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Summary

To evaluate the intracardiac shunt, flow dynamics and valve regurgitation contrast method using
two-dimensional echocardiography was performed in 16 normal children and 34 with congenital heart
disease. Contrast material (1~2 m!/ of indocyanine green dye and 3 ~4 m! of normal saline) was manu-
ally injected into the peripheral vein. 1) In congenital heart disease with atrio-ventricular (A-V)
malalignment such as double inlet left ventricle, tricuspid atresia, single ventricle with common A-V
valve, contrast echoangiograms by peripheral vein injection clearly demonstrated the characteristic
intracardiac flow patterns which was of use to evaluate the anatomical and flow dynamical abnormalities.
2) In atrial septal defect (ASD) and endocardial cushion defect (ECD) with over 2.0 of Qp/Qs, an
atrial L-R shunt was demonstrated by a negative contrast echo from LA to RA in early diastole. In
ECD a negative contrast echo was shown in the lower portion of atrial septum just near the A-V valves.
A small R-L shunt at the atrial level was demonstrated in all of ASD and ECD cases in end systole
to early diastole which could not be detected by oxymetry. 3) In cases of tricuspid regurgitation,
contrast echo persisted longer in the right atrium and right ventricle, and back and force movement
of a contrast echo across the tricuspid valve was recognized by this method of peripheral vein injec-
tion. Contrast echoangiography (contrast study by two-diemnsional echocardiography) can evaluate
the intracardiac shunt, flow dynamics and valve regurgitation rapidly and be substituted for standard
angiocardiography.
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Contrast echocardiography # FvT, LEN
Wy oREIC FIHT 2 R, 1969 4, Gra-
miak 52k v sh, 1974 4, Kerber 5?2
IEMWEER T contrast FHFI RS RICIIHE N
¥, FBMME (i R @R IS HR T 5
LERL, LAEKOBENICER2FETHSC
LEWE LK. F0ig, Valdes-Cruz® % Seward
5Pk D, FKHENRD S contrast echocar-
diography iz X 2.0pPN&EAE, (L-PNILFEENHE © FFAl
Wt 2B EoFRAERRE S h, S —K%
{LELo2dh 3.

e, 2RIEMICUIEEEH L D LT 58FK
DEFEES- Y oRiEICL Y, OPEE, CEBG
X VIERICHIBTE3L5ICR>TER 2D
BEROWEEIC contrast FEEMAADE, O
PIIE L MROBARE FHEL X 5 & 5 RAaig,
Lieppe &1z X 2 ZRFMFIC 343 5 BWHIA
WIEENR BB H, LNEEREOBKTICHV 72
IR LR .

48], contrast IEICEFIRLHIEE ZMAED
&, angiography iR RE+T5Z LICX W UTF
DT LIZHOVTRE L 2.

1) LE-LERINRE T 5 LN

2) DA 520

3)  FWFIC K B B

FHx IIARENERD angiography 2@, b
LiMCAT&E 35T dH % L & %, contrast
echoangiography LBEA TV 3.

NMEHLVHE

HRIT=LFFA%84 5 45, double inlet left ven-
tricle 3 4], Mustard FEfifn» D-TGA 1 4],
DEPREXE 8 6, LRI 6 4, =RFpif
Wik ff-7 Ebstein &%l 4 ffl, 77 v —pui 4
B, EE16H0F 0FITH 5. FlIE®RTE
By M4EETcTHB.

FEZRBEHIR (& LTEFEFIR) AR

25—, AR 19 F—o D5 25—t THIR
MR L, ERF 2 — 7B L U=HiGR &R T
£ 2 —7Aic indocyanine green dye (LT
ICG) # 1~2ml AL, 3~5ml nAARTH
FALZGEEA L7z (double syringe technique).
FROWTERE & LW SSH-11A sono-
layergraphy # Fiv:, kit 8 S Vv xH 235,
163 ) v 4xm 27 BT 45— FICHEEETHE
L7z
WriEhriE i 1) KB, O=EPRE, MiERES
CEERMETE, 2) MOZ, FLE, FERER
ETAKEWE, 3) MAMLE & & KW,
) DREPED 7T e —FD4FHETREL .
HERIC, 4FRZREhOWE TR L.
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L. LE-LERINERECXY SMmiFLH

1) =LA (Fig. 1)

Fig. 1 gWE=EHF* S LKENEETH 5.

