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Evaluation on changes of left atrial function after coronary artery
bypass grafting using two-dimensional speckle tracking
imaging and real-time three-dimensional

echocardiography
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(1. Department of Ultrasound, 2. Department of Cardiac Surgery, the Second
Hospital of Dalian Medical Universitys Dalian 116027, China)

[Abstract] Objective To evaluate changes of left atrial function after coronary artery bypass grafting (CABG) with two-
dimensional speckle tracking imaging (2D-STI) and real-time three-dimensional echocardiography (RT-3DE). Methods
Totally 30 patients with multivessel coronary artery disease treated with CABG (CABG group) and 30 healthy volunteers
(control group) were enrolled. 2D-STT was used to measure the left atrial strain curve, i. e. left atrial reserve strain (es),
conduit strain (ee) and contraction strain (ea) in control group and CABG group before operation, as well as 1 month and
3 months after operation. RT-3DE was used to measure maximum left atrium volume (LAV,.), minimum left atrial
volume (LAV.,), pre-systolic left atrial volume (LLAVp), left atrial passive ejection fraction (LAPEF) and active ejection
fraction (LAAEF). Correlation analysis was performed between the ratio of left atrial strain, volume change and difference
value of peak mitral flow velocity (E)/mitral annular peak velocity (¢) 3 months after CABG and pre-operation (AE/¢) .
Results ea and LAAEF showed no significant difference among CABG group before operation, 1 month, 3 months after
operation and the control group (both P>>0.05), whereas es, ees LAVyus LAV, LAV, and LAPEF were statistically
significant (all P<Z0. 05). Compared with control group, before CABG, es, ee and LAPEF decreased, LAV .x. LAV, and
LAV, increased (all P<C0.05), while compared with those before operation, es, ee and LAPEF increased, LAV
LAV, and LAV, decreased 1 month and 3 months after operation (all P<C0.05), the differences of es, ees LAV
LAV.in» LAV, and LAPEF were statistically significant between 3 months and 1 month after operation (all P<C0. 05). The
rate of changes of LAV, » LAV, LAV, in CABG group 3 months after operation was positively correlated with AE/e(r
=0.608, 0.631, 0.587, all P<<0.01), while of left atrium es, ee was negatively correlated with AE/e’ (+=—0.615, —
0.637, all P<<0.01). Conclusion 2D-STI and RT-3DE can dynamically evaluate the left atrium function before and after
CABG, and have certain value in evaluating the improvement of myocardial function and prognosis after CABG.
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R INREAEAL . ik W IN £ 3RS O A 52 CABG JAYT Y 30 1l f 3 (CABG 41) Ml 30 44 filt B i JE 3 (% 1
41) R 2D-STT I &t %) B2 B2 CABG AT RARJE 14 H ARG 34 780 5 B AR [ 2k 345 76 .0 i il % B8 (es) VB
T N AR Cee) IR 46 B AF (ea) s R I RT-3DE W it 58 35 72 0 B e KA B (LA Vi) « 30 /D 2 BUCLA Vo) F1IR 4 725 TR
LAV, P840 55 8 sh 33 120 B0 (LAPER) A 8 5t 1M 7 80U (LAAEF) . X CABG Z2.0 5 MR R FEREMEESRE 3
A H B ARBTEF R E e/ IR IR AT Ik B 5 258 (AE/ ) AT AR EPE 200, B8 CABG AARB AF 1 MH AR
J5 3 MH S5X R4 ea LAAEF MK % RIS 2 SL(P #>>0.05) 5es,6e. LAV L LAV, LAV, \LAPEF i fk 2% 51y
Y2 L (P #<C0. 05) ,CABG 4 RAij es.ee . LAPEF %4 FB4H FFE . LAV, LAV LAV EXFRHBE ARG 14
A .34 A es.ee, LAPEF 8 AR BT 55 LAV s LAV JLAV, B R BT FEAR (P 5 <C0.05) , RJE 3 M A5 1 A H es.ee,
LAV LAV LAV, .LAPEF 2 5 ¥4 8312 5 X (P ¥<C0.05), CABG HAJG 3 M LAV LAV #l LAV, 254k
K5 AE/eRIEH & (r=0.608,0.631,0.587, P ¥ <C0.01), £ 5 es.ee BB EE AE/ ¥ M K (r=—0.615,

—0.637,P#<C0.01), #i& 2D-STI M RT-3DE fl sh#& 1M CABG HiJ& £ 0 5 U ie 22 1k, XA, CABG R J5 B & 0L

DI BE B 0L L BUR BA —E M E .

