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Abstract

Coronary atherosclerotic heart disease (CHD), also known as coronary heart disease (CHD), refers
to a condition where atherosclerosis in the coronary arteries leads to lumen stenosis or occlusion,
resulting in myocardial ischemia, hypoxia or necrosis. Currently, the prevalence of CHD is increas-
ing year by year. Early identification and timely intervention are crucial for reducing complications
and improving prognosis. Stress echocardiography (SE) is a non-invasive, safe, reliable and repeat-
able examination method that observes wall motion and hemodynamic changes by stimulating car-
diovascular system responses under drug or exercise stress. With the development of new ultra-
sound diagnostic and therapeutic technologies, SE is expected to serve as a means for further quan-
titative and locational assessment of early myocardial ischemia and prognosis in CHD patients. This
article aims to explore the application and research progress of SE in the diagnosis and treatment
of CHD, providing a reference for its further clinical application.

Keywords

Stress Echocardiography, Coronary Heart Disease, Myocardial Contrast Echocardiography

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

jeb L9 (CHD) 2 I AR SR M PR _E A0 3R IB4E_ETHL VB, BOER s, FTUVR s . BRI, Big
WX e Lo ) B IR AR R CE TR A R X1 BT, dOR e ETBOA R, eiRshik
ERAE NI IR E, BRIk e bndE, (HRREEIRR L AR, ki
SATER) B A A IR AR, XA P RE 5 R O S A A B0 U DO RE U A 5% U A%
AR PLR S CULRREES O, (BRI BAT — R BUM AT — B A NN A o 8 R 5 03h
B TR AR S AITh RE, W] LA D9 Te Lo 12 WAL i 1T 1) — M 2 T B, (B W P 0 3l P
PR B MR AR B B BEIS B 5 0 o ST AL al B RIE 25 sz s IR S, AL ULERIL, A0
= B AR E A ML AN 77 24 28R, AT A I ST o M D RE B 2508 o S BT BOR B SE AR RS Xt e Lo
K35 2 W R R R S P AR AE B v, (RIS A I T4 e P oo 3l P T LK T Lo T A PP AN (L

2. ATETRENEESR

FERES IR A Bt B ST SR EOLT, &2EA —RR S A REL, TG
A AR TR AR A IS S B . 2 T BN . R
SR T S LIERZ SN EUR, 85 i BT E BB HLIZ SN G . EAT 432 3301 1R) 2 ) 7 35 vy U 31 57
BISRAS, ERUER R AR s, BEEIEAARGR, M. EE O E 85 (s, Of
B, A LR R R S 26 R SR . B gy A 0 8 PRI 3R AT O 1 B0 358 i 55 A M i i . AR ZRID
HERARAR PR AL R, B AT AT DA oA G Ja O S BRI Bl . LBOIRAS 4 I 0 A e S 7 .0
SEIEIR,  DAPPAS£E 15 77 390 18] HE B3 ) SR AL ) 5 BE IS B 3 W ARG, R IR Bk BRI . S BEIZ 5
SH Y NIBE IR . 12BN BEAGEE[2]

ik

DOI: 10.12677/jcpm.2025.43342 267 I RS PR = 25


https://doi.org/10.12677/jcpm.2025.43342
http://creativecommons.org/licenses/by/4.0/

FRRIK 55

3. ;AT AR

B fif 7 o 2l P T AL S8 B sl 2 Wis B RO . Is sl i 4R IE I B (WENZE S B R P L
UM AT, PR LG, JEE O E EE O E BEE A R MR E) ) e AR A L
EEIR . 2P s A O3 B — ORI IR . 2 BB TR, EnEE . RAE ERRER . KIA ST
BAEESE, KB HAR ORI EahR RN ETT R, BOVERS TANERTUREE . 49
G figit 75 o 5l P AN IE 538 B Bl S Ok B g DR ROE 7 ZE IR T I R

3.1. KA LEhE

3.1.1. BRE. WBKAEZFmMEH 3

JREF(Ado)E N —FHIEM % H, HATCHIH Al. A2a. A2b. A3 24k, Hrh Al ZAEFENAGT 05
Wl R4 g, DENVD I, ERT AL SZAREHEGE SN, (K SE B AL R AN R e A7
(ORI, i S VRIS DL B s A AL S I[3]; 5 A2a. A2b 454, MUY SRR, S MaEaR
BERS[4]; 5 A3 BZARGE G, TGS O VLA 1 ATP JBIE, KIEOURPERS]. R EE&ET
YER T A2a. A2b 324K, §5Kkiet Bk, S8k i, 456 0 sh B2 Wi e ko » XU A B2 —Ff
TR — TR A U I R R 70, BE mTESAiNRRGR), SCRTAE D e IR B K ML &7 5K 7RI 6] [ 7] e 4]
BRFFI A, A RRFE I N TE KRN, IR CAARE B (1 07 S IR 2 M BAE I [8]. HE M 32162 A2a 32
i, B S EGIR SN BRI 47 Tk A AR BB BN . Regadenoson /& — ik £ A2a ZAKMEF, 5 Al
HTA2b 2 A1) [ S A9

R BREE N2 A, ok e Bk s, SO UReSE &, s, ol BA R 24,
IS 7k 24 08 T8 SR IR /2 PRl CFVR B EIE 73, 7RV CMVD R E AR .

