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Evaluation of left ven-
tricular function by dig-
ital subtraction angio-
graphy : Effect of dose
and administration mode
of contrast medium, and
comparison with direct
ventriculography
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Summary

Effects of contrast medium doses on left ventriculographic images using intravenous digital sub-
traction angiography (IVDSA-LVG) were assessed. The validity of IVDSA-LVG in evaluating ejec-
tion fraction (EF) and left ventricular regional wall motion was determined by comparison with con-
ventional left ventriculography using direct injection (direct LVG). The advantages of left ventriculo-
graphy using intraarterial subtraction angiography (IADSA-LVG) performed by injecting small doses
of contrast media directly into the left ventricle were stressed.

1. To assess the effects of doses of contrast media on IVDSA-LVG, 10, 20, and 30 m! Urografin-
76 were injected into the superior vena cava in 16 patients, and the resulting images were compared in
each patient. With only 10 m/ contrast medium, left ventricular opacification was fairly good, and
regional wall motion was evaluated in many cases, but 30 m/ were needed to calculate ventricular volume
and EF.

2. To determine the validity of IVDSA-LVG in evaluating EF and regional wall motion, we
compared IVDSA-LVG using 30 m! of contrast medium with direct LVG in 18 patients. There was
a good correlation between the two methods in determining EF (r=0.877), and 909% of the interpretations
of regional wall motion were in agreement by the two methods. IVDSA-LVG was useful and accurate
in evaluating EF and regional wall motion of the left ventricle.

3. IADSA-LVG was performed for five patients, and good quality images were obtained in
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many cases, even with relatively small doses (10 m/) of contrast media. These results suggested that
this method may be used in cases with impaired LV function, to avoid hemodynamic derangement
induced by conventional direct LVG using large doses of contrast medium.
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Digital subtraction angiography (DSA) 1%
LWDIILEROEGRBEiEL LTERSA TS
2, B, FOWENMERIIFERATWEZ LEF)
RAL, EZENICHF—F L EBAET, BHIRE
DEFFBEEICX 5 DSA 2 v, EZEDOFE
BIUBEOFMBITRbI B LIk >TET
vy E)I"S)-

BR#RtE DSA (intravenous DSA: IVDSA)
ks zh 60, @E 30~40ml Lwn
5 WBHIRE, P oRmBBEERAINFERSAT
W3 RLBLSD SR KEER &tz LRk, ¥
DR TEHEEABROBEN Y, SbICER
RlE D %D H DSA Eithis & OLCHERE © 3740 125t
L, LX) REBEEXZNCOVWTHRIIL
HEZTRY SR

FMEOHME, ZhbozZ LickiteEmis
bz, EERRE, #EETEckT s IVDSA
DERMEIC T2 Bx 0 BRE BRBZLTh
5. ¥REBEHR B L0 EEEE O FHiiic o ¥,
IVDSA iz x 3 E=#&#E: (IVDSA-LVG) ¢,
VABEICLBBE O EELEEER I (direct
LVG) &% et Lic. & it EOERNICHTE
ALTenF—FE@BL, VEOERAEZEAL
TELh-EEkYE: DSA (intraarterial DSA :
IADSA) iz k 3 £%%# %k JADSA-LVG) &
‘oW T HLRET EINA .

x4 Ed

Bl LREEEEDN, DEY T — 7 VRERN
fThebhiz 25 flicswvwe, direet LVG B LUt

IVDSA-LVG oWFxfifiLiz. 29 b di-
rect LVG icBX LEISMRAEZ BB 72 341, B IO
DSA ERBHROMOGIOHOERIEL, &R
BRI B ol 4% B E, 184l 45E
DRFBAHRE Lic. 27, Zo 184t 5 fliciz,
DY 7 — 7 VIRER, EENICEAShEYT
—7EBLIVBROEFFEEALT, JADSA-
LVG ##Ef7L 2.

18 iz 54k 17 41, &1 4T, 4ElHix 37~66
B EHSlEchor.

KBLHE

M L7 DSA #8813 Philips o (MM
WrikfE Poly Diagnost C iz3£3%5 L 7= digital vas-
sular imaging (DVI) system <, U-arm 4L
TW3.