() ICGEARDOLHERT, AL c=RF
(ATRESIA), fiikL7<AE (RA), £E (LA),
= (LV), zLrcLzdE (IVS) ofific/h
snAE RVY) BiEgksh T3, ARLERED
i EPhE (AS) »EFsh iz

(b) FimElR: v ICG 2 AT 5L, =¥4
Bz contrast echo OHEIR T3 Db h 3.

(c) AFEIcHE L7z contrast echo (. EH
f@ (GPMIL) 2@ L TERICHE L .

(d) EFEICHIE L7z contrast echo (Zf8ig%H
o CAERIHEL, KERLEPRRELR
> T/hEARIIHE L.

PEDX iz, KMBFBIRLvEASHE ICG
i, contrast echo L LT, ARE—EE—LAZE—
FEOIRICHI L .

2) Doulbe inlet type ¥z (Fig. 2)

Fig. 2 3fiEEH & & LK EHEETH 5

(@) ICG mAmiOWIER <, fF (RA), £F
LA) officbETH (IAS) 2it&sh, =R
#¢ (TV), g (MV) oFmEESH bhl~c icitsk
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Fig. 1. Tricuspid atresia.
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After peripheral vein injection of indocyanine green dye, contrast echo appears initially in the right

atrium and then in the left atrium through interatrial septum. During ventricular diastole, contrast
echo appears in the left ventricle through the mitral funnel and appears in the hypoplastic right ven-

tricle through large VSD during ventricular systole.

ATRESIA =atresia of tricuspid valve, RA=right atrium, LA=left atrium, IAS=interatrial sep-
tum, MV =mitral valve, RV =right ventricle, LV =left ventricle, IVS=interventricular septum.

Eha5, LEPFITHEEIAT, Bo= (SIN-
GLE VENT) ic/ » TV 2D b 5.

(b) EM#EIMRE Y ICG %A+ 2% &, con-
trast echo ¥ FEBEICHBE L TV 5.

(c) AFIcH# L7 contrast echo k=44
AL, BOENO=ZRAMICHBEL 5.
(d) =Ml IR L7 contrast echo ¥
DELRBL, AF, BLESEKEEN58, £
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Fig. 2. Double inlet left ventricle.

After peripheral vein injection of indocyanine green dye, contrast echo appears initially in the right
atrium and then flows in the single ventricle through the tricuspid funnel. Left atrium remains as
an echo free space.

RA =right atrium, LA =left atrium, IAS=interatrial septum, SINGLE VENT =single ventricle.

BB % U TAERHZ 1T echo free space #3551 T VENT), #mpEzEF (common A-V valve), H
Vb, %Y, LEMEE intact TH Y, LE > (common atrium) NERFIN TV 5.
TOEIIR T ENDN S, (b) kigFIRE v ICG #EAT S L, con-
3) Common A-V valve o B (Fig. 3) trast echo (HHLOERNICHE L.
Fig. 3 BWMESF* & LRFEWHEGTH 5. (© 2w, HEEEF M- CTHLENICH

(a) ICG EARTOWiREM <, B E (SINGLE iz
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Contrast echoangiography i X 5.2l

Fig. 3. Single ventricle with common A-V valve.
After peripheral vein injection of indocyanine green dye, contrast echo appears initially in the com-
mon atrium and then flows into the single ventricle through common A-V valve.

(d) Contrast echo [FBLOLER, HOFEMICIE (b) FKi#plR: v ICG %@\ A+ %L, con-
Mo TV 5. trast (& buffle Wiz I+ 5.

4) Mustard Fifis o D-TGA 55 (Fig. 4) (¢) v, buffle jyo» contrast jZ{2Ig5 %

Fig. 4 qWBEEf &S eAFERHEE TH 5. o TEECHE LT, 5.

(@) ICG EANIOWIER <, LETREERED (d) Contrast PP L T 5.
sihd, buffle vz a—-pREgEsh Ty 5. ALE,PGEASAKL ICG 13 contrast echo
A (RV), kz (LV), LsEPlE (IVS), =R ELTESERNK HB L 2% DET mFEs
(TV), fgigsr (MV) pigsh v 5. switching STV 2D b 5.
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Fig. 4. D-TGA after Mustard operation.