(R R TA 0 5 DI RE L 22 s BE A58 B U s B 0 Sl IC AR

[FE4EKS] R543.31; R540.45 [CERFRIDAET A

55 R Bl ik s BE AT Ak P O BE R (coronary heart
disease, CHD) & R FIAL T FZAFEE I, 5 iR 30 ik
22 I A A (coronary artery bypass grafting, CABG)
JERYT CHD W EZ I ik 2 —  JU X T 2 308 R 3
oo 78 B e F T 28 AR L RE R R AE R BRI AE TR
HRTHFFE Y K £ 56 CABG RG220 A8 1k . i
OIS OEINREFRR, 2.0 B U iE HERE
FrU B &P S EARETE NS e O i HZESESR IR
O DIRE TS T EAT AR L A5 20 By T AR H 45 52 3
A, AR BF 5T LD T4E BE B B R Ctwo-
dimensional speckle tracking imaging, 2D-STD) il &
ZE O B AR DL B = 4 #7503 B (real-time three-
dimensional echocardiography, RT-3DE) ll & 20> 5
BRI CABG RJ5 2.0 e ny 221k .

1 #REFE

L1 —fgwekk s 2017 45 2 2018 4 5 A F
F B2 CABG ¥AIT 1Y 30 Bl CHD 3% (CABG 41,
5519 B, 4 11 Bl 4RI 51~63 %, FH)(56.545.2)
2. I AFBRHE QAT Z R 3h Ik 3 5 E 5L £ 50E
AR B ok A 26 il B S A0 L S AE 70 60 LA b BZE
TR 500 L s OF MO, HEBR R E: O & i
JE BE RS 2 s @ H REC IR IR R 5 O 58 KAk O i
g o[RBT A 0% L I VC T Y 30 44 fat S i St 2 kg Xt
ML 18 74 & 12 44 Al 48~61 % 71 (53. 3+
4.D% B REE O, HE 2 IR A AR ER
A HE RO 45 90 K JFE At 52 e 0 D) BB B 4 B MR
AR AR B AC P2 G s, 52 i3 S T TR 2
1.2 Y5774 KA Philips Epiq 7C % Z 3% #) #
FZWHL X5-1 36 % 1~5 MHz, it % Qlab10. 5
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AL BTk 0. % CABG Al & TR\ L AJF 14
A3 A H T e kA

L2.1 WHESELEhEE  #IIRET Bzl E
ZeMEh, WA OB S B, T S5 A0 E KA
T & 220 B 1 J #2 (left atrial diameter, LAD), 2k
FH 4 X1 Simpson 345l 1 2 0 % 7 5K R B 45 1
(left ventricular end-diastolic volume, LVEDV),
D I 45 R B &5 B (left ventricular end-systolic
volume, LVESV) DL J 7 0 % 4 1l 70 30 Cleft
ventricular ejection fraction, LVEF), U fik ol £ 3 &
TRV ODI T R IEER T 29 1 em Abi 5k =R
b Nk TR AU g QU I O N A 1 9 1R AN
Yl 2 20 21 2238 By A =, 0 B — AR e I BR 67 ok L ) e
W E E/A R E/¢ JFIFRARE 3 A 5K E/¢e
M ZMH(AE/€)

1.2.2 2D-STTU At A7 b o0 2R DU Jl L 44 s V1) 1 32
g3 AL AR E A . R Qlablo. 5 #AF. Tk
DO PR O IR P 3B B A 0 o A IR 6 B2 I T Bl )
B LA I BRGA BE . HAE0 Br BESY Ry 6 AT B
A A AN B AR il 2L ORI ME . LA
AP SRR RO Q ) N 27 il A0 3 R I A
O 5 NS 181 O TE AL, 2 A WA 17 722 93 Sl X 17 i 8 1o 28
Ces) LA BLAE Cea) o — 3 1 22 {H o4 4 3 B (ee) s
ARG 260 55 W AR AR AR Z o0 B BLAZ B A 38 = OR
J& 3 A 250 5 BLAE — AR A2 0 D3 AR ) /AR 2840 B
[ AE X100 %,

