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Summary

We perfomed five experiments on the source of the contrast echo, including the attempt to measure
the sound speed of the injected fluids. The conclusions obtained were as follows:

1) Experimentally, the difference of the acoustic impedance was able to be the source of the
contrast echo.

2) Within the heart and vessels, however, the blood and injection fluids failed to maintain the ideal
and clear boundary surface for a sufficient time, because of dilution and stir of the blood flow.

3) 'Therefore, clinicaly, the difference of the acoustic impedance was unable to be the source of
the contrast echo.

4) Micro-bubbles mixed in the injection fluids and injection equipments were the main source of
the contrast echo.

Based on the experimental works, we contrived the new contrast methods of ¢ micro-bubble in-
jection technique ” and ‘‘ micro-CO; bubble injection technique ”’, which we tried to use in 172 occa-
sions during left heart injections in 54 cases.

By these methods we could easily take the echo-filled view of the cardiac chamber without false
negative finding, so that we could evaluate the regurgitant or shunt flows in detail. We are convinced
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that these methods are feasible for everyone and very safe in every kinds of diseased state including

rightto-left shunt.
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Fig. 1. Equipments for the experiment 1.
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Fig. 2. Equipments for the experiment 2.
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These are for measurement of the sound speed of the injected fluid.
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«Fig. 3. Equipment for the experiment 3.

An ideal clear boundary surface can be established,
when human blood is poured on the distilled 76%
Urographin very gently.

— X U RADFERIT T, %25 Lz contrast echo
DT a—ICRY I ZErERFT B0, 27
kg, 14kg oHEfERA 2 B & HV B IR E (T -
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FEFEETAT—7TBLUOKRT rnA F7 4 LAY
LRI Lz, #7—F 1k NIH 8F v,
TR EAKREEFIRS X O LE A A ERTICE &
HFRIAEARFK 10 ml 2EA L.

174 &
1. BiKksTO contrast echo (Fig. 5)
ekl &K iU RIa 2 G KR EEAT S &,
)L “*7 277 vz a—3HH,
i B R L, IR RlE L e iERK IS
CIRNR T MEUKEEALTY, ZToEALR, HEA

Fig. 4. Equipments for the experiment 4.
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(b) Water contained
micro bubble

(c) Same Temp. (d) Cold distilled
distilled water water

Second injection first injection
(e) ICG

Fig. 5. Contrast echo in distilled water.
When cold distilled water (0°C) is injected into 20°C distilled water, contrast echo appears.
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17001 / 1.5

IR b o 7o (EB 2).
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4. FA#OTa-—E (Fig. 8)
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Fig. 6. Relationship between sound spezsd (solid line) and density (dotted line) of the

injection fluids.
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X » 0
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Fig. 7. Relationship between acoustic impedance (solid line) and reflection rate (dotted
line) of the injection fluids to human bloed (40.7°C).

h, ZORE==—i1F 80dB THIMRIc HRsh
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5. m#&$TO contrast echo (Figs. 9~11)
BT OFRT S0cm 2 oMY SR
KEEATZE, Fig.9(@) o ZL<3@HIc=
a—3FEH—IC2 Y S4HLIEY contrast echo
AHELZ (). L2rLEKI 200 074 0%
—EANB L, (d)D T L < EF TSI contrast
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HidoDEATE, Fig. 11 o 2L (v FhofmE
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6. H{KANTOD contrast echo (Fig. 12)

KEBFEARD & D FEA T, @) O & LUK
HWEEFLERKTHHR 437 contrast echo 3%
gahi AFEATE, MKCHLL - &K
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ECHO LEVEL
£ 0 40 80 120 (dB)
! r =

} it }

Blood
ot - .3
(76% .......................
'Urographin
c : § Gl il
S A-mode (logarithmic amp.)
Complete
AWAO. ] reflection
Blood in AO. \ body
PWAO. >
Blood 'm LA.
PWLA. >

Fig. 8. Echo intensity of the injection fluids.

