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Summary

It has been difficult to assess the severity of aortic and mitral regurgitation by noninvasive methods.
The purpose of this report was to evaluate the validity of ECG-gated equilibrium cardiac blood pool
scintigraphy in measuring the severity of valvular regurgitation and atrial shunt.

Eight normal subjects (N) as control, 20 patients (pts) with aortic regurgitation (AR), 15 pts with
mitral regurgitation (MR), seven pts with both AR and MR, 10 pts with atrial septal defect (ASD)
and three pts with other valvular or congenital heart diseases were studied. The ECG-gated cardiac
blood pool scintigraphy was performed in the LAO projection after intravenous injection of Tc-99m-
labelled human serum albumin (15 mCi) and complete mixing throughout the vascular space. For
each pt, the angle of the projection was optimized for best separation of the left ventricle (LV) and
right ventricle (RV). Regions of interests (ROIs) were drawn over the LV and RV by visual inspection
on the end-diastolic image. Then, the maximum change in counts in the LV area was devided by the
maximum change in counts in the RV area, and the value was named as stroke index ratio.

The stroke index ratio was 1.27+£0.05 (mean+SD) in N, 2.68+1.00 in AR (p<0.001), 1.97+0.96
in MR (NS), 3.05+0.62 in AR+MR (p<0.001), 0.73+£0.14 in ASD (p<0.001), 0.93 in a pt with mitral
stenosis and pulmonary regurgitation (PR), 0.91 in a pt with AR, MR, PR and ventricular septal defect,
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and 2.41 in a pt with ASD, tricupsid regurgitation and pulmonary stenosis (Noonan’s syndrome with
cyanosis). The stroke index ratio was compared with the angiographic grading (Sellers’ classification)
in nine pts with valvular regurgitation. There was a good agreement between the stroke index ratio
and the angiographic grading. The stroke index ratios in five pts with ASD became approximately
normal values after operation.

In conclusion, these results suggest that the stroke index ratio by ECG-gated cardiac blood pool
scintigraphy may become a useful noninvasive parameter for the assessment of valvular regurgitation
and atrial shunt, although some inherent problems remain to be settled.
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Table 1. Patient selection

Age Meanage No. of case

. . N vt s Normal subjects 19-38 26.cininininnnn 8

ATV, ERITDLTN S X ROMEERE AR 1871 50, 20
2k % Sellers oAV IZNERMFETHY, AR 18-68 46 8
L bBMAFER D THRIVIBELTITY 2 EMNT ARS 39-71 53 7
&, BEESEBECIBEATELVWI LHE AR+MS 38-63 47 3
vv. 19794 Rigo 523, LEREELOBIMLEE 7 ARS+MS 47-56 52 2

MR 28-79  55..ccceenn.... 15

— N FT5 T 4 — (AI:,\7°‘—/l/f/ ‘/7‘) izxy, 22_70

MR 28-79 53 7
ERELABOFNEFNOILIEKRY count &IV MRS 55-79 60 6
k#Io count DEDH, Fi bbb stