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Abstract

Left heart contrast echocardiography is an ultrasonic imaging technology grounded in the principle
of acoustic cavitation. It enhances the visualization of intracardiac structures by intravenously in-
jecting microbubble contrast agents. This paper expounds upon the core value and application
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advancements of this technology in several aspects. These include the detection of apical aneurysms
in hypertrophic cardiomyopathy, the quantitative evaluation of right-to-left shunts, the diagnosis
of coronary microvascular dysfunction, and the guidance of interventional treatments for structural
heart diseases. Meanwhile, the paper also analyzes the existing problems of the current technology,
such as insufficient imaging stability and the lack of operational standardization. Moreover, it looks
ahead to the development directions, including the development of intelligent contrast agents, the
integration of multi-modal imaging, and the application of artificial-intelligence-assisted analysis.
This aims to provide references for improving the precision diagnosis and treatment of cardiovas-
cular diseases.
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75 385 (left heart contrast echocardiography) 2 JG A0 ML §AA% I B 22 R 7, FLid g 3 5 0

B GV OUERE, 1T T OIS S DR PR RS AERE . Rk T A& G dEXT LU P A7 TE O
BEXSECHEBUREA LS, § 7 7 HIEKMNAH . TSk, FEEE RIS =4t
TRERSEH ARG, L£OF%EMAEROITHRE S5SNA NG SR BRI RS . A clidsgiddt
BOARJEH R OIEIRIME A N HERE, TR U AT RARIN S Rk gt i Ae, B EHESZ R RIE R e
O B2 B R -

2. ImFRE RS E

TP G R AR FE T 7 AL R, ol i S A O P P 3 R (g K P A ),
TEREFE PAE R e AR s ARG AR S 5, I 90 5 A R AL, SO S I RSH T Re &AL
HERR T, R ARG AEXT L 5 SR BRME[1]-[3]. H i ik R s ENEE o URMHCM) & #F &
Lo A ARG I 2 O S TS R ) RBUE A 97%~98%, T HAENT HL iR A5 (RARE 679%) A0 LA W LR (R
TR 97%), HEAREE N FOTAS T2 ARG 23 2 [4] . O WS R AR — B9 R 2 0 WL #% % (MBFR)
PEAL, BETC AN I T R D) e B A A JJLEE A S (O LA B Ah) , it i o0 M5 12 W 4 A1 7 3 42 [ 5]
[6]. Ub4bh, Z5E =4ERIBEp B EREIR, $RTF T 205 LG IR F PR 7] [8].

U 7 21 SRR I FE K S R A AR, SR A O AR B TR, SRR T 1O i O R
TRIIZWHER Y, OB M 528 2= B B G 4 AN R G I SR i 70 3 e 755 S0 12
RO E, A RE TS R Rk e &b Kl B RS 43 2 55 5 T
2.1. FEBERLALRHCM)ILRERENBKE S W+ MR A #ZO i E

FEal FEAEIE REAEAT I HCM B3 /e 0 25 0o AR B kTR I e IR b vy ROBRE, e 1 A% Gl ot Lot e
A (UM AR 1 SR BR P o BFFERIA, 220 AR B kR 2 HCM AR TS I B bR &8, (HH AR
I3 SR WAL [4] o X ELBF 7T, 2 00 75 273 B AH B 10 B 2 3 L3R (CMIR) B AT B 2 I 2 i BURKME K 97%
(P =0.0198), T AEXS EL 0BT A 1Y) 64% (P = 0.0001); 4L K kEM)E, REJZH—HTHE 98%,
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HE5 CMR EEFHZRP = 1.00) [4]. ZOMMEETH T HCM B3 43 )2 FVE 7 VAL, i A
TRA E G B AR, NIRRT AL T SR 4 [4]

2.2. EREES R (RLS)E R (IR EFLRH) S BT b B D E

Fral A AR IE SEAE R RLS I, i S 9 O T LU Ze O B T AL, SEBLTC B2 . 72 PR FL oK
I (PFO) TR 22 T o, 22 k0o 7B 75 TiE 34 B (TTE-C) B AT R $E % EL 73 il S gk N 2 3 OB S, A0
TARGAERT LU ITVE[9]. Bolnidt R A HETT R e BHOR, 51 4n ) F 0] 75 %5 &£ 32 4k (echo density, ED) &AL 73 -
— Iyt 437 BRI T, ED W& AT EAL B F K I (PAVMS) SR RLS, & THZ Wik 1E[10].
ZOMELE T HAEA T A LRSS s, JCHEH T B AH G & i A (TEE), kb &
HANE[10] [11].

