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(FEE] a« NHBASOSEREN GRS (atrial septal defect, ASD ) & I:Mlishfiki & ( pulmonary hypertension,
PH) BEFEN ATERTIEZOCE L DIREMAE . Fek  BEHE 201548 9 H %= 2016 4 1 AFEE B R 2=E il 2= Be gk
T AEIEARN ASD 235 57 6, 738 PHA Mnon-PHAL . TR 1d. ARJF 1 dFIARJG 1~6 A~ AXT B E BT O3l &
. JIEPE 20 FfdERE AAE R XTRR, R TomTec #4-Hr = 4E 220 38R ) 16 9 BeAm 48 (longitudinal strain, LS) o

% PHAIL 274, non-PHZHFL 30 1], FELOIRA R, M ASD 4L EH A7 D LA ThRE, AUHE = ISR ZE I A2 ( tricuspid
annular plane systolic excursion, TAPSE ) Fl=JHIHH LMz shi i (S”) BT RN (P<<0.05) . ASD BEARG
1 d A7 NI IREREAR (P<<0.05) , ARJF 1~6 DH/NE T, (HARWE ZARFTK Y. non-PHAHBEARG 1d K 1~
6 ™NH 2B LS 1/ (P<<0.05) ;3 PHAIAJS 1d 28028 YN RN AE ( global longitudinal strain, GLS ) nﬂzxj (P<
0.05) , FEOMILJEHALEPBLLS WD, LARE LS TR, KI5 1~6 MAZLOE GLS AiES. 44 Tith
JEPH 57, ASD BHEHIEARFI I DE I EIZ ), ARG, GJF PHI ASD ARG 14, A0
= GLS J/hy, BABEZES .
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Echocardiographic evaluation of left ventricular longitudinal systolic function in patients with atrial septal defect
and pulmonary hypertension before and after interventional occlusion

ZUO Wu-xu">’, WU Yuan-feng'>*, LI Quan"*’, CHEN Dan-dan>*, DONG Li-li"**", KONG De-hong"**", PAN Cui-zhen'?”,
SHU Xian-hong"***
1. Department of Echocardiography, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Shanghai Institute of Medical Imaging, Shanghai 200032, China
3. Shanghai Institute of Cardiovascular Diseases, Shanghai 200032, China
4. Department of Cardiology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
[ Abstract ] Objective To investigate the dynamic changes of left ventricular longitudinal systolic function in patients
with atrial septal defect (ASD) and pulmonary hypertension (PH) before and after interventional occlusion using echocardiography.

Methods A total of 57 patients undergoing interventional occlusion in Zhongshan Hospital, Fudan University from September
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2015 to January 2016 were enrolled. Patients were divided into PH group and non-PH group. Echocardiographic examinations were
performed for all subjects one day before, one day after and 1-6 months after the interventional occlusion. Twenty healthy individuals
were included as a control group. Global and regional longitudinal strain (LS) of the left ventricle were analyzed using TomTec
software. Results There were 27 patients in the PH group and 30 patients in the non-PH group. At baseline, tricuspid annular plane
systolic excursion (TAPSE) and tissue Doppler velocity of tricuspid annulus S’ in both the PH and non-PH groups were higher than
those in the control group (£<<0.05). Longitudinal systolic function of the right ventricle decreased significantly on the first day
after occlusion (P<<0.05), and slightly increased 1-6 months after occlusion. Patients in the non-PH group showed a decreased LS
in a small portion of the left ventricular segments 1 d and 1-6 months after occlusion (P<<0.05); patients in the PH group showed
a decreased left ventricular global longitudinal strain (GLS) on the first day after occlusion (P<<0.05), primarily was in the basal

and middle parts of the ventricle (P<<0.05), without significant change in the apical part, and the LS of the left ventricle tended to

increase 1-6 months after occlusion. Conclusions  With or without PH, longitudinal movement of the right ventricle in ASD patient

is excessive before occlusion, and gradually improves after occlusion. Left ventricular GLS decreases in ASD patients with PH, with

segmental differences 1 day after occlusion.

[Key Words | echocardiography; left ventricular function; three-dimensional longitudinal strain; atrial septal defect;

pulmonary hypertension

FHla|FEHRAR (atrial septal defect, ASD ) J&fHr
DL SR OERS 2 —, TE23KE: 1 000 842 )L
A 1.6 4, Hh gk kL2 5 75% o X T4k
RALELASD, HIEMIRST T AN & R E N A B
AR BEEE AT SIS UESE, ASD B /2
OEMIIRE, AR EZOEDRE S R,
ASD BE L LEIREZ N R FEEELOE
RFEGFI (FREARL) |« O EHFEIREZ
Paal e Ui ) DA N = e = 1 P2 2 A = S 1
& HHi#F WL OC T ASD & JFilih ks & ( pulmonary
hypertension, PH) 8 2.0 DBERIHSE .

= HEDE RGE B R — R LG L) RE E
PEARHR, 038 RO LIRS B SR =42 [B] 1 o7
E AR AHERR PP O VB SRR T o ASBIF SR AN ] =
Y7o oz Y] BTN 4k K FLEL ASD 5 PH
BETEN AEHIEARF S 22068, mitE—20
i KW AR TS %

1 ARSI

L1 —A& 7 FEPEY A 2015 4F 9 H & 2016
A1 ATER BRZ WS Al B B i 2 A A B AR
() 57 ) 4k K FL B ASD &, A dkdndE: (1)

VNGIEZY ISRy =8 NS | SR ROY e ¥, e g P
ASD;  (2) B4 FREAT, 7T ULIs T .0 PN RS 24 ;
(3) RJa 1~6 I H TABE #1724 Ml 75 .0 3l K
BtV HEBRARE: (1) FA4F D Bai & R a0
BARE s (2) W TR I8 PH M AS AT 0 i 22,

BIfH.CoNEmTTAS B2 0E, MR AT S i Tt &
&, SCHERRE R PH; (3) A FFmiiE ., s
O WU SE B 22 O 3O U AR 5 5 (4)
AFE i A T B A8 1 L S e ity 5 s 25 5% Wi fik 50 ok
TIPSR (5) A1 HAL T 28 1 0y O IR
ABIFFEART PR Befe B2 51 241t (B2021-036)
BEAE R BT A B S R E 15 .

1.2 WEIEAR A F % fifi J Philips 2 & iE33 AU
R B AL, B RSk S5-1 (HR 1~5
MHz ) Fl =4k X5-1 (Bl 2~4 MHz ) . A
HEBETEFIEART 1d, RF1dFARE 1~61H,
T RS T A MIEM 232 88 75 0 s K R A

121 Z#%#7F FHS-1Hk, FOoRNE
) & A2 o0 = EF 5K R B A2 (left ventricular
end-diastolic diameter, LVEDD ) . 7 0> & W 4q
KW N 48 (left ventricular end-systolic diameter,
LVESD ) . fibZE &AM NI (right ventricular
end-diastolic diameter, RVEDD ) | #7:L»% I 46 A
H M 4% (right ventricular end-systolic diameter,
RVESD ) . —JERIa W14 ( tricuspid annular
plane systolic excursion, TAPSE ) il = 22 ¥ 4
R LB (S) o FBRORHTZ M8 5.0
o) RTI0 A5 19— 2 R R S I 7 % ( peak tricuspid
i ) :
PTRV<2.8 m/s A non-PH 41, PTRV=2.8 m/s i
PH 4l Jili 2l Bk Y& 4 [ ( pulmonary artery systolic
pressure, PASP ) =4 (PTRV ) *+ £ &, Hrb A

regurgitation velocity, PTRV )
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D FEARYE T e ik N AR B SR R Al T
122 =Z#%#87F (HHXS-143k, BETHRYEE:
FREOLT, FEORMEYIE L, I ERIRE
G2, JF0E B E R FERR RN, R R, DMRIE
Oy FERE P IS P T T S B AR R %
BRI, 20 s B 3hfil & R4 4 S HHER Y
15° X 60°75 f “HUREHL” SRS, TEAL 60° X 60°
MITEM “ T R =R E
JHHL#S BC B 19 TomTec #1143 17 — 4k KI5 43
Mr: BRI AR = e G T IR L e, K
EUGIEE R 3 A1, 405 B R 220 2 AR DU i
L, A O R T s R 5[] B ) A O AR I A S
VA T DA A S AR A i 1, b = BIB . Rl
BEOMEE . RBE QMRS FAL Koot At
A% HR AR A2 s Xh O AT A Shifi, (R0 F5)
P A R RO NI e s Ao e ZOf A2
ORI R 16 AT, FHARAS A1 B A 1 1y
75 (longitudinal strain, LS) {4, LAIAHRE . HAK
Az shth g =UoR (B 1) .