3.1.2. ZLEETRE

Z O T AR — R AR R SR EhT, FEERMEER T 1R B2 Ak, wT LR LG L
WL 4E 1 5 R B AR 4 B T R ) AE PR SORE[ 101 A 22 Bl T RGBS 246 71 &8 5 8 10 ug/kg/min, & 3
IYERIEIN—IK, B RE R AR 40 ug/kg/min. £ B AR AIE R BHARCR, WA 1 5810
FEi 0.25 mg (B % 1~2mg). TEMFIER, 2 Em T KFEEEENMER, maflE T, @RI IE
PERFARAE T . 2 B T i iE & adad 7= A O BE EVEL 0B, B O Bk 75 R, FHasasE s, %
SR I T KRG o B AR A 2% s AR IR B H AR 2R L T H BB 2R ) R AR DAL L LB Bh
IO R R LA L2 RO SRR 8]

ESAT AT, 2 Ol T 5| A I B RO RS By, A2 BT 2 8 T ™ A 1) Lo T e 280
5w DL A I RORE A B MO G R A O UBE[R], W BNy T G AME N EIE 29 i fr . IR
W12 % T VP A g 0L, O IUHSCAR Th RE A £ LA A2 I e R 3 Fk o A5 Bt 0 5

3.2. BERIGEEALEIE

BB TRV O B o AR AR 10 A g 2 R RENE SE U BN (IR TV, SR S L)
K22 YRR, EESE A[11]. EIdis), WTUPHEHUARRDIREIRZS, PREFOIEHRNUBN, IR
BRTCAEIR 55 B AR [12], I8 BN R IEH A2 31 S R0t 42 B R B I, S Be0d th #&48in, A
Lo T O LB AR SR N, B E A H AR

I, 3@ 3 7 P Lol P 1R HE O AORE R A (KU IR - Allbert varga 55572 [ 4 BR LRI HEAT M
TP a3l R 7 3l PR SR S AT R B P R T ) A, 3T XIS BN U7 SR AORE I S T . X
I TR E 17 ANERE 71 AN, RILEIE 26295 2T 8 fuf it /s O sh B B i B, L

DOI: 10.12677/jcpm.2025.43342 268 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342

SRR 55

1283 (1/6574,0.015%) KA T & S A dm B3, Jdk 1 4 0158 S A= dw B FF ACRE (1 8 SvE O LR BE,
2 BUFFSL I S MO B, 1 FI TR [13]. A2 DAL BTIZE B 0 A 8 75 A 28 10 e A, AR RURG: 1) 9 R A1
1532 5 971 A 3R P TN TR 24

4. B ELENER A
4.1. LAEFEERMGERE DSBS SN DR R RS

A QIR B K 5 AR L PPl O kSR RSB AL RG22 Wt SMIERR B BB A (bt . (H 2
AN DA QR PSS SPRZZERRKEM, H I iR ZE 5 AR T O Lk i (Y 5 B
IBBNRE ST BEANC T BE 5O SR o AR Ar B 7 o Bl B DR — P S 1o i RS 7 3t T DA 1 27 b 4
23 BRI RE VAL WS IR TR AR BB 7, DA A IICo IURESE(MI) B 474 o JRE IR BB 067 PA) B A Ak 3% 7
PHZE, CIUESE MY B Bia sl Lo NIEE R, XU iR B 0t B B, DR A A
LBl B A0 JULFS 27 38 5% 7T DU D S0 v i e P SR PR S8 4T 12 W 75 95 AR ) S SRR o JULsh AL [ 141]

B o I 2 2 41 H X e Jk BELZE PR (K2 Wi, T B1 Zh e RSR[5 2. BRAE MWF 74
t, FATCLE T 2 G A O B R DU AR R A SRR B T2 R 0 . William Wood-
ward 55 LA SR A AT A Bl 1 R B B AT T TATEYE . 2l WETERIBE T, R
W FTrh, B T AR 28 UM I AR E PR Lo (0 SR A L B R S, A 5313 AEBE I
WU g AR I M JE A R LS B S T2 B SR, X A e TR OB 12 WA B e I AE R P 15]

AT T80 A WA IR ) 8 e Bk iE R A AR SE SR, AT Bk ZR 5 AR A SRV s B4 NGE
K LB (R 80 2 B A% S S IR S K RV AR Adp 35 M Eh BE 7 o T JULAS BRG0PI (MICE ) RE 6 A e ik
VESR AT EAL LI, & — Rl PR 55 ELAR X A (Ao JULVEE A St 7 LA % A X g 4 Joy e AR 3l Mk i
FEK T R[16]. A AHEFEUEN] MCE F1 DSE FIAHSS & T LA e ks 72 i R BURPE AR 7 4% o Li
Ping Gao #5223 K5 Lo JULXT EUEE 75 00 3 (MCE) 55 2 5k 7 fif i 75 0o 20y IR (DSE) AH 45 5 X PP A e 0o £ 3
LW, JF Tl AN R e IR 2k B ZE R BE T AR AR AL IO e, g Bl e 4 SRAE v eebm it Xt
BB RAT YT IT, VAL P B e K (72 W (R BB PR R S PR A0 AT o 45 H 508 DR Lo VLK L 7 0
ZEI(MCE) 5 2 Tl T 1% S #08 75 0 21 81 (DSE) A 45 & £ 12 W BEL 28 4 Je IR 50 D0 42 77 T A e B U A
HERBPE[1 7] DRI, FRATTTS 22 A 7 Lo 3 Pl R o LS 2 3 52 D o JULSR ML PR32 W7 B ARl i 0 PR 8 A 32 14K i PR
PRHE, IF HAEWE BB A P RE SR o e OB 12 W P RE