After peripheral vein injection of indocyanine green dye, contrast echo appears in the atrial buf-
fle and then appears in the left ventricle through the mitral funnel. On the other hand, the right ven-
tricle remains as an echo free space.

RV =right ventricle, LV=left ventricle, TV=tricuspid valve, MV =mitral valve, BUFFLE=

interatrial buffle.

2. DAEHEDDE (LV), =4 (TV), figH (MV), =D
) LAEKRO R ERES (Fig. §) (IVS) »aiegTc& 5.
Fig. § Q=R EETLKTEMEG TH 5. (b) skglRE v ICG %A+ %L, con-
(a) ICG EABTOLWIMR TH 5. B (RA), trast echo XAFECHET 5.

R (LA), OREHIE (IAS), £z (RV), #£% ©) BB, ORI > TEE T 5.

— 680 —



Contrast echoangiography iz X 2.0, 102 NT

2)

Fig. 5. Normal case.

After peripheral vein injection of indocyanine green dye, contrast echo appears in the right atrium
and then in the right ventricle through the tricuspid funnel, while the left atrium and left ventricle
remain as echo free spaces and they are separated by IVS and IAS.

RV=right ventricle, LV =left ventricle, RA=right atrium, LA =left atrium, TV =tricuspid valve,
MV =mitral valve, IVS=interventricular septum, IAS=interatrial septum.

(d) Contrast echo (45%, AEICFEML, O (a) 1CG mARoWiER T, HE (RA), £
BEHE DEFREE R clear ik, KR, B (LA), =4 (TV), @igsH (MV), A=
A1z i3 contrast echo (338w 7e . (RV), £= (LV), L=dig (IVS) »iEsEsh,

2) LEPEXIA (Fig. 6) OESRE (IAS) @igshc L &h, LERREXE

Fig. 6 WiEEM% &Lk EWEEZ TH . (ASD) pibon 5.
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Fig. 6. Atrial septal defect (ASD).

After peripheral vein injection of indocyanine green dye, contrast echo appears initially in the right
atrium and then in the right ventricle through the tricuspid funnel. Interatrial L-R shunt is dem-
onstrated by the negative contrast echo in early diastole and small R-L shunt is demonstrated in end
systole to early diastole.

RA =right atrium, LA =left atrium, IAS=interatrial septum, TV =tricuspid valve, MV =mitral
valve, RV =right ventricle, LV =left ventricle, IVS=interventricular septum, ASD =atrial septal
defect.
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Contrast echoangiography 2 X % .0t

a)
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Fig. 7. Endocardial cushion defect (ECD).
After peripheral vein injection of indocyanine green dye, contrast echo appears in the right atrium
and then right ventricle. The negative contrast echo is shown in the lower portion of atrial septum
just near the A-V valves in early diastole and R-L shunt is recognized in end sytole to early diastole.
RV =right ventricle, LV=left ventricle, IVS=interventricular septum, TV =tricuspid valve,
MV =mitral valve, RA=right atrium, LA =left atrium, ECD=endocardial cushion defect.

b) sEM#EkE: v ICG ZE A+ 3 L, con- contrast echo 23E0§ECT& 5.
trast echo Z45E, AFEKCHE LTV 5. (d) Early-diastole {2i3 (3 CD E-HEKD
(¢) End-systole 7s& early-diastole {22013 T, 7=, AEPICELko negative contrast echo %
U COA-LEEHM OrbkRE, EE /D io B 5.
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Fig. 8. Tetralogy of Fallot (T/F).

After peripheral vein injection of indocyanine green dye, contrast echo appears initially in the right
ventricle and then flows into the left ventricle through ventricular septal defect. During ventricular

systole, contrast echo appears in the aortic root.

RV =right ventricle, IVS=interventricular septum, LV =left ventricle, AO=aorta, LA=]left

atrium.