The surface of human blood and 76% Urografin (reflection rate 0.14) is represented by ““ 80dB ”’,
complete reflection body 110dB ™ and posterior wall of left atrium ‘ 50dB ”.
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(a) immediatly after
(injection)
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(c) 5min.

Fig. 9. Contrast echo in blood flow produced by injected saline contained micro bubble.
Contrast echo is observed for a long time. When the 20, filter is placed in the circuit, the echo
disappears immediatly.
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(a) 10 rpm

10 rpm

()
Fig. 10. Contrast echo in blood flow.

769% Urographin

(d) 50 rpm

Injection from 10 cm distance from probe is performed.
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(a) 10 rpm Saline

(b) 50 rpm

(¢) 10rpm 76% Urographin (d) 50 rpm

Fig. 11. Contrast echo in blood flow.

Injection from 50 cm distance from probe. At 50 rpm, no effective contrast echo does occur.
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(a) micro bubble FVinj. (b) 76% Urog.

X :
SR < Villiin

(¢) 769 Urog. RAMI (d) 50% Gl.

Fig. 12. Contrast echo in man.
When 769% Urografin is injected from the right atrium, faint contrast echo can be found, but

immediately it dissapears.

Fig. 13. Micro CO, bubble injection technique.
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Fig. 14. Patent foramen ovale (PFO) (2 years old male, L-R shunt=09).
Left (control): Catheter (Cat.) is placed in the left atrium through PFO.
Right (LA injection): There is no contrast echo in the right atrium. This finding means absence
of L-R shunt.

Fig. 15. Atrial septal defect (ASD) (16 years old male, L-R shunt=579%).
Left (control): There is a large central type atrial septal defect.
Right (LA injection): Contrast echo is found in both left and right heart.

3!

R

Fig. 16. Ventricular septal defect (VSD) (9 years old male, L-R shunt=619, R-L shunt=09%).

Left (control): Catheter (Cat.) is placed in the left ventricle by left heart catheterization. There
is a 2nd type VSD.

Right (LV injection): Contrast echo is streaming from the left ventricle to the right.
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«Fig. 17. Ventricular septal defect with pulmo-
nary stenosis (1 year old male, L-R shunt=37%,
R-L shunt=119%, RV-mPA=80 mmHg) (RA injec-
tion).

Contrast echo streams from the right ventricle to
the left through the VSD (black arrow). The stream
is found mainly at diastolic phase.

il ununn‘nnn -, e

Fig. 18. Tetralogy of Fallot with aortic regurgltatlon (7 years old male, L-R shunt—160
R-L shunt=259%, AR=4°)

Left (control): Right coronary cusp (RC) is markedly prolapsing to the left ventricle, so that it
seems that the cusp is closing the VSD particularly in diastle.

Right (peripheral vein injection): Contrast echo streams from right to left ventricle mainly in
systole. There is no mitral regurgitation.

; .4;l!thlg!gni§§m :

Fig. 19. Atrial septal defect with part1a1 anomalous pulmonary venous return (34 years
old male, L-R shunt=45%).

Left (post-op. control): The patch was made to lead the flow of the anomalous return in the
right upper PV. to the left atrium. The right atrium seems to be divided into two chambers by
the patch.

Right (peripheral vein injection): Contrast echo is filling only in the upper chamber.
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Fig. 20. Right atrial myxoma and slight tricuspid regurgitation (42 years old male).

Left (control): A large tumor is obstructing the tricuspid valve ring in diastole.

Right (peripheral vein injection): In systole, contrast echo seems to be regurgitated not by the
enlargement of the ring but by the traction of the tumor movement.

Fig. 21. Tricuspid regurgitation (22 years old female, RA (v)=39 mmHg).
Left (control). Right (RV injection): The echo is streaming from the right ventricle to the atrium

and the echo is found for a long time.

«Fig. 22. Tricuspid regurgitation with mitral
stenosis (61 years old female, RA (v) 17 mmHg) (Pe-
ripheral vein injection).

In the hepatic vein, we can observe that the con-
trast echo (black-white arrow) is moving to the distal
portion of it in systole.
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«Fig. 23. Aortic valve stenosis and regurgitation
with mitral stenosis (30 years old nale, LV-AO=
70 mmHg. AR=3° mitral orfice diameter=12 mm)
(AO injection, diastole).