1.2.3 RT-3DE 04 U 0 ) 1 98 8 4R Sk 74
J5 1] 5 14 15 R/ I 2 e A R DD 2 = 4R,
e E R EA L RERGHREIL T . TOARMUE .,
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PRI 0 MR B B 0 s O BB TR 1) 5 A SR AR A, B
2 A A 11 (] o 000 B | T LTS BE K AR B IO, 4 i) T
e BT K AR I R A R R o A ) T A
O A BSE A IR o A S I T S ] R A LA 5 S B P M
BAF | Bl A A O B g BRI ] Z6 (volume-time
curve, VTC), K15 & K722 .0 5 & B (maximum left
atrial volume, LAV,.) 8 /N2E D A (minimum
left atrial volume, LAV .) R4 H 22 0 7 5 A (pre-
systolic left atrial volume, LAV,), 8.0 FH#3)
S o % Cleft
LAPEF) . Z£ 0> J5 F 8l 4F 1 53 % (left atrial active
ejection fraction, LAAEF) Fl /2 0> Br & LA 4k &K,
LAPEF = (LAV,.. — LAV,)/LAV,.. X 100%;
LAAEF=(LAV,—LAV,...)/LAV,., X100%; Z£ L b5
BB =ORJE 3 DA 280 5 8 R — RO B
BB/ ARBGLE L AR X100%,
1.3 Gt 8t R SPSS 22.0 G834 B 8 44
IHRERLL 2+ s R, ZAHR LR HBRHE R =
AT P R ] LSD ¥, CABG 41 5 %) B 4 8] 4
W4 LU AR FH P A ST REAS ¢ G, M) R T o K
Ph Pearson AT & PEAI G 3 M. P<<0.05 W ERA
GiilrE L,
2 g7

CABG 45 % B 4E i (1= 0. 914, P=0. 324) ,
PEA (y* =0. 693, P=0. 405) ZF ¥ LG 2# 8 .
2.1 WM A S CABG AARM . AF 14
H ARG 34~ H 5% 4] LVEDV,LVESV . LVEF .E,
AE/A Bk 2SI 8 X (P ¥>0.05,3&

atrial passive ejection fraction,

D LAD E/e Bk 22 %A it 23 L (P #<C0.05),
CABG AR LAD E/ e X B TH i (P #1<<0. 05)
ARJG 1A 3 AABAFFEMR P $#<0.05), KRG 3
AR 1A A BEIRCP <0, 05), Wk 1,
2.2 CABG RJFZ 0 A2 R 28 4k CABG
HARAG A/ 1 AHRF 3 DA 5 A E ea,
LAAEF Sk 22 R G158 X (P ¥>>0.05) ses. ce,
LAV, - LAV, LAV, . LAPEF K 2% 5 ¥ 45 it
S L (P <20, 05) ,CABG 40 ARHif es.ce . LAPEF #
XA T R LAV e J LAV i LAV 50X BR A 38 55 (P
¥)<<0. 05 ARG 14 H .3 T H es.ee . LAPEF ERH
B LAV s LAV, LAV, 8 R B B AR (P 1 <
0.0, RJjF 3 TMHEARE 1 MH esiee. LAV
LAV, LAV, .LAPEF 25 ¥H 4t it# 8 L (P <
0.05); WLk 2.3 fIlE 1,
2.3 MXMESH  CABG HAF LAV, LAV, fl
LAV, L3 5 AE/e 5 IF M & (r=0.608,0. 631,
0.587, P #<C0.01), ZE > b es.ee ARG AE/eH
BEHAMFE(r=—0.615,—0.637, P #<0.01).
3 itig

2o B AEEEAS B A W B 2R O Re AR 2O
E R W 7R I e N i S B = 1
LY L T A0 2 Y AT, 7E BT 9k W I R B A T RE .
20 s RE I LU, P 4, A 2000 2 WA 48 T B 7k 20
et QUR R IEAE I QUAR SN R RN (SRS A

