.084+228.34) d, MRk, BT
FEAEF BT RE R RAR AT U AT o

AWFFEUELE] CTO B PCIAR)E 6. 12 1 HBT
LVEF A 3%, 1Ak PCLAERS B CTO M & 42 & 0

ifE. e OLER T L AR, 13 4 CTO
HBEVAYT G LVEDV K LVESV Y06 7RG K, B
LVEF A &4 Bl fk, SRIWIE A i i i 2O 3 45
PRI R 4 8 A — SRR, (RAE O D RE
FERE, X AT BEE th FAEAS S R 22, AR
CTO BHTRIT G M TR EAR A ISR

ARWFFEAENS AR BNk CTO H# 470 454 5
e 4 B b, WX E| RVEDV, RVESV K RVM
YIRR TR R, PR CTO 5B A L EY K,
{HIARYF RS RVEF 4702 45 W AR S 504 6 I A8
o X —Z5 R RSPk CTO BEH A LEY)
RENTAEVRTT IR B B R AR AR, Aaidt— &
A I AR

ARG EAR S ik CTO M A7 i A
L2 2] fg 0 LI 725 15 0 -5 B0k 1 e 01 I s %) F 9 245
R[], Ozkan 2™ %t 41 i) 45 54k 3 Bk CTO £
FHitfrE AR, RE1d &1 AHAA0%E GLS,
GSLSR #8hn [ Ruir. AJ5 1d &ASE 14~H GLS
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