X #BRASEE 1 Optimus M200 (H45 125kV,
3000mA) ©, X#BEILHAAR 500kWs, #a
# 800,000HU L kAREZAL, EHROKESIZ
0.5,08mm Th 5. WHAEHS (II) i 6.5 inch,
9inch DEIFEMTFIETH Y, BEHEEF (TV 2 35)
iZ Plumbicon #{#H L7c. Analog-digital Z#
2 (A/D converter) {3 8bits, 10 MHz, digital
memory size {3 512x512x 12bits ofkgEZ H L
TW3. EffopEHiIz 8bits (256 f£3H) <, ana-
log storage % video disc iz 300 {&it4 % C&E ]
ETH .

FEBOT vy s 4775 ik Fig. 1 1R
FTIELTHB. YRFLAR AN S XK
TV » 6 o video {F53HiERIC & v ikl
&h, A/D converter iz X v digital {b&xh 3.
Digital {b & h7cERFEAROBES (mask )
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Fig. 1.

Block diagram of Philips DVI system.

A/D converter —analog-to-digital converter, D/A converter=digital-to-analog converter, A, B=

TV monitors.

LIERAEAB OB, 2ADR~ o digital sto-
rage IZEMEEh, avPa—F—2 X YV HE,
ERULEE 23T iy, subtraction X iu7-[EfRiX
B D/A converter iz X v analog {b&h, TV
Fo s — LicBE SN 5 LRERIZ, video disc R
video tape iz 3 %@ L 7.

IVDSA-LVG

Philips DVI system #FHw, LEYF—F
BREMBITL Y 2 Bitic IVDSA-LVG %47-7.
Eif5i3FbR] 30 frames o continuous imaging
mode iz kY, FBE 60~70kVp iz T/ & h,
W EE OFEFIL 6.5inch TH 5. BEOMEA
i3 direct LVG L F—=7, ApigMr30E L L.
EEANIE 6% ve 5740 AW, F—&
#Fizc 10ml, 20ml, ¥ X 30ml o IEHOEE
KlEz A, DSA ZfEfTL. K4 OERAIE
Alciz 10~15 HrofiEE R, EARRNICER
FE 5% SR uEER 1ISml0BEED, A
BRI 20 mlicHE—, ERBAYICRTERIRA & _ERE
BRic#EA L7z 5 French pigtail 757 —7 L %2@UL
HEA LK.

IADSA-LVG

DD 7 — 7 VIRERATR:, EERNEALL

7 French pigtail # 7 —F %@L, 76% v = s
774 v 10ml 28 Sml oEAEEICTEA
L, continuous mode iz TR L T, AHIFHL
30 izt 5% DSA BB

Direct LVG

#1213 Poly Diagnost C # vy, 9inch »
HHMEE OB <, PR 50frames 2T 35
mm cine 7 4 VAREGB L. BEOEMITE
Higz 30 L L, EENiciEA S hiz 7 French
pigtail H#F—FALEBLT, 76% Y w757 4
vEMME 13ml, & 40ml 2FEREL LTHEAL
7.

ER B

EXAIRO DSA BRIZEXPTE

AR DSA B LEX 3R Bicon
T, 1) EROEEORE, 2) EREEHOF
MOBESE, 3) EEFHES BHREHIC HE2
HLERICR T s mIHEOHSED 3RA LR
MraBnERHB. HRitplix IVDSA-LVG 16
7, IADSA-LVG 54#|T& 4~ DIERIZ, video
tape I[CEREIS hic HEifRE BYVIRLSRL, b
L.

EXEROBEOFEE good, fair, XU
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10 m/

B)
20 m/

C)
30ml -

Fig. 2. End-diastolic and end-systolic images of IVDSA-LVG in the 30° right anterior
oblique position with three different doses of contrast media.

A: Images using 10 m/ of Urografin-76, B: 20 m/, C: 30 m/ with the same injection rate
(20 m//sec).

ED =end-diastole; ES =end-systole.
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Table 1.

DSA iz k 3 =TS

Degree of opacification of the left ventricle (LV)

IVDSA-LVG (16 cases)

IADSA-LVG (5 cases)

Contrast volume

10 m/ 20 ml 30 ml 10 m!
Good 6 11 16 3
Fair 8 5 0
Poor 2 0 0

Abbreviations (Table 1-3):

LV =left ventricle; IVDSA-LVG=left ventriculography using intravenous digital

subtraction angiography; IADSA-LVG =left ventriculography using intraarterial digital subtraction angiography.