FEULRE W FE 0 W B AR O B R R
Y 220 By 25 BRI Ty g i A8 R LA T O 5 B Bl L A v R
O 7 FE R A 2 Bt A4S R0 & AR,

# 1 CABG HFARATE 55X A H MBS SR (£ s, n=30)
205 LAD(mm) LVEDV (ml) LVESV(mD LVEF(%) E(m/s)
CABG 4
AT 45,5945, 23" 105. 01420. 05 51.59+24. 32 57.6149.51 0.61+0.17
AKJg14H 40.1243.217 102. 11419. 25 50.03+17.05 58.41+8.75 0.64+0.13
A 34H 35.28+3.68%¢ 100.91+18. 89 48.96+18.57 60.0847. 46 0.704+0. 22
X B 20 32,2544, 51 98.38+18.58 45.31+15. 81 62.29+8.12 0.7340. 11
F1H 150. 394 14. 060 7.078 6.176 13. 846
P <<0.001 0. 339 0. 601 0. 746 0. 419
24 51 A(m/s) E/A ¢(em/s) E/¢
CABG 4
PNl 0.7640.19 1.0420. 39 6. 4344, 21 12.3643. 41
FNERENSE 0.64+0. 22 1.1440. 35 8.41+3.32 11.1842.46%
AJg 34 H 0.5840. 31 1.21+0.21 9.05+3.15 9.98+2, 31%%
xif AR 21 0.7540. 15 1.0520. 42 9.5742. 89 7.1243.12
F1H 7.589 16. 289 8. 647 118. 706
P14 0. 670 0.115 0.588 0. 009

HFox HXF IR A, P<<0.05; £ .5 CABG 4ARRTH# . P<<0. 05; 8.5 CABG ARG 1 4~ H i, P<<0. 05
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# 2 CABG A FARATE 53 A A0 BN AESEHE (x+ 5. n=30)

250 es

€a €e

CABG 41

AT 21.7246.71" 8.61+3.79 14.214+4. 23"

KE14H 23.616. 927 8.8743.94 18.1343.567

KJg 34~ H 26.02+7.31%¢% 9.0242.58 21.7243.23%%
Hof i 41 39.8144.38 13. 3243, 31 23.6143.91
Fii 188. 005 76. 171 210. 785
P{E <20. 001 0.743 <20. 001

Hox HXFIRA R, P<<0.05; £ .5 CABG AR HL# . P<<0. 05; 8.5 CABG ARG 1 4~ H i, P<<0. 05

%3 CABG A T ARHIF 5 x5 B 70 b B R S 73 B 3 C 2 £ 5, n=30)

2 51 LAV ax (mD) LAV i (mD) LAV, (mD LAPEF(%) LAAEF(%)
CABG 41
AT 54.14+3.31" 27.7842.04" 33.774+2.61" 40.09+4. 21" 29. 2245, 41
AE14H 49,3942, 547 23.6143.787 28.71+4.897 44.22+3.56% 28.43+3.12
KJg 34 H 44,5841, 29%% 18.7141.09%% 25,7444, 01%% 51.03%1.56%¢ 28,1944, 09
xif 2l 35.2843.23 13.8243.59 21.6745.32 52.1344.23 28,7647, 32
F 1 104. 751 89. 776 154. 075 133. 066 15. 074
P1H <<0.001 <<0. 001 <<0. 001 <<0.001 0. 754