4.2. EMAEE A

KIALLR, ARThRETE L AL S LUUESER 3o SR, B FE R S RO LKA L, AEAR S REIE 59 B
FAAEATAEE DAL A AL 2 AR, DL BRI AL )5 2 0 s (LV) D RE R I PR 50, il I A7 3 PPAd 14T
R ROTRE 7 IEHE 18] A5 LIS SR 18 PR BRI 500 U SE 5 T3 4238 B0 AL, BT & IROAL, 53N
WL, PR RS i 2, 2 MR YK S s A IEVE L 259 ) BN A Th R 19]. H RTA L
AR BB TAEE DAL VEAY, BB A OEE . ODIERIR R . ST A TR Z S H A%
JRAGANIE HL 7 RS W R AT AR o A 18F- At S50 46 W (FDP) 14 11 A1 % S BT J2 431 4 (PE T ) it i WL 5%
WL e EACHERAF TS OV I e hnit, (ERILRA &t #RAER I SR 2 A A IR R T i)
il FH AR

FEIPR A, G A P O sl VA A OIS BNZHTHE T, Ak, JAmlE A B S — Se R BoR T B
BE— PR A O B I AER P, DU EE— D IR R R SRR BE TSR RIESE o R EESE NAE — TN 2
ES P T M S 7 o 8l PR o UL 22 2 2 10 IS A DA AR T A2 o JULRE E S8 A7 35 o LB A B FE R AN T

DOI: 10.12677/jcpm.2025.43342 269 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342

FRRIK 55

38 AFRIAVECNURISER B, FEL BOE KA NG T ATEAT R A, Shllcdiiaah i 1B 273 A, Jlid K
ST, RIAFE QAU BLA R 2 AMRK S AR (LS) 48 0 B 15 W S i T AR A i LT B, IR R A I
LS. 1) LS. 4ME LS FlllfiF QUL ENAE, AUC, REUE, RriwER4ax (5 70T i A oz K.
25 R 3R W] LDDSE B0 UL 2 9 1) AR AT PASE e Al A4 Lo JUL B RSN 57 E 201

SN 2 S A YL 2238 B (MCE) 45 15 R 7 A AR et Lo o UL AE 58 3 A7 355 Lo UL Y Wi PR 1 ELAF 5
Hro Xt 45 GO WUSESE I 4003 2 et Bk ML 32 = 22 (4 7 Lo S8 HEAT W A A5 AN G MCE A 8, JFERJE B
O . AR LIS SISCE KT AT 1 APUEE WAL BB T SR BifiF MCE PP 45
OB . R S B S A T8 EUIRZS MCE,  $7R IR 474 N B0 MCE BERCHERf . [EE I v #L
VA A E Lo UL, TR 6 Lo 58 Wi PRV T 7 S B S LR e IR Bl ik i s 3 8 )i FR) 7 28O 4 5 A+
HEF P BIATR AE21]

SRR, SR AL Bl B T WUREBE 8 A7 Lo LR RS DAL et fok i B 3 o UL I 38 P 25
G DUAT BT RN E VRS S %, X T O UBEAE 8 1 I2 SN 4R . TS KU 73 J= LR PPt e ik
i 3 F S 7 RS T A R A L

4.3. BHBRZIIEE Ei SR N BK IR S

BEERRLAHE LI2 LN EE DL, BRI — 0B EAT e ks SR 25 f5 5 8 R 0B 2 1 7 ik
Beaz, IXHR o NFEBEHR I L2 1 6t ik 0 SO (ANOCA) [22]. BRI IMGIHE R, AEF =02 K
ANOCA H IRER 1 et kA LA B BE B A (CMID) A 96[ 23] 1 CMD #AH 5 A A OGO i Fi 44
() XSS 3 I DIAR oG o — I8 [ 6631 il ANOCA B35 ) EA iz, 576 CMD KB EAHE, H CMD
() 8O MU R A 6 B [ 240 BRI, A CMID B O JI Th R4 Mi fF) S R0 22 B 22, H A At
IV CLAER N RN 7. 3 A B bR Bl ko 5 75 22 A% 4% 70 BU(FFR)MI R, A Ak
EAME AR R RE A, 538 M B R 5 O 3l B e B i e i 2%, IR BN 7. (H
JE W B 7 0 ) B TR O O T e ) AR Ak, DRI IE ) R R R I F AR R LRI CMD i
HHIDBEDIBEARAL, 7S ANOCA B34 I 13K 25 «