Table 2. Evaluation of LV wall motion by two methods

IVDSA-LVG (16 cases)

IADSA-LVG (5 cases)

Contrast volume

10 ml 20 ml 30 m! 10 m!
A 12 16 16 3
B 3 0 0
C 0 0 0

A: can be done easily, B: slightly difficult, but can be done, C: difficult.

poor @ 3 BRREICAT T, ZESEBEES) O IR oo
SEZ, ERCEFICHETES b0, ZOEL
WRFHIE R RE A b o, FHEASREETHBE Lo L 3
BRI o) THIE L. # LB 31T 5 EREDH
BEOHSE L, MBRCHIEIBZS L0, P0H
LWb o, ) ELnbo, FEFHICRETHS
LoD 4BREL Lz,

IVDSA-LVG ¢ direct LVG ) Ho#

IVDSA-LVG ¢ direct LVG & iy, BR
e L BEEB OFMICEL, 18ERITITR .
Z OB, EEHE 30ml 5o IVDSA-LVG
BgporexdHg e L. E2RER IUEBEHRD
BHICE, AFAINYRAFARY —F R
picture analyser #{#f L7c. DSA oA, &
57z video i % on-line CAMBITHEBIC AN
L, TV =% — Lo REE LIRS
DEEER % digitizer VW T L —2R L. 2L
LT, area-length #kiz#-5< Kasser n#HIERY
Tk ) ERIREH 3 X IER AR Y B
L, BEHEZRDZ. v 274 L 2D HIR
Vanguard B EAV, ERHHME FL—v

vIR—— FicHiE, zh# digitizer v
T picture analyser iZ Af7L, DSA D34 LR
—OFAERIC XV EEFE LERHELRD 2.
EEBEESFMEIX, &£ = # 25 & anterobasal,
anterolateral, apical, diaphragmatic, posteroba-
sal @ 5 EAMHTO, ZhEh OB T 18 FEH,
#a% 90 segments 2> %, IVDSA-LVG ¢t di-
rect LVG 0FEliz bk L7z, v 27 4 v a3
w2 <, DSA @iz TV ==%— L TRRL
T L 723, 2O, WEZBE, 2»-olERRE
IZHRET U 7o BEESh o 31 dyskinesis, akinesis,
hypokinesis, normal & 4 E¥ptic 3 L 7=

] S

1. #EXHEO DSA EHgIc5Z5%

1) IVDSA-LVG
EEOEEZEER, 30ml oREERTELMT
BiFRBENCEETH o1, 10ml T, HKR
MICEGRBEZMRAT I Z Lk Y, 2200
THE RIF 2 BE OER S b h iz (Table 1),
WREVEFIF, Bb R DSA Eifg#z Fig. 2
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Fig. 3. End-diastolic and end-systolic images of IADSA-LVG using 10 ml of Urografin-76
(5 ml/sec) in a patient with anterior wall myocardial infarction and ventricular aneurysm.
Dyskinetic protrusion of the anterolateral wall is well visualized.
ED =end-diastole; ES =end-systole.
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Table 3. Comparison of the capability in delineating the LV free wall on static images
by different doses of contrast media and the methods used

IVDSA-LVG (16 cases)

Contrast volume

IADSA-LVG (5 cases)

10 m!/ 20 ml 30 ml 10 ml
A 1 5 11 3
B 3 5 5 1
C 7 6 0 1
D 5 0 0 0

A: easy to be followed, B: slightly difficult but can be followed, C: considerably difficult, but can be followed,

D: quite difficult to be followed.
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Fig. 4. Correlation between ejection fractions
determined from IVDSA-LVG and conventional
direct LVG.

R

EEESES M, &AL 0mlfFEH L%
BICRBEETH -, 10ml ¢, £LOfT
SGRTEE T o 7= (Table 2).

W LRI 36 1 B SRR H T o0 B B W 3 YE R A
RICX2HEFPEECED L, 30ml TIige
A EDFITERRIEZBNWZ A, EEHEID
2L 2B IHE - THEE A HEE L 72 - 7= (Table 3).