2.3. FERRBBK AL E L) REFERS (CMD)FL RIS P A9 D E

BT PO e 0 PR 2RI SRS B R R s Wi AR v, R BRI R EINE. 1) RBNK
I8 ThAERERS (CMD) 2 . oL H O B 75 (MCE) 25 & i H S LA B BOAR, AT Bk oI 7 AN i 45 o 451
U, FE— TR e 5 3 ) AR A T, MCE S Sk 2 et bR 20 Bk 8 £ 4% (CFVR) TR A L P 42, 4t
B A2 CMD, Jli/b wIR B ks S 1 75 SR [12] [13]. 2) (O I FEE LW KR 70 4% B 5 1fn 70 B8 0 3
(HFpEF)H, 70 P 2 i L I8 I P8 7 o B UL VE SR 12 KT SCRE o BIFFESR T, AE 225 5118 M IR DR X R
o, BRSO s RS PR S HFpEF 5AH G, $im ISk (RS R B JOERAEH, H
PR 75 A2 A% 0 TR [14] [15]0 #CAMELE T 78R G 5 (0 FR ) AN 2, SEBL A Th e vEDEA, 9140
TE 35 ARG B5 3 RSN 7 400 55 N AR RN 5K T e 57 5 [16] [17]

24, FLMEFH LSNP ONE

FEFEREIRIT ARG O MU BRI A2 W, Jo OB s R R E CBER . B, 2FEMEBZEAR
(TEER)JG, H &8I 7EX} LL(SEC)TE AL b5 1) H B w] Ftil afi 44 XU [18] [19]. fobiidh e s & N TR Re (AN,
REIZWT BBk BRIPRE R 2% (CNN) SR B2 22 ST BORRE B sh /0 A O A5 R, A Bl Ze 0 = IR K
(LVH) SRR AR, g/ N T35 22 (MERA 205 83%~96%) [20]-[22]. U EAE T i fa iR i 4
WA AT, 0 TR A O B RO RIS L E3] [23].

RMZFEOFEFIEF R OMETET: 1) IRFZW R BUE, W HCM /02 56 30 ik I8 £ I &k
97%~98%:; 2) HEFNTCLAE BT, BT ED B4k RLS; 3) LXK, 7 HCM F1 CMD i 477,
4) BL Al HOR, SLBLAZNMGEE . ot EIRIAZESRG (4G ECG), HASKT AT L AIRE
PAE— D4R A SR S A5 5 [24] [25]. B4k b, AR R O IEBR R AL T 20F . nTSEMR 8 - ff
R D A AV i

3. ELFFERESESHRTINEFNLS
HRAE AR AL, 0 P X RAAE I PR S B b 5 FUABSE R R IO J5 500 LA
3.1 ML DAEE#HAEIR(CMR)

e U A BEAE A I /2 00 5500 2R 255 BEJR (L V apical aneurysm) 5 T BBUR 1 &2 248 T CMR (97%~98% vs.
85%) [4], JUHIEH TR JE AL LR (HCM) &3 1 R 732 (4] HAREMESE . SEif sl A U AL ok
T CMR W4 & it A A I [ 2R SE 2 1 R IR o (BT O WL ZURRAE 2 AT (W £F 44k 2 &), CMR 17
e hE[26] [27], FoD A IE R FAE A HAN AT B MR s 15 B
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32. WML REBHE(TEE) 5LEE

TEA TR (RLS) 2R, 42l LHCE (TTE-C)#ERf I HiL TEE (BUst: 96%. #5571 929%) [11],
HE % TEE FIRANEX: o 22 CoFFPPAL 71, 38 = 4 e O 223 S R R MRS FE 4 55 CT % hRiE[28],
AR RO SR A BT I TC B 2 T H o (E/E IR LI 40 15 VPAl B R A NBRAERT, TEE/O SR AT &
R[6] [28].

3.3. xttL@Rk CTA (CCTA)S PET

iU 7 23 S O W R AT VA TR BRI A RS, RO e A PRI T CCTAVPET [29]
[30], &M FIkE M sl Thae A& B . (HE Wt ki Won 32 PR, TS CCTA AT A
Z2Wi[31]: i PET L URU AR 7 F 2 T S Re v 152 LHCE MR EIX[27] [32].