The left ventricle is filled with the regurgitant echo
to the apex, and it is found for a long time. The mi-
tral orifice (MO, white arrow) is found by negative
shadow.

Fig. 24. Aortic regurgitation and mitral stenosis (34 years old female, mitral orifice diameter
=6 mm).

Left upper: control.
Left lower: Ao injection, diastole.

Regurgitant echo is filling the left ventricle from the upper to the middle portion of the ventricle.
Mitral orifice (MO, white bar) is more narrow than in Fig. 23.

Right (systole): There is no contrast echo in the left atrium, indicating no mitral regurgitation.
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Fig. 25. Mitral stenosis with aortic regurgitation (45 years old male, mitral orifice diameter=
10 mm, AR=1~2°).
Left: control, Right: AO injection. Contrast echo regurgitates only to the outflow and immediatly

disappears.

Fig. 26. Mitral regurgitation and aortic regurgitation (22 years old female, MR=3°, AR=2°).
Left upper: control, Left lower: AO injection, earliest phase. Regurgitant echo is streaming down-
wards at the beginning.
Right upper and lower (following phase): Regurgitant echo is spreading to all area of the left ven-
tricle. And then, the echo is streaming into the left atrium (white arrow).
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Fig. 27. Mitral regurgitation (29 years old female, MR=3°, PCW (v)=24 mmHg).
Left (control): Catheter (Cat.) is placed in the left ventricle.
Right (LV injection): The left atrium is filled with the regurgitant echo immediatly after injec-

tion.

Fig. 28. Mitral regurgitation (50 years old male, MR=3~4°, PCW (v)=42 mmHg).
Left (control): Ruptured chordae is found at the tip of the anterior mitral leaflet.
Right (LV injection): The large left atrium is filled with the regurgitant echo immediatly after

injection.
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L ¢ 0.03” Liote B3 T, MEHCK
HRNLEZD L, kLo LLEVEAFL &
NTEAERKS ICGHRIEL - &b “ Ry ”
bDTHY, 0% 7 Ky 76% v '3
TAUBRCZ ERDbho. Eldfk L ICG
M FREMTIE L A EER R b L
7zv (Figs. 4, 5). f;:mwz DI L 7= T A
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2, MEkA EINRETCORNRH 50 LBbh
5. Lizdo THAEENTIKS 20dB tRRsh
T2 ehn, HEKohEy +13dBox=a—
WEE, Tbb 33 (12E 30) dB o sl
HiF contrast echo JRicizZr v z 2z dichky,
RRic#E+ 2 &, 20log R=—30, R=0.03 1
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B, ZHERRS N TF—F AVEDOEARICEBEAMN
ET5MNKRIEERE R 5. SEIO—EDOEERD
bk, AR L (R E LT, ERMICIEE
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EgE YFEcond, ICGC AREHEICER
KieT77vvatdsHEYY, Btaks 75
v ¥ al v 35EY, ERkE TERKILEE
5L RBHEEEETEAT S, HEDWRER
#HExHh, Fx bLETD contrast-UCG JfifThe
WiR=4#ERiIcE Y ICG LARKE SR EEA
T2HEP EIToTEk. L LERMKICT -
FOERPBAKEEFE RSN TrLE, EAR
CBRCBARET MINKIICEY, BEAKS
Yo “Cavy” RET L EAFHLY, —EOM
INRHEEALRE ) EFRILE X, BUhRaE
A, fEHWUNREEN AEABEER L. EE
AT, HERIT-o-THHRECEDLRELL
contrast EAKSHIC Hoh B, false nega-
tive DFTROZ®H, Wi F bICRERE 2 KU
®BZEnBLRY, BaxOHRETET TITLIE
HF—FANREHOLF—UREL LT, £/kA
EHARBE L LTEBLTY3. 2o ER
HEEA =, IR, SR OIAIEEITIE, EALE
DFMEGEH 5 2 L BLMEEY & FRICHESR
HrEzxzohzn, ZoEATLEARRIENTSE
LEZS RBEEATHIZ LI LESE LS
HELHBTHAHHH, O FEARIER 1~2
mm, 0.005~0.004 m/ REE cHv, D& T
0°C nffafnk 5ml 58 30°C 127 s Ic £ T 3
SR 0.62ml X yixszsricdbiv. £AR
BICIE & A CIRIMRREA BB L CEAT 5
b, TOEABREFTIMY o LLLELS.
EERADELREAEFLE LIEEEOEAT
b, EoKBRETh 7. KREEWN REAN LI
LTEREEMNELEY, HE 3mm BT+HT
by, e LALEIEATIE false positive 24
50BNV, LU IREBVREATELRS
contrast echo If/NRIBEAED = a—F
TFHEPECEIRR D Y, SEHRRFTOER D 5.