- =
B 1 TomTec B = A DEMNE NI

1.3 %itseas® R SPSS 22.0 B35 4047 -
EAMITHERI 45 PR, 3 4HIE] R
W=7 22508, PR L3R H Bonferroni 5 ;
A G IER AT TR GERILL M(Pos, Pys) R, —
2H 6] A5 % JH Kruskal-Wallis #5356, A 36KHE (a)
4 0.05,

2 # R

21 ABHF—RALEZTH 57THBEED,
PH A 27 ], 55k 4 . Zo 23 4, F 35 4 i
(46.7%£13.1) %; non-PH #1 30 i, ¥ 11 4.
2 19 ], SEHAERE (36.5+112.6) %, XFHR4] 20
B, B . Ltk 12 6, FHFRE (36.44+11.3)
%, g5F (£ 1) Ts: PHZ ASD B FHE KT
non-PH 2 ( P=0.005) ; P ASD ZH PASP = T-Xf i#
2, PH 41 PASP /5 F non-PH# (P<<0.05) ;
ASD 21 RVEDD, RVESD KFXf &4 ( P<0.05) ;
W ASD HAT.0EYmMEs) (TAPSE, S ) KX
B4 (P<<0.05) .

22 non-PHAEHFRIE L, HCEMRFELK
s 25 (R 2) Won: 5ARFTHLL, non-PH 4
BEARIE 1 dM 1~6 1 PASP T (P<<0.05) ;
ARIa 1~6 M HALER/N (P<0.05) 5 Afg 1d1
TAPSE Fll =RI3F S” W/ (P<<0.05) , RJ5 1~6
MHRA RS, N RE1dR1~6 A%
DEWR (P<0.05) . S5AFIHEL, non-PH 414
ARG 1A 0ERTRE, JFRE, FEE. J5 R FRILEE
LS/ (P<0.05) ; RJF 1~6 PHIGEE. TEE,

(B EFREER) Je B BE B A Ta] g rh a] Bz LS /)y (P<<0.05) .
x1 3ARZEROIHBELIELLLE
EhR X BEZH (n=20) non-PH 21 (n=30) PH 4H (n=27) PG
ASD K/N/mm — 17.5+£5.9 22.8+7.8 0.005
PASP/mmHg 30(28.3, 32.8) 41(36.8, 41)"" 56(48, 65) <0.001
RVEDD/mm 3374428 47.6+75 48.4+6.7 <0.001
RVESD/mm 22.6+42 33.8+5.1 335459 <0.001
TAPSE/mm 21(20, 23.5) 25.5(24, 28)° 26(22, 30) <0.001
“ZRIRIRS /(cmes ™) 12.8+1.6 16.842.9" 15.04+2.6" <0.001
LVEDD/mm 425+3.6 425444 40.6+3.4 0.138
LVESD/mm 27.0£2.9 263+3.0 25.8+2.8 0.446
LVEF/% 66.5+3.5 67.7+4.5 66.1+4.7 0.399
LVGLS/% 21.4(19.3,22.8) 20(17.8, 22) 21(19, 25) 0.288

ASD: Ji7 6] FR Bt ; PASP - il s ikl 4 i s RVEDD : A7 0 B &7 5K AR W P12 s RVESD : 4700 U A ] N 4% ; TAPSE : = R5EA
Wi % s LVEDD : 2200 EF K AR A% s LVESD : 220 B Y4 AR T P94 s LVEF : 220 Z S L5380 LVGLS « 2600 25 38R D) )

RS T P<<0.05 5% IRZHAH LY ;2 P<<0.05 5 PHAHAHLL .



930 Chinese Journal of Clinical Medicine, 2023, Vol.30, No.6 FEIGREY  20234E12H  5530% el
% 2 non-PH A EARBIEEA O ZENELLE
n=30
LD AHi1d ARJg 1d ARJG 1~6 )] PAE
T
PASP/mm 41(36.8, 41) 33.5(28.8,37) 32(28, 41) <0.001
RVEDD/mm 47.6+7.5 38.6+£5.0" 36.7+5.7 <0.001
RVESD/mm 33.8+5.1 29.3+4.5 279452 <0.001
TAPSE/mm 25.5(24, 28) 18(15.8, 24) 22(16.9, 24.1) <0.001
ZOSRIAS /(cmes ) 16.8+2.9 122433 13.1£2.5 <0.001
LVEDD/mm 425+44 4474+4.1" 4624424 <0.001
LVESD/mm 263+3.0 275424 289425 <0.001
LVEF/% 67.7+4.5 68.5+3.0 67.3+3.7 0.155
T2 = e /%