3) AlERxE (Fig. 7) WRIR (ECD) s 2 5.
Fig. 7 gWEER &8 LK EWHEGTH 5. (b) FMEIRXv ICG #@EA¥+ 5 &, con-
(a) ICG EAFOLBRBR T, =L (TV), trast echo W HABEICHIRT 5.
fatgH MV), Az (RV), £z (LV), s (¢) Early-diastole |zix L35 T E-AHEHD
fg (IVS), LEdlE (TAS) Mg, LA =%, HEPIC negative contrast echo % 3%%
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Contrast echoangiography (Z X %.0PNIMLEE2ET

a)

b)
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1a0 . ool
Fig. 9. Ebstein’s anomaly with tricuspid regurgitation.
After peripheral vein injection of indocyanine green dye, contrast echo stays in the right atrium
and right ventricle for a long time and back and forth movement of the contrast across the tricuspid
valve Js recognized.
RV =right ventricle, LV =left ventricle, RA=right atrium, LA=left atrium, IAS=interatrial

septum.
525, LETRRIE (Fig. 6) ek vEER 4) 77 a—m (Fig. 8)
CIEVERY T, ZRIPF AL > TV 5. Fig. 8 X kKBhIR, MEF % &L Eillim
(d) End-systole #:& early-diastole (=23 C, BThs.
DB COA-ELEKO 2o £, k%I contrast (@) ICG EAHIOWIRBH THLD. KEAE
echo %38 5. (RV), KWk (AO), /h&riekz (LV), EB
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::IJ:IEJ) ﬁ'*]v *ﬁfk, [E3/

(LA) »iiggah 5. KEHRAIBED O = [F 2
override LTV 53D bhs

(b) skM#IkE v ICG #@EA+ 5L, con-
trast echo [ZA=EICHERT 5.

(c) Contrast echo T A= » b.0EHEKIBLY
WoT, ERICHET 3. K#RichbFaHEL
T 5.

(d) ZE=»oKBRICHET 5.

3. FFFICxHT B8 (Fig. 9)

ZRFWFHE oI TR E A VHET, FE
EREFUKFEHHEGETDH 2.

(@) ICG HAKMOLBIERTH B2, =RF
LR (STL) RLRE(FH) LT 50
Bbhys. ERE (LA), LESE (IAS), g
MV), #kLzhE (RA), £= RY), £=x
(LV) »igg & 5.

(b) FEMEBIREY ICG #@EA+ 3L, con-
trast echo (3 FHREICHIT 5.

(c) Contrast echo ZEEN =R EFE-T
HRICHET 22, 5B, AZ ToOEHKEMIR
{, =RF% contrast echo MEET 2 D 2L
TE&E /-

d) %7, DETOA-EEKOLY, ERE
2z %, contrast echo DHIA&#ZE» /-.

z E 3

BERLOWEIC contrast (% fiL A bW,
angiography §y74%3¥ # 4+ % Z & it (contrast
echoangiography), #RIERIELKBICE T 5 1M
MEZWrict L, 2E¥nk 542 EHREFTS LEX
bha.

L LE-OEEFIEE KT 228
ZRFAREDOYE, Uk, AE» 5O angio-
graphy ic k b BB Bl A ShTwi. L
L, REETO L, B BAHLE=LFEHE
BLA21L, FRFICLABELZBETE, O
wY L ko BERsSEESEic& 5 (Fig. 1)

B o4, common A-V valve ¢ double
inlet type DHFERH Y, SFHEEEEZ 2 S

ZCEMNEEST 5. ftfk, angiography, M £ —
Fhza—Kick YL Tvieh, BEFOFE
EEBET 20 REEFROEIEE® L Y £ 0fF
WrHx2T<{h5. &biz, contrast Tz fNx 3
L, common A-V valve D4, FHEIRL »

ICG 2FAT 3 L, BREHROBDMAEL Y HLE
PNL{fic contrast echo A3 HLAS > TV LK DITKHL,
double inlet type DA, BERIL2ME(ZLRRH
LIGIESR) B TE, ZO=LFHM L Y contrast
echo BELENIZHEA > TV DOABIE S h 3.

Z @ contrast echo DL b J5 (IHERERAL) DI
X VERIZW »RIEETH B. i, EREIC echo
free space ZE L TV 2 0ENT, HLETH

PLEHREL intact ThH B 1R TE 5.

7z, DAEEY L OBGRSEEBETE 5.

Mustard FEif§g o D-TGA 04, LETO
MmFE D switching 235 F Vo TV B Hh Y 5 7,
BRRMIC LB T& 528, REERITHIZ LIk D
%%&é%mﬂ%raé.oiv,kwﬁmma
HA L% ICG 28 buffle % il b AR BT
HONEIERTES. ZDOFTRIE criss-cross heart
THRIBET, itk Bbh 5. £ 7= buffle
2 leak BH B0 E D) MRS TE 5.