Hox SXF A R, P<0.05; # .5 CABG AR H# . P<<0. 0558 .5 CABG ARG 1 4~ H A, P<<0.05

1 B#PB.56 4 ,2D-STI F R MY PIA G R AL A AR BARFE1MH; CARE3IANH

CABG J& CHD WA RE 97 I ik Z —, s 4R 3 ik
1S KA SR T CABG Jr 80 m0 4 bR i, (H L 41
Fi A, HE L h KA TJCA ., AT E R, 2O T
CABG A5 0 Dy EZE AL 0% F 7 5. Lee 2507 430 42
D E R TIE R R IAE Te = w R B, )2 CHD
FEE O LR I ) U A . R B D E R BRI L A
iU g R T B 2 388 0, 0 7 M sk AV, & A= i ) AN g BE EE
FLsl . CABG b Bl ofi o0 JULEE 28 1M 328 30 5 L A K &
AR O WURR 00 UK &2 Ak il Je TR, A2 DB SR BLE T
R, R T A 22 0 B AR I RET . H k. CABG R
Ja2e 0 B U RE AL S FARIT R TSR B IA G . 4
3 4L 2D-STT i CABG AR5 5 & L 5 Bi 5
A0 P AR A, R BLLAR T ARG B E S B SR ]
i 2 PEAL 220 B D Re A R S I R RE AT .

2D-STT A] 7ERE A L 2y J&] 30 I 2t 4% B0 A 2200 55 B
AR AE AR AL, BCRE VE AN ZE 0 B i A B IE RN IR 4R
REL1) . AT R I CABG 4R es.ee BAT LT

B ARJE 1A H 03 A H BRI & . 3878 AR T4 0 s
fiti 25 VEETIEE TR CHD B LD E A ath 52 1, &F
ke I 20 B IR U ) 200 B 0 3K Bl R R, il A2 0
Fr 4 T RE N B 5 20 0 % F0 8 T i S 3 A O B
PESZ 30, (o FL A% A% D) BE TR B AR 5 i i AP BT R LA RHA
TR 20 0 & e s 200 D A5 BRI T e L T i A2
O EAHES . CABG RJG . HiZ 0 FRE LR,
20 by DI RE H AR 0 5 L A0 B Al A B T ) BE O T 1Y
9 L es . ee BORATHY & .

AWFFEH CABG AARA W ASE 1A RE 3 AH
XTI ea BR2E R G 2E B, SRS SR
ER CHD B & 0B R & A I A .,
Ramkumar 25 38 1 220 b FE DhREph A7 T 42 O = DI fig,
T AR T A A2 0 B D) RE AR, BT RE A2 W AE O Dy
PERGISZ I . CABG (825 O By L I 5 35000 F BE 45 4k
b, 220 b FE SR IIREZ B, AR5 B2 0 % 7o R BEA
Felo i B BEAR W] BAK K, i ea T RHTE LB #H
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ER,

5 Y 0 3 A EE, RT-3DE A KT 0 i
JUAR B AR B o RO A8 220 s F A S5 A5 0 IR AT &
167 E B VR AG 22 0 s A5 B CHD B3 220 i 38K
SR A0 % FE B T UM OGRS Bl O L
IR ek 200 3 FE B R T B L A0 o e ) oA 3
L BB /N, LAPEF 5 2.0 b 45 18 ) AE %5
PIF . A58 B R J5 LAPEF Jt & . i LAAEF
52D BERDREMES  FARMG LR EER.

AL R BR CABG B E KRG LAV, . ee 48
5 AE/eM% (r=0.631,—0.637), LAV, . TEA
DEFFRARIAM 0B RETAOERBMET AT
LU W AE B, L LAV, 7E 47 5K S BE A 4 L
N TSR TSR i NS S I N 1 1 S A o |
LAV v A T 5714 O 2R s R BT LAV i 0] SO ZE L
ERPICIIREM O I BE R AR fb . 220 TR i R DI RE S
e i KN R A7 5 22 Ir BT RE 2 2 0 &
P Bt A RGP R O B R R A D B R R
K%, b B R 22 3 K 22 O A WA R 35, 220 5 45 1
IRe ek 3 i 5 PR ee ZBfL RS AE/ M MR R .

B 5T By R B M AL X CABG H 3 47 % W Bl
Vi W1 LB 720 o 25 BURN T 8 A9 A8 Ak s BEAR /N L T
17 808 B T AR E— L K WIRE DT . eAh, H
X 0 U i L AR (14 328 B 35 S 26 1 2 0 38 FF K ) g A48 K
P B = X8 200 o7 7R BRI ECG SR B M EHR 4
B 58— e

M Z, 2D-STI fl RT-3DE ] 4> 1f . # i 37 #r
CABG AR5 7.0 r P RE 224k A ZOF Al CABG 3%
FARIF G .

[ 5% 30k ]
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