2) IADSA-LVG

IADSA-LVG i, HAEMN 10ml (B[
Sml) LAETLHBMBERESRERGHES

Table 4. Comparison of regional wall motion
determinations by IVDSA-LVG and
direct LVG

\ Direct LVG Dyski-

.~ Akinesis Eypq- Normal
IVDSA-LVG nesis inesis
Dyskinesis
Akinesis 1 1
Hypokinesis 1 1
Normal 6 78

Numbers represent interpretations of wall motion
of the anterobasal, anterolateral, apical, diaphragmatic
and posterobasal segments of the LV in 18 patients
(total 90 interpretations). Out of 90 interpretations,
81 agreed with each other by the two methods.

h, BeSHh3FcRIEFCBETHL -
(Table 1, Fig. 3). ESEB)OFE L AIEETSH D
(Table 2), #ILE#T OERERHEE b 5 55 4 4
THEBMES TH oz (Table 3).

2. IVDSA-LVG ¢ direct LVG (DH#;

EBHRIZE L, IVDSA-LVG ¢ direct LVG
kB FEORIzIE, y=1.02x+146, r=0.877
L, BIFARMEEARED bl (Fig. 4).

BEEB) A o HedkiE iz Table 4 (<5r+4n<
Thd ROEENPSLAT~MADFAHKEOESE
XM HEDO MRS —F LTz ESEEED segment ¥
AL, ZOM»SRATSIEEMEOTMARL
3Z LEkaYd. MEOHAEEFED 90% T—F
L, BELah okt bBmicizEEL Tnwi
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M oic. Fiz direct LVG iz T hypokinesis %
7+ segment 3 IVDSA-LVG <% normal &
S S h B A D - T2

% -3

BRI DTSRRI 51T X 5 DK ME 01ER
2713, 1939 48 Robb & Steinberg 2 X D 1%
TRA BRI, ZO%OLIEER O TR KR
Lholz. L LEEAVSESCEETSETI
FREh, BERERGIELNT, il
=, KMELOERY D), EEOHE, HiE
DEEBWEL LTRER Lol Licho
<, BEETOLI S, EERECIT—TNVER
AL, VAREERITIEEEEERIEY, Lok
WIZRRELFhFELERATVS.

Uiz, Bk, DSA ¥E@oMREIzLY, &
LR BRI R RE L, Bohl LD
X g amEgp e EElL, 2 v ea—%—&FIA
LCHEGMES3Z L it X b, VTVEAL LK
background 2{4FE S, EWE OIS LR
o subtraction EfR% B3 Z LB TESZ LD ICR
ofr. ML LTHERC X 3 ERERENBUE
H&h, EEOME, EEDHICET 3 HAER
m'—%} é nﬁlﬁ&) W ;::) 1,2,4,5,7,8).

IVDSA-LVG v bh 3 EFAIRE, &%
76% v w574 (1ml4y 370mgl §4) b
ViR ZhICHYT 5 3 — FEEET 5 K
B OEEH] 30~40 ml) 2V ST NS L2GSD,
L LEEFIRE £V IVDSA-LVG @Eikic &
X B, S bICEROE, BEBKICXKEE
k& R WERIEREIC S ERF M ICERIZ ALY
57w, IVDSA-LVG & direct LVG ik L2
Wb WRLEER B L, MATENRIC RS+ IERA
DY, BIRNBREOFBDIRWT LR S
nTER2Y, —F, A+ oEEREAERWES
&, BlagREh 2 MITHRBOERKCELT,
IVDSA-LVG ¢ direct LVG WHickER
<, LEd-o TOEEREREOEERELL
<, BiEOFNEVELTHE LEIEVWThARN

LT BREOHE L H VY, ERAIRBRES IR
PEPERMNTELIFERERLEDLS.

Tox OREHER» DI, 6% v 57 4 v
10ml & w5 Higiy b &% fiviz IVDSA-LVG
T b, EHROBEZERATIE, 2 OfITR
B YREE DYERAG B O h,  BEES) O G b FTRE
Thol. LrLEZREH BHBOREICIH
LEGCEEHRHRERBE L2 ThER2 5T, 0
fewizixd < kb 30 ml BEOERAROERE N
DEThBLELDIL.

EEA O MITEE, ORI 5 IR
FTHET L LT, EFHROEPERAOTER
L EETH 5. lohexol, Iopamidol 7 ¥ DIEA #
VHEEEAIE YR ST 4 Vi, RERDAF Y
MERA L D bR, MATEIRRIC RIE T REN
WHip {1510 IVDSA-LVG i2ix X W RELT, &
ELWERAILE LS.