2B S O 0 PR 5 BT 2 B AR T LT 3k A g AR 0 2 i ot R T B AL T AR FR R (MW, F
W7 LA BE D) e 7 . QuanDe Lou &8558 #HAT 7 — WU 5T, XIWFFLH4H5E T 78 4 ANOCA ¥, Xf
FIE B FATHE A O B A . I 7 e A O B B DL R 08 e 48 i e 75 0 50 PRI 8 el AR 0 Jk I i 4
(CFR). ¥ CFR &5 %, ¥ #% A CMD 4H(CFR < 2.5)A19E CMD ZH(CFVR > 2.5). #2070 # B A
FPIRAE NN DG 2805 FHUES O ESE. 4Bt AUE 5 030 B (2D-STE) S 40RO L
MW S H . 45 RRIE AGPIRES N, w RS kAU & 7 (CMD) 4L 42 /) TAEFRE(GWI). & a4
DIGCW)H A2 J5) TAERRE(GWE) MK T-4F CMD 4., {542 5 LR DI (GW W) FIIEE R A% 55 5 B2 (PSD) 4L iy
(N p<0.001). FEZABREIASHT, RATKIL AGWW (IEEF 74 BTG GWW 22 53) A1 APSD (T 1t
fi AT 5 PSD [ 22 ) fE MR 1 MG )& CMD BFIMSZAE G 2. ROC #IZ s, B AGWW Fl1 APSD 4H &
ME GRS CMD BARRESHAINME. EXTFFH, AR DURE FuiardE = T el bk i
J(CMD)fli ANOCA 3 HBLO ARG Th e Bk,  HIBLA 32 BEARAb & O IIE WS 4 AR [R5 R e 2 sl 3R
TS AT e 7 A 7 AR R 1) I B e e k0 A e, R I L R i A O U R R AR
fHL[25].

Li Zhao %523 760 FH RREF 47 fif 168 75 TG B 0o UL 75 2% 3¢ 52 (ASMCE) 7 A1 L 28 e Fik 1fiL 857 < 995 1 1 (L 1F
e R I T A BE ZE M S AR B K L (INOC A ) &8 5w (14 7 Ik A IfL 55 0 £ 3%, ASMICE A5 FH OGS EE 7 AT DAS
f R4S S UK LI % £ (CFVR) B B2, & — PR AT AT IR R A VAR CFVR B 757 . fE1Ff% INOCA

DOI: 10.12677/jcpm.2025.43342 270 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342

SRR 55

BER L OEIIREN, AUV REOHRTE, &8N 4 AL QU DhRE R b 2L, JCH AT YR
R IR Lo LR LR LT 5 U 7 L R VAT 4 i % R0 ULREVE PR Zh S 224K [ 2610 43 L, A7 il A 0o 50 115
o A B VAR TR LA B o LML 46 B R R B b A2 A TR 3 3R BE ZE R TR IO » - P AR s PG S ) A RS A
o B T

4.4. THEERIN M OIS B E ISR TG

56T S 18 75 0o 20y R T 580000 B2 Wi (BRI B I AR 9 280 22 5 1T G Tt I o R 6 T
Je IR T80 o FEREAE ORI T AR, BRATTER I A7 Aar il 7 0 Bl B 75 T DA Syl afil P o 998 (1 TG B2 W 7 32,
DRI, 75 Bk — 0 (I F FEX Sl L 1O AR PRI TS AN . 32 R S5 43 AR T S far il A5 O B B S
JULFE 536 S VPG S 12 B2 6 o B R AR O IV A R AN B . 3+ 747 MCSE ¥ & AN m] 58 1k
IO B3 361 1, A4 MCSE 45 570 S IE 8 AL 5 (g Ja 220 B 1 AT BE = BEIE 3l A 8
SJEE 2 AN BOO WURE 58 80 2 AN BCOIUHE RS, I R R, T8I B e R Ui K
OV R A, A4S 3 A A AR 2 i FiE . 45 UE S MCSE AT AR D T m] 5% 5 0 sk i1
PR IR B3 TR (1 TR 27

ugochukwu ihekwaba %5 %% 71 1 2 AN HL - 205 e or 28 Vil B A0A st R 2 ke s S5 28 I I8 75 0 3 1)
KHITUE 12 DR, X 16,581 44352 255D G er e 7 0 2l B 25 6 5238 24T 2047
IR RR AT A 31 M HER 21~101 M H), 46 MACE MESEM4RERN 1.76%, EFIET:
B9 1.35% 0 5 [ 1 A 6 7 Lo 3l AR L, BE A A7 £ i 7 00 3 ¥l 5 MACE 4 R BB T 36 1 XU 189 A 5K,
MR AT HN 1.99%LE 1.54% (OR 2.04, 95% CI 1.79 % 2.33)F1 1.68%LL 1.02% (OR 2.06, 95% CI
1.80 % 2.35), 2510 N FHMERNBGE O a4 R SR ZE K MACE A FBET- A K. it /5 .08)
Pl 25 SR ] R S SR ALk e R B0 ok e s S A IR A T v T SR A K R B2 (28]. TEZ DU AL R B, 6 fif
R 7 L BT X T e KB 1R KU 23 J2 AR TS A B 4R S L, TEARSR A AT T IR, X
il A IR T T %

5. HHXAHR
5.1. ¥1 ABCDE 5 &

e OB BRI T g BARE, B TR O S A e R 3 kB A 1 X e = B S )
FHRWMA). (HAE, 5k 2N bk B AR 3 e Bk g R 12 W0 LIS B AT, 456 el ik e
o R B AR BEALE], H ATIR 20 LR RWMA A 5 AN 2 DL 2 3 RS AT 9697 o el O JR 3 I8 T R
AAESAR G ik, T e 03N R SE J7iEBIE O 5 (B LI5S B D) G, 5RFEM O3
KIS C b)) BEZEEAMKh 28 $E D 20) LI TAERUE O H B 10 PP (G E D) FHZE 6(29].