BlED X 5, LAHEEY L i ishiE o B
EEHERTE, ko angio i\ 2 Y v F2H
pLE2ABNS.

2. DRERICITT BEEHT
FRDRPBaL T2 NEE EALR S
FD =y b7 2 MHREMMER BB T 5 L
%43z L XYy, contrast echocardiography i3
ARk o T FRe FkTh s L,

E-AERoOZHNICIEETH - 7.

AREEZITH>Z LIk ->T, LEPEBXRIE, OH
JEPRRHB T, LFE TOE-HLEM % negative con-
trast echo ¢ L CHHE &=

Qp/Qs>2.0 o.LEFREKIE, LPBEXIE,
£fIz negative contrast echo #E%, *0DEF
fHix early-diastole T& - 7.

7, DAERKXKEDEA

, negative contrast
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echo DB LEPRRIBX VFEERICE
{, ZRFFAEIKHE> TV i

DEHERXRE, ORBEEREXBO 24, O
saturation TR TE RV IE L0 VRO A-EE
WEE», FOEfHIZ end-systole 725 early-
diastole iz iF TH LT

Control # (E##) TidL=EDRE, OERRE
Riz, BFE, A=lcDH contrast echo 3w,
negative contrast echo {324 S hvo 7z,

kDX 5, NETOE-HERKE negative
contrast echo k LTHIETE, LEPEXIEA
DABRXBOBENIC FR2FETHS. X,
WiH DN %+ 244, negative contrast echo
OHBT 2L FREBIRT 2 LPEETDH
5. ¥l, DEPREXE OABKKIAT, +*
VA= —TRETER B EDSRDOA-KEH
HEBEODZ LIRS IR THD.

3. TSR BEHR

SRFWTRICHT 5 2HIE, Wk, FELLO
angiography {2k D 2 &h TV ieh, ZRkHLid
LTRBINT—FNERFHFAT DD, B7—7F
LNOEBRAL LN, £, ERAOBEEADK
DORBROFAET, AT ZLRFHEFTAE S
h3 - OREEZSHPRELEELH 5. ZZ T
HEITH &, AL (A, A%E) TO contrast
echo DEBFEIAEECC L, ZRFL EH LI
contrast echo DAEEMRA BN B Z L LY, B
MBAJEETH 5. ZDFTRIE, Lieppe 520tk
L7z, FA#Ric contrast echo OWifEiais b
5z L, ZRFEHLC contrast echo D
BHLADZ LigY, WADOEBRLILFR LX<
PlTv s, 20X 5, BT EHEAIORE,
BEBEAC L 368, 17 —FLOREBER
Tz L2 CcX, false positive 72 <+ L
T& 5.

Contrast echo DRIz >V TiE, Fraid L
CIRIBRF L TR, MK & EAYBEOTESE
BA o E—F 203, B B o EL ik micro-
bubbles 7 Y DB ERE 2 5T 5. Kremkau

Contrast echoangiography |z X 5.0 ik 2t

5133 cavitation IS contrast echo DFF4
W&z, 7 Weinstein 5934 X DERT,
indocyanine green dye, [REE/K, RV R, =
—F AR EIAKRL T K yFE L v v contrast
echo 18 5h, zhix ICG, REEANRZHHEE
THEOWMRIOEEETH L, RETR, =
— 7 AREARRIC Jialkd 5 Z &4, Zo con-
trast FpRIC EEE Lo T ERELT3. L
ML, Z® contrast echo DFAERIATH S
», SHROBRFRLELEbR 3.
& E3

1) #EEROWIES, L contrast Hiidb
+#, angiography {J7: 3 R (contrast echoangio-
graphy) 175 Z LItk v, HREERMELERK
%t 3 B M2 A FTRE T b - 7e.

2) LG Lo BfRS EEBETE,
L OVHEEOBVCEEIAARETH 5.

3) Qp/Qs>2.0 D.LEFMEKIE, LPIBEEKK
DO LE TOE-AKK % negative contrast echo
LLTHRBTX . ZOWEEIE early-diastole ¢
HoTte.

4 LBETREXIE DAIERER K18 0 £ 46 i,
end-systole & early-diastole (z4iFT, V&
DE-EHEEERD .

5) ZRFWFROBHIZK L, KEFHIRE YA
BEfTHIZLicky, £EMRE cBE T &,
false positive #72 < +Z LA TX 3.
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