GLS 20(17.8, 22) 18.5(17, 20) 18(16, 20.3) 0.051
T P AL B LS 19(16, 20) 16(14, 18.3) 16(12, 18.3) 0.104
HTBESLCEILS 18.943.7 17.1+4.0° 17.4%3.9 0.004
M EESLIFREE LS 19.9+4.2 184148 182+35 0.103
JERERLERBILS 19.1£5.2 17.1+44 16.6+4.4" 0.002
TRERJEEILS 183+5.5 147438 152+6.2" <0.001
JE TRl FESEIC B LS 18.3+4.4 14.8+4.8" 143+3.8" <0.001
HiTEIFE R BE LS 162+4.7 153+4.8 152+5.8 0.210
HTEEH A BE LS 16(14.8, 20) 15.6(12.5, 17.3) 17(14, 20) 0.090
e ) B LS 19.5(16, 22) 17(14.8, 20) 19(16.8, 21) 0.195
JaRETE BLLS 18.6+4.5 16.4+5.3 17.7+4.6 0.063
TREFRE]EILS 19.5(17.8, 21) 17(13, 19.3) 16(12.8, 22) 0.071
Jr el e B LS 19(16, 22.3) 17(13.8, 18) 16.5(10.8, 20) 0.021
AIBELRBILS 21.5(17.8, 25) 19(17.8,22.3) 19(17, 24.5) 0.598
MRECIRBILS 22.5+6.6 22.0+5.6 212+7.1 0.299
TRELIRBILS 24.5(19.8, 30) 23.5(21,27.3) 21.5(15.8, 28.3) 0.446
a0 AREELS 22(19, 26) 21(17.8,25.3) 21.5(17.8,27.0) 0.753

PASP: itiZh Ik 45 & ; RVEDD : 470 &7 iR W N2 s RVESD : 47 0 UK AR AW N 7% s TAPSE : = 2R i 45 1157 7%

LVEDD: 2.0 2 fF ik AR 4% LVESD : 8.0 2 AR AW N A% s LVEF « 260y 2 53 1ML 508505 GLS < &R ] B AR s LS < G ] o2 A% . 9k
T S AR I A 55, B o1 " P<<0.05 SR HT 1 dAEL ;2 P<<0.05 SRS 1 dAf .

23 PHAEZFRIME A, HOTRFHRK[AL
B85 (R3) Won: S5ARAT 1 dAHLL, PHALE
FHEARIG 1 dFARSE 1~6 1 H PASP R4 ( P<<0.05);
ARG 1 dAELEW/DN, R 1~6 4 H#E—L 50/
(P<0.05); ARJ5 1 dAY TAPSE FI =23 S Ui/,
RIF 1~6 M HAR IS, 753/N (P<0.05) ;

RJG 1dAEDERK, RF1~6 ~HE—EHK

(P<0.05) ; AJ5 1 dHAJGF 1~6 41 A K LVEF
R (P<<0.05) . 5ARHFT 1 dME, RJF1dZLDL
% GLS, £33 icBE LS. ke S RE dra] B LS
W/ (P<0.05) ;5 RJa 1~6 A G ABRALIEE: |
ARG RIE . AiEER R B: LS Wi/ (P<<0.05)
KRB LS BRI 1 d A

&3 PHAHEREEEA OIHENELE

n=27
ez ARET1d A 1d RJE 1~6 H PiH
TR

PASP/mmHg 56(48, 65) 41(35, 45)" 41(33, 47)° <0.001
RVEDD/mm 48.446.7 43.5+4.6" 38.5+4.1" <0.001
RVESD/mm 33.54+5.9 333442 28.6+3.5% <0.001
TAPSE/mm 26.1+4.4 183449 224444 <0.001
RIS f(emes ) 15.0+£2.6 13.0£2.6 14.1£2.5 0.002
LVEDD/mm 40.61+3.4 437440 46.8+4.0" <0.001
LVESD/mm 26(23, 28) 26(25, 29) 28(26, 30)™ 0.008
LVEF/% 66(62, 71) 71(64, 72)" 68(67,72)" 0.044