¥ ABCDE 77 R FZALHE 5 AP EE, DI A TS A R X stk = BE g gl 7, DI B FTIF
i B 2%, B3 C TG A LS, LB D TR T 23 810 el R 3h Bk I #% % (CFVR),
W E T T OB EIRORMEE[30]. DR A AR EENEE T, TERLAEE AR, A
BH MBS HIE TR S (WMSD BT, fE/00F 17 BRI, $EEEN 1 (GEHE)E 4 (AR,
FESR I 250 2 AMEAR T BLE R B & 1 2 VP38 in[31]. %/ 2 MBI R 20 1 4 iF
SIS, A BRAEBONTE RS S RWMA (B EhTF M > ARE)RRPEYE31]. HRPEB E
FEAE AR 75 0P Al B £6(32]. B bRdEAEAEEUATER S B 4k > 2 U 338U MM 7R C BfhkEE
T 3002 U R ik 2 (LVCR) VA, AE AR 1 S /AR B B, THERI4e e /4 AR MR [34]. 2T K
71/ LVCR M fafe S e S B b B : 1832 BBy T K < 2.0, XUSIASCFIRTHE S < 1.1 [35]. CFVR

DOI: 10.12677/jcpm.2025.43342 271 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342

FRRIK 55

VYR DYfERRE SE A6 5 301 1A 3 iod ) Bk (R BE 8 B R 22 B AR EAT PRAG[36]. CFVR & N7 Mg 5
it 06 L 7 SRV e IR BN Bk ML 5 2 Ll o AR ST A5 L2 AN TR 8RB, CFVR A <2.0 #0ONR5#
#[35]. ABCDE M7 5¢ S (33E — A0 Hdfa Ao Wi £ LR B RO Vs 5 B2 W . TR IOBRR I RE T IE A 13
TATEW T

5.2. “HEBERUBERRAR

BEAT: 1) S Ay e P 0o 2 1], e e O %0 U 2 B A e o JULBR AL, LR A7 e P AL b T 2 B2 )
IVE 7 o] RE 5 SE bR — L 22 . B 0B BRSO EI(STE) & — ) 2 il G T B, & REM87E 5 O
SR E R DU R AL I NG B, RS REBE IR AR 1R o LA 95 I R 4 7 4R 3 Jik s 28 7 o7 e .
X3, IR AL AR B SRS T A B [37] -

BE B B HT RS I8 2 A S HOPAL SL R A BRIV O SR T, TR AR (LS), X B
STE Z4(, I TVFAh FTa O IF = RO A IS T 2140 R 0077, 5 FLAR S 7l PR 30 kil 48 4 A1 DX 3wt sk i 14
PAOTREAT XIRVTAG,  DASR I = 24 #ont 0o oA IS RE AR T AR PR AT HAR 23 #1381 % STE 7ERLEGE 5 0 3)
FI(SE)EG 34T, W HFTE ACS ANHE R B IS WT, 38 nT UVl vl 58 2ol 48 SRl VAl O LA 3G
PERITN O3 [39] - Park 55 NI, 20 U0k A b 75 0o 2 LA 285 8 1) ) A S P R A 23 T A2 T AT ) s
PN 1) PN S 4 = A 17 23 (GIL S ) e % I 35 7 ik 5 (CAD) IR Al B S 4, 5 2 B i s L 3 1
MR SE PR AR B, X6 A A S5 2 ) 82 A8 (GLS) Bk — 2D PP Al B8 iy 1 25 B8 e A7 i e 75 0 20 P 1 12 T T e 2
[40].

STE [AIH 34 AT BA g G ek Bk £ 6 AiE RS 1 el ik &5 A AE AR AR A F B TS A5 6o 75— TS A 2 itk 0
U SE(AMD) S R BURE i, e = A R R R R AR 26 5 2 RGBT 28 TR LR, 1Lis =5 A0 )
IR 3 FRE U B BAMNI A OG, HAEZRESG, &= RRAR T 72 %4 7 #(LV EF)
M= BEIZ BNV (WMSI) [37] [41]0 7E—T0 137 {52 € P et ik e s (e BE et 7i 4, I STE B3 & T
O FALE R TIN 8 T [42]

6. RKMRE

A S er B 7 D B R A AR S AN 2 2 Ak, T2 I8 I AN R 1 G 5 SR VPG UL L L O T E
S, DATEAE AN, REORN RESREE, HERFEZOR S BN, MEAER R, fRE AR
N GGHEAT R o AEBRAEWT ST, IS ar b 7 Lo Bl B XHE By SRR ML 10 SR AR o P e mT DI I xR
PR AR AT 48— K B R ORI A R I, oD B 2R 22 TR KSR 2 e, 8 BN TRI AR A 4 2R, )
P KA DAE i AR R A 4 R A R WA 1R, FEAROKR, R PAT BLf 5 G E B Al Y
ATHERETRADANIAR G, XIS AT B T IR[15] S 7 OB D B AR I s 22 M LA B 2
Wr, 5 EEAA Y EAERAAIE, o BB eSO AR SRR Co I, 13U AT Dld I [ AT He e e
ISR RN A Th B &, RIS 25 Tl 7 IR A 45 2R, Bt — D2

SEEk
[1] W, #8FEM, RYEE, & SO IUE ZiE Y E &5 w8 B 3T s K& O DU E 3 LLRFE]. &
HRE 2 S 8 (FR TR, 2011, 8(6): 1325-1331.