N7 —7 M EEENICHAL, P& (10ml #
B oERNZERMCEALTELRS
IADSA-LVG Ti¥, % < OfFITHERBRIFRE
EGAEB LT, EcELER T OWmITHE b
BA ST, EEOWE, BEOFHMAFRETD
p, MmiFEIRE, D HEREICH X 5 KB L direct
LVG kodiw?r Exbhk. LT,
ERMEREL, HBIREAE, EZIRHED
#HwEp iz, IADSA-LVG 3HRARGETH
5LBbh3s.

F M EESEICBI L, [VDSA-LVG & direct
LVG ¢ 2 st LR T, BHERiC-OW
THE I BEF e AHBEER b Y, I BEESH I
BHEED 0% BN T—ET3#REB/. £
WgET i BRHER 50% LA Eofn Kifasd Lo,
ESEB L EHE O LONEVDT, ThABRRERICE
WEBLTWAAHEEZEELERY. EROB
EcEERHRICE L, WE ORI REZFEREEE
HHR TR YLD, REMO FELDRNE S
hTws4®., BEEBOFFE L Nissen o913
i BIFRMEEE R, REBOMEELDRVWER
ELTWws. —F, Vas 583 oI
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BiFLizvz T, REBOEELREIVER~NT
BY, ZTOREIFEOKEDEBEWERDEREAL
BHBELTWS. EBEESFHE KO EBAIERIC
ra®EENEAE, IVDSA-LVG oxidT,
direct LVG 0 IcBE L THRBICHFET S L
DOTH YO = EENEROBAZ T
R, X YEBHR BT O FES BEEh T
281820 DSA-LVG iz k % BEES) 0 FHM ik
L, TV EBM -t A ERFRAEOFEE
TID mode 3% 5. AEDHADRFITTIE Y
7 4 VAIZBIT B direct LVG 0 3R L &H% R
— e+ 57», IVDSA-LVG nHEIELTE
DEEEZHXTHWERP -, ZOFHEIDS
—EOEREY T 5= oDHER% subtraction
LCHEGETT 5 HETH Y, BEBFHEORD
TBMEROBALER TS LICERRFETDH
5 LtEpbhs. Engels 503 TID mode &AW
<o IVDSA-LVG Iz X 3 BSES) 0 53, di-
rect LVG iz k 3 53{li & RIG 2B ERL, i
HiBE, LREBIC BB FMEICFRT VW L BE
LT3, FTETIHEREAELRY, WEDOD
HEASEREEREEFIA D D, BIEE LORET OFMIC
KL, HEZZhEEREFTRVORRATSH
A.

L2 #

IVDSA-LVG izgEL TRV b h 3 EFAIOE
2 DSA Hifgic 5z BByt L, EhFkR
kA EERETMoOF AL, BHE, BEHO
iz L, direct LVG »HlatLz. &6
CEENKRBAINEATF—FLVEREL, DEOD
EEAEPEALTESRS IADSA-LVG oF
BZOWTHRIFTEMA 7.

1. IVDSA-LVG izki7 3 EHHEOEEIC
L, 16@EFliczhzh 10ml, 20ml, BIV
30ml @ 76% wwrS5 74 vk ERBRNICE
AL, DSA EfgicbEx sEBERFLEL. 20
R, HEkeyv R (10ml) © 4% < ofTHER
BIFRBEOERGHEB LN, X 7BEER O T

DSA 2 k 3T

BAlETh o L LERFESLBHEORH
b Ed 30ml oEREPMLELEZX LI
2. IVDSA-LVG iz k3 EZETHEOFH
HizEL, 30ml o ER & B vwie IVDSA-
LVG ¢ direct LVG & @it RBROEDN
5 18 Eflic zh ZRMITL, BEHE, EEHO
IR LTE & BRE L. ME RN
R L BEFREESE R (r=0877), EEEH)
ELTY BE0 90% 2B T FHES—EL,
IVDSA-LVG ZBH8Bo b WEEBRE DO FHE L
LTERAThBELEX DN

3. IADSA-LVG i 5 BliciefT L%, D&
(10ml: $fE 5ml) OEEFEATSE, %< Of
CRIFREEGE BRI LNAETHo . EE
B, MTBEICEZ BRIV RVWILEEX
5L, EEBEFSEESH, RROEREEER
ERER L E X DN BERTIE, REIFRARY
HLR VBRI LATRRENT.

BEKZBICHIY, SREBWHE WISz SR
HHEEROER &)l BOWHKICEJRLET.
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