15 R 52 A =

FEabFE ARG AL — LRI A T B (i HCM S BERE . O ULBR ), Bk B0 R(TEE 22 M T RLS #J7#),
PAEAZ O A TF B (S CMRIPET ZEUSHA) . HAZOMETE TR0 LRt nl & 1 MR sh /125 0,
{RAELLZR 73 H e oy 1 UG 2 AR E SR R BR [4] [11] [28] -

4. EILEEERENNET PO

Fe R A RO AT NIRST SRR TR UL B35, JUR P B4 (S 5
SR VA MUAN % EARIBTT s, DARTHMEIA N IR BRI e Ao . AT VEARPELR ILAE N AR
T R B A

4.1. ELEHIOBENAFRPHSEE|S

2 i 75 03 8 (transesophageal echocardiography, TEE)Z: &%) LI ag i A, CNE S8 R
&4 (transcatheter edge-to-edge repair, TEER)F/:.0r 5 It J& 4 41 & (left atrial appendage closure, LAAO) ¥ #x
i TH. #FR/R, TEE Refeftma i Bg, Ko Sl E - mn i g, S0 FARHK
SiE. ltn, 7 TEER AR, #Enfk B & M\ 7% H(spontaneous echocardiographic contrast, SEC) 1 H
L, RUEHIGAR R SCH A, (HREIR /NI TE M A XS [18]. thah, =4EED)HER AN, LI T
SEI G A S PO B EUR, sk T e AL RE DT, T ORATELRIANAR e, JCH T = AR A an
Fr U s B B P T 245 VEA 28] [33].

4.2. VM5 FREFTNEISHT

5 i %} Eb ¥ 7 (transthoracic contrast echocardiography, TTCE)7E /it A RTZ W R IE I CAE T, T AT X
A 1 2 43 (right-to-left shunt, RLS) i, fil4n, 7E 5N R FLA M (patent foramen ovale, PFO)]i2 W
AR ] B R A, RN N B, U T O L RS 9] [11]. BT
U [a] 7 2 B A M IETF R R TR AR, Ak 1R I I A TS F0I[10]
4.3. WO ANPRThEEIEN S H & TV

AT AR, 2 i 3 3Bk i A1 (transapical beating heart septal myectomy, TA-BSM), S
G SRR PZRARADIE, CLEGE MRS F1 MO 2 RE, MR FARRIIR[34]. R, X6
F T sonothrombolysis (75 i ), RECCE Stk O UBEZE S5 1R o UWEE VT AN SR RF SR DI RE, Jolisb 70 s EELAG
R T A N5 TR VEAS (T it [35] -
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B, Feb FEEEAEN NRIT IS, A BRI 3D R RSN R, a7 MR A
/S T PARZEMEAT R KRG PIRRN T R & UL 67 455 [33] [36] -

5. IRBRMESRKSE

(—) BORJREBRYE: 1) ARE S5 SAR ST JE G P ot 27 0 3 0o 2R S A 45 ) (L 2 B ) O A A7
FEEG B0, BRI ST 138 75 (67% vs 98%) AL IER LR (85% vs 97%) [4]. LAREDh T30 %
7R PR R LR K [4]. 2) bR HRIESRE : Aot bR ST LS MU B 4% M s — T,
OB FE BT TR AR [37]. UHAE RIS T, AR T B AE R M S SR [38] . 3) T
PR RS EAIBRRRRCGL um). . ez, ARSIl O B R A5 TE,
LB SR IA Y7 ThAR[2] [39] [40]. (Z) AKTF: 1) ZHARHARKES: FFR BB EHA 5
SEE A IR E T 5, T 0 5 AR Sy W A O D RE VA AR FE7] [41] [42]. R 5O NERILIRIE
MSWTER AR, JCEE XL WUSIEER RS AL [6] [7]. 2) FREHAITR: BFRAUK IR MG, Wit R
A SCELRE [ 3 3% (W HL LT R AL 2454, T8 R vk B A% 5367 6K [2] [39] [40] . MRALIIA T2 E bRl LLGE K
S IRA L FIBIE2] [39]. 3) AP Szt I RS H LA 5 S T A O H AR LS
SOURE, BIAS UL IR TR R S b B B, B ARERSY CT AR 2 LA/ 48 ) 52 5 [38] [42] [43]. 4) A TR e
HEHA T MR R B 2 SRR [ BRI [ R R R 6] L (SEC)E 5 MM METE SR X 4, I/ A T s 45
Z£[18] [44] [45]. Z5it: URTHOAMSE D T DR M BehiueAl, SRR Tl R IS 750
LA ARG BB RSN, TR - D RE — PRAL ST At R B &2 7] [39] [46] [47]

6. &it

Je U P 2RI S AR AT AL JE AL UL (HCM) 8 2 e O 30 AR B (L apical aneurysm) 7 i 22 5 H s
JENE(98%), LT XS LUl A5 (R 67%), 50 MUE B ILAR(97%)AH 2, A g i BV Aiti A0 U 73 J2 1Y)
TR[4]. seAh, Frordm ot eyt (o) 7 8 AR (0 m] A R0 Ak A 1) 22 70U (RLS), - Un i s el e FE2 A
[10]. FESPNIRTT A0SR, = ZE2 (R A R SE R RS BORSRTT 7 REHERZ, T T O IR 45 K (B 2 0 3 )
SVHAH[33].
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