[2] Mastouri, R., Sawada, S.G. and Mahenthiran, J. (2010) Current Noninvasive Imaging Techniques for Detection of Cor-
onary Artery Disease. Expert Review of Cardiovascular Therapy, 8, 77-91. https://doi.org/10.1586/erc.09.164

[3] kA, FHaT, stk & BREXTIERE AEESEMEmI]. FEE S DI ES5E, 2002(3): 28-29.
[4] Crea,F., Pupita, G., Galassi, A.R., el-Tamimi, H., Kaski, J.C., Davies, G., et al. (1990) Role of Adenosine in Pathogenesis

DOI: 10.12677/jcpm.2025.43342 272 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342
https://doi.org/10.1586/erc.09.164

SRR 55

(3]

(6]

(7]

(9]
[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of Anginal Pain. Circulation, 81, 164-172. https://doi.org/10.1161/01.cir.81.1.164

2fB, HSLHR, BT, S NRTE SRS i/ O M AR A F O ST E (D). (OEZREE, 2010, 22(2): 278-
281.

Harker, L.A. and Kadatz, R.A. (1983) Mechanism of Action of Dipyridamole. Thrombosis Research, 29, 39-46.
https://doi.org/10.1016/0049-3848(83)90356-0

Kim, H. and Liao, J.K. (2008) Translational Therapeutics of Dipyridamole. Arteriosclerosis, Thrombosis, and Vascular
Biology, 28, s39-s42. https://doi.org/10.1161/atvbaha.107.160226

Lee, C., Dow, S., Shah, K., Henkin, S. and Taub, C. (2023) Complications of Exercise and Pharmacologic Stress Echo-
cardiography. Frontiers in Cardiovascular Medicine, 10, Article ID: 1228613.
https://doi.org/10.3389/fcvm.2023.1228613

Al Jaroudi, W. and Iskandrian, A.E. (2009) Regadenoson: A New Myocardial Stress Agent. Journal of the American
College of Cardiology, 54, 1123-1130. https://doi.org/10.1016/j.jacc.2009.04.089

Tuttle, R.R. and Mills, J. (1975) Dobutamine: Development of a New Catecholamine to Selectively Increase Cardiac
Contractility. Circulation Research, 36, 185-196. https://doi.org/10.1161/01.res.36.1.185

Pellikka, P.A., Arruda-Olson, A., Chaudhry, F.A., Chen, M.H., Marshall, J.E., Porter, T.R., et al. (2020) Guidelines for
Performance, Interpretation, and Application of Stress Echocardiography in Ischemic Heart Disease: From the American
Society of Echocardiography. Journal of the American Society of Echocardiography, 33, 1-41.e8.
https://doi.org/10.1016/j.ech0.2019.07.001

Cotrim, C.A., Café, H., Jodo, I., Cotrim, N., Guardado, J., Cotrim, H., ef al. (2022) Exercise Stress Echocardiography:
Where Are We Now? World Journal of Cardiology, 14, 64-82. https://doi.org/10.4330/wjc.v14.i2.64

Varga, A., Garcia, M.A.R. and Picano, E. (2006) Safety of Stress Echocardiography (from the International Stress Echo
Complication Registry). The American Journal of Cardiology, 98, 541-543.
https://doi.org/10.1016/j.amjcard.2006.02.064

REE, BEse, KER, & ALEMOIEFIERNEREE S AN R R E(ETR), 2019,
16(10): 727-730.
Woodward, W., Dockerill, C., McCourt, A., Upton, R., O’Driscoll, J., Balkhausen, K., et al. (2021) Real-World Perfor-

mance and Accuracy of Stress Echocardiography: The EVAREST Observational Multi-Centre Study. European Heart
Journal-Cardiovascular Imaging, 23, 689-698. https://doi.org/10.1093/ehjci/jeab092

Barletta, G. (2015) Myocardial Perfusion Echocardiography and Coronary Microvascular Dysfunction. World Journal
of Cardiology, 1, 861-874. https://doi.org/10.4330/wjc.v7.i12.861

Guo, L., Zhang, Y., Wen, J. and Chen, J. (2024) Quantitative Evaluation of Myocardial Perfusion in Coronary Heart
Disease by Myocardial Contrast and Dobutamine Stress Echocardiography. Journal of Clinical Ultrasound, 53, 234-241.
https://doi.org/10.1002/jcu.23809

Jha, D.K., Mahato, A., Jain, A., Bohra, V. and Tiwari, A. (2023) A Prospective Comparative Study between 99mTc
MIBI Myocardial Perfusion Single-Photon Emission Computed Tomography and Dobutamine Stress Echocardiography

to Detect Viable Myocardium in Patients with Coronary Artery Disease. Indian Journal of Nuclear Medicine, 38, 224-
230. https://doi.org/10.4103/ijnm.ijnm 91 22

REHE, BEM, 5. DU GRS OIS S O 7S 0 2l BEE T O R R R 32 R 0], o ML 27
#E, 2019, 40(2): 252-256.

RAEE, MtE2, M. NREZ EE T U8 75 02l R A O UL 2 J2 2 1] A8 PRAG R TH AR O I LBESE 58 A7
WOLANET]. OB STEIR, 2021, 40(3): 258-261+344.

AN RE AT N O U G R SR PPN T O O URE AL B B A LU e PR ST [D]: (A 22 i3], 7
A FEERRE, 2019.