PEIERESY: 20234128 55304 SHely Chinese Journal of Clinical Medicine, 2023, Vol.30, No.6 931
4k 3
Tekr ARAi1d ARfF1d AR5 1~61TH PiE
Jelaas = YERETFT /%
GLS 21.1+42 17.9+3.9° 18.6+2.6 0.031
HIMIFR S IC B LS 22(17,24) 16(12, 19)" 18(14, 20) 0.002
TTEERLICELLS 23(20, 28) 17(14, 23)" 19(16, 24) 0.016
MEE LI ELLS 23(20, 29) 19(15,21)" 21(18, 23) 0.003
JEEEREICBLLS 21(18, 26) 19(15, 21)" 19(15, 21) 0.011
FREILRBILS 20.6+5.2 17.0+5.5" 16.0+52 0.029
Ja AR R B LS 19.9+4.4 155+4.1 14.8+6.0° 0.002
Tl T B LS 18(14, 21) 14(11, 17) 149, 17) 0.012
HPBEH[RIEZLS 19(17, 24) 15(12, 19)" 16(11, 19)° 0.009
MuEE ] BZ LS 20(16, 23) 17(14, 19)° 20(17, 22) 0.029
JERETHBLLS 18(15, 23) 16(14, 19) 19(15, 22) 0.114
FEEHEIEZLS 20(14, 26) 17(11, 21) 19(16, 22) 0.168
Ja b A B LS 19.2+5.7 16.0+5.6 16.0+4.5 0.135
HIRECRBLLS 23(16, 28) 18(12, 24) 19(15, 22) 0.065
MEECIRBELS 20(17, 28) 21(15, 25) 22(19, 27) 0.436
FRELRBILS 25.0+7.9 234494 245478 0.288
AR RBLLS 22.3%+7.6 19.3+7.0 203455 0.396

PASP . fili gl Ik 4 5 ; RVEDD : 470 4T R BN 72 s RVESD : 47 0 RS K HH N 7% ; TAPSE : =22 I 45 A7 75
LVEDD: /&0 EHF KA N ; LVESD : 20 B WA A AR s LVEF : 220 B M43 4505 GLS « 2L RGN 1] 1945 5 1S - A 1w iz A8 9k
[F] IS 20 A 7 55, IR P " P<<0.05 5RHT 1 dAH L “P<<0.05 SARJE 1 dAH I,

33 i

AR EI, e ® A I PH, ASD BETE
FHEAR T H B TAPSE K =43RS #0m, B4
OEWSEIES, RJE 1 dNskeE, SR
KL, M7= B ar, A0 % i i Frank-
Starling 5 f 34 sR I 4G DI BE, A R LI 8h 11 2%
R4k, T A B MR S AR LGN 1] 43 A 4 £F 4
W, LRGN sl 0 L SR, £
ODER RIS AR, S SRS . AT
1, RE 1~6 ™A, HOBEIEEERE 1 df
s, (/NFARRT 1 d, X5 Akula 25 A9
SEE R —H, XA REE O A O BRI
HRAARET, BAZREN, JE51ERERMI Y
gz . ASD lE AL E i E s, i
B L WU AR R RAF I i 25 D RE, #3517 R
EE I AR T RE 24

P B WML HEHESN S 2% O IR Ry A7 18
TEMGNImETLE, HKFLIEH R 60°; h)ENIAIE
L DM 2 TR BE RN £F 4, 5.0 B
WA AETL-F- B, X ARG HES (8.0 BILEF 2t 45
B, PR RO, BER: R RN [ BT

855 T 7 A8 A6 B AL O AT AT 2 AR 6 0 PR
WL 4B shil . ARBI s > & B,
ASD fBF 00 B B AR B RRAR, B8RS 24 h
PRIET R, BEAERTSE ¢ KW, ASD HEEIE
ARG 20 B R N AR B, T LS A U, 3R
WA I3 & %75 5 LS AR AR C R
AWFFEh, PHALRFE ARG 1 d 202 LS ),
5 FRBre gt R —5, B A AR SRR
B, PHA A LE LSHBUERFI RS AL LEZ
[T AHLARAE FHA G ERERE RN, Ao s fum
(R TR b S Ar DhRE BB I, B A0 - ISl
Wi, TERXFMELL T, A0 % 23l 1 5 == B BE
W 4 ShRE SRS Bl 200 2 R I SN RE 'S o XAl 4i
TREMEINBES PH BRI R
FRAE O U BRIE, O LA 4ETE AL I FR AL AR
Moo b, FREREKCE T B BIER, B RS
OB S A R T ANEE DT R, A A B TE
ST IE S Pl R A BR BN OC R o AR PLEZ i S i
G2 PR, ASD FEBEARRE A kol 32 5
R HAEFREIEHS ;. Bussadori 4 RIS A B, 2R
52 J0 o A A AR 2 B R A A R . ASBIESE R,
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