EERIRERICDWT

1. RO

“ gk " (Figs. 26~28) icovTix, #
WD FAETNL & W), FEHIC X 2B EEOR
DEARIE L L LIBETE 5 ANERYTHY,
Fx ORBRTIE, RAEEICH S & 5 LB OB
O, R ICFOLESER L ) bFERICEX 5.
F 7z, DREA S D 4 chamber approach # &
Tofhx 7278 HE L contrast echo #1795 Z &
AL Ex bh 5 (Fig. 28).

“ KEpiRFeigs ” (Figs. 23~26) 13z DERM
A2 i3 3 b iRl o R, KEIIRIEE & DXt
WRFRE L Bbh 3. ThbbIEERD 1 ER
¢ ¢i contrast echo TIZ KEIRFATic= =2 —»
TENICHRA BT CE b wash out X h,
2 v = — i AR 2 R <Rz T8,
DREE TR 5 2 Lidiv (Fig. 25). 3~4
TRz a—@LRBE CEELEERBL,
{ wash out xh#i\v (Fig. 23). FHHEoE
DLW BB SRR R AR TR 2 R 2
T EDBHIHOBNEBET 3DICARTH o .

“ =i (Figs. 21, 22) iz o\ TRKA
LODHED LBy, KREFIREATLESICFE
MiT&E3EBEHTHY, FrDRBRTE, ek
IRFKAE T OREH m~8h < Hf = = — H3IEE I B
kb TR CTh -7z (Fig. 22).

2. GiROFM

WbEEKk o i BT » 5% Z Lk contrast
UCG T Tt sh T2 L 2P Th
% 5. L L contrast echocardiotomography <
i, EFITRLEZE L, ZOEEIAL, Sk
= v DK, RHEMBESOMEER L Y —E
KHEThY, VSD+PS iz THIEH I £ <
OWERBEL T3 Z L (Fig. 17) L5, T[F
+Al iR b ICIUEEIC HEgksE LT3 Z
L (Fig. 18) 2 U N X KB TE . EDLAAS
v F R 3 ERTRORE Iz, Sy FoR
flEr Ab® T Eko AL Bl T& 54 (Fig
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19) REbHTHINTH 5.

& E

1) BEAKIOEERE, FEA L E—Fr20
BHEE DS SOEMER, BMERS X OERK
EERICHSE, ERMICETES v C—F I rE
D H T contrast echo JE L7 0 5 B Z & AVHIHA
LS, H#Ee » EERMCBELTY 5 con-
trast echo BT echo JEix, AR, FEAHIC
BAT3&HTHD LELDNI.

2) FaoBELE “BUIKEEAL”,
SUINREE T A AR " TREBMEIC B Kb
Bk, =0 “EAREESTTARY T, ¥
Sl BRETH B LS iz

3) Contrast echo ®» echo JERRIATHZ &
ExpL, OB HHLEEE LS IMTO
FH LR TH 5 LEXDZ LICIEPEER D
D, SHOMMNEETS. L LEORKE, 5
kbEFE R, AMEICRLEI L ERELLFE
RV, AREEIEE~OAENEDDT
Pl wBERRELETHI EELDNS.
AEBRIC M) SR TEEEGD D £ L2 BFKRT
¥ WA ERRICEEH I LET
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