GBD 2015 Mortality and Causes of Death Collaborators (2016) Global, Regional, and National Life Expectancy, All-

Cause Mortality, and Cause-Specific Mortality for 249 Causes of Death, 1980-2015: A Systematic Analysis for the
Global Burden of Disease Study 2015. The Lancet, 388, 1459-1544.

Jespersen, L., Hvelplund, A., Abildstrom, S.Z., Pedersen, F., Galatius, S., Madsen, J.K., et al. (2011) Stable Angina
Pectoris with No Obstructive Coronary Artery Disease Is Associated with Increased Risks of Major Adverse Cardiovas-
cular Events. European Heart Journal, 33, 734-744. https://doi.org/10.1093/eurheartj/ehr331

Gdowski, M.A., Murthy, V.L., Doering, M., Monroy-Gonzalez, A.G., Slart, R. and Brown, D.L. (2020) Association of
Isolated Coronary Microvascular Dysfunction with Mortality and Major Adverse Cardiac Events: A Systematic Review
and Meta-Analysis of Aggregate Data. Journal of the American Heart Association, 9, €014954.
https://doi.org/10.1161/jaha.119.014954

Liu, Q., Li, Q., Wan, X., Xu, M., Pan, J., Zhang, Y., et al. (2023) The Value of Myocardial Work in the Estimation of

DOI: 10.12677/jcpm.2025.43342 273 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43342
https://doi.org/10.1161/01.cir.81.1.164
https://doi.org/10.1016/0049-3848(83)90356-0
https://doi.org/10.1161/atvbaha.107.160226
https://doi.org/10.3389/fcvm.2023.1228613
https://doi.org/10.1016/j.jacc.2009.04.089
https://doi.org/10.1161/01.res.36.1.185
https://doi.org/10.1016/j.echo.2019.07.001
https://doi.org/10.4330/wjc.v14.i2.64
https://doi.org/10.1016/j.amjcard.2006.02.064
https://doi.org/10.1093/ehjci/jeab092
https://doi.org/10.4330/wjc.v7.i12.861
https://doi.org/10.1002/jcu.23809
https://doi.org/10.4103/ijnm.ijnm_91_22
https://doi.org/10.1093/eurheartj/ehr331
https://doi.org/10.1161/jaha.119.014954

FRRIK 55

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Left Ventricular Systolic Function in Patients with Coronary Microvascular Disease: A Study Based on Adenosine Stress
Echocardiography. Frontiers in Cardiovascular Medicine, 10, Article ID: 1119785.
https://doi.org/10.3389/fcvm.2023.1119785

Zhao, L., Wang, Q., Xu, P., Su, X., Luo, Q. and Ding, Y. (2022) Evaluation of Left Ventricular Function in Ischemia
with Non-Obstructive Coronary Arteries: A Research Based on Adenosine Stress Myocardial Contrast Echocardiography.
The International Journal of Cardiovascular Imaging, 39, 349-357. https://doi.org/10.1007/s10554-022-02740-7

B, AT RS O B R AU LS 2 38 B VAR B At O 78 BB 2 IR PR T3S IR D] [ L2 A28 3], T JM:
B TIERLR A, 2023.

Thekwaba, U., Johnson, N., Choi, J.S., Savarese, G., Orsini, N., Khoo, J., et al. (2024) Long-Term Prognostic Value of
Contemporary Stress Echocardiography in Patients with Suspected or Known Coronary Artery Disease: Systematic Re-
view and Meta-Analysis. Heart, 110, 1349-1356. https://doi.org/10.1136/heartjnl-2024-324534

Picano, E., Pierard, L., Peteiro, J., Djordjevic-Dikic, A., Sade, L.E., Cortigiani, L., ef al. (2023) The Clinical Use of
Stress Echocardiography in Chronic Coronary Syndromes and Beyond Coronary Artery Disease: A Clinical Consensus
Statement from the European Association of Cardiovascular Imaging of the Esc. European Heart Journal-Cardiovascu-
lar Imaging, 25, €65-e90. https://doi.org/10.1093/ehjci/jead250

Picano, E., Ciampi, Q., Wierzbowska-Drabik, K., Urluescu, M., Morrone, D. and Carpeggiani, C. (2018) The New Clin-
ical Standard of Integrated Quadruple Stress Echocardiography with ABCD Protocol. Cardiovascular Ultrasound, 16,
Article No. 22. https://doi.org/10.1186/s12947-018-0141-z

Ciampi, Q., Picano, E. and Paterni, M. (2017) Quality Control of Regional Wall Motion Analysis in Stress Echo 2020.
International Journal of Cardiology, 249, 479-485.

Scali, M.C., Zagatina, A., Simova, 1., Zhuravskaya, N., Ciampi, Q., Paterni, M., et al. (2017) B-Lines with Lung Ultra-
sound: The Optimal Scan Technique at Rest and during Stress. Ultrasound in Medicine & Biology, 43, 2558-2566.
https://doi.org/10.1016/j.ultrasmedbio.2017.07.007

Scali, M.C., Zagatina, A., Ciampi, Q., Cortigiani, L., D’Andrea, A., Djordjevic-Dikic, A., et al. (2019) The Functional
Meaning of B-Profile during Stress Lung Ultrasound. JACC: Cardiovascular Imaging, 12, 928-930.
https://doi.org/10.1016/j.jemg.2018.10.017

Cortigiani, L., Huqi, A., Ciampi, Q., Bombardini, T., Bovenzi, F. and Picano, E. (2018) Integration of Wall Motion,
Coronary Flow Velocity, and Left Ventricular Contractile Reserve in a Single Test: Prognostic Value of Vasodilator
Stress Echocardiography in Patients with Diabetes. Journal of the American Society of Echocardiography, 31, 692-701.
https://doi.org/10.1016/j.ech0.2017.11.019

Ciampi, Q., Zagatina, A., Cortigiani, L. and Stress Echo 2020 Study Group of the Italian Society of Echocardiography
and Cardiovascular Imaging (2019) Functional, Anatomical, and Prognostic Correlates of Coronary Flow Velocity Re-
serve during Stress Echocardiography. Journal of the American College of Cardiology, 74, 2278-2291.

Miglioranza, M.H., Gargani, L., Sant’Anna, R.T., Rover, M.M., Martins, V.M., Mantovani, A., et al. (2013) Lung Ul-
trasound for the Evaluation of Pulmonary Congestion in Outpatients: A Comparison with Clinical Assessment, Natriu-
retic Peptides, and Echocardiography. JACC: Cardiovascular Imaging, 6, 1141-1151.
https://doi.org/10.1016/j.jcmg.2013.08.004

Pastore, M.C., Mandoli, G.E., Contorni, F., Cavigli, L., Focardi, M., D’ Ascenzi, F., et al. (2021) Speckle Tracking Echo-
cardiography: Early Predictor of Diagnosis and Prognosis in Coronary Artery Disease. BioMed Research International,
2021, Article ID: 6685378. https://doi.org/10.1155/2021/6685378

Cameli, M., Mandoli, G.E., Sciaccaluga, C. and Mondillo, S. (2019) More than 10 Years of Speckle Tracking Echocar-
diography: Still a Novel Technique or a Definite Tool for Clinical Practice? Echocardiography, 36, 958-970.
https://doi.org/10.1111/echo.14339

Mandoli, G.E., Pastore, M.C., Vasilijevaite, K., Cameli, P., D’ Ascenzi, F., Focardi, M., ef al. (2020) Speckle Tracking
Stress Echocardiography: A Valuable Diagnostic Technique or a Burden for Everyday Practice? Echocardiography, 37,
2123-2129. https://doi.org/10.1111/echo.14894

Park, J.H., Woo, J.S., Ju, S., Jung, S.W., Lee, 1., Kim, J.B., et al. (2016) Layer-Specific Analysis of Dobutamine Stress
Echocardiography for the Evaluation of Coronary Artery Disease. Medicine, 95, €4549.
https://doi.org/10.1097/md.0000000000004549

Antoni, M.L., Mollema, S.A., Delgado, V., Atary, J.Z., Borleffs, C.J.W., Boersma, E., et al. (2010) Prognostic Im-
portance of Strain and Strain Rate after Acute Myocardial Infarction. European Heart Journal, 31, 1640-1647.
https://doi.org/10.1093/eurheartj/ehq105

Scharrenbroich, J., Hamada, S., Keszei, A., Schroder, J., Napp, A., Almalla, M., et al. (2018) Use of Two-Dimensional
Speckle Tracking Echocardiography to Predict Cardiac Events: Comparison of Patients with Acute Myocardial Infarction
and Chronic Coronary Artery Disease. Clinical Cardiology, 41, 111-118. https://doi.org/10.1002/clc.22860

DOI: 10.12677/jcpm.2025.43342 274 I PRAN A 5 2


https://doi.org/10.12677/jcpm.2025.43342
https://doi.org/10.3389/fcvm.2023.1119785
https://doi.org/10.1007/s10554-022-02740-7
https://doi.org/10.1136/heartjnl-2024-324534
https://doi.org/10.1093/ehjci/jead250
https://doi.org/10.1186/s12947-018-0141-z
https://doi.org/10.1016/j.ultrasmedbio.2017.07.007
https://doi.org/10.1016/j.jcmg.2018.10.017
https://doi.org/10.1016/j.echo.2017.11.019
https://doi.org/10.1016/j.jcmg.2013.08.004
https://doi.org/10.1155/2021/6685378
https://doi.org/10.1111/echo.14339
https://doi.org/10.1111/echo.14894
https://doi.org/10.1097/md.0000000000004549
https://doi.org/10.1093/eurheartj/ehq105
https://doi.org/10.1002/clc.22860

	负荷超声心动图在冠心病诊疗中的应用和相关研究进展
	摘  要
	关键词
	The Application and Research Progress of Stress Echocardiography in the Diagnosis and Treatment of Coronary Heart Disease
	Abstract
	Keywords
	1. 引言
	2. 负荷超声的主要步骤
	3. 负荷方式
	3.1. 药物负荷超声心动图
	3.1.1. 腺苷、双咪达莫等血管扩张剂
	3.1.2. 多巴酚丁胺

	3.2. 运动负荷超声心动图

	4. 负荷超声心动图的应用
	4.1. 心肌声学造影和负荷超声心动图的结合对冠心病早期诊断
	4.2. 检测存活心肌
	4.3. 早期识别非阻塞性冠状动脉疾病
	4.4. 评估缺血性心脏病患者的临床预后

	5. 相关研究进展
	5.1. 新ABCDE方案
	5.2. 二维斑点追踪技术

	6. 未来和展望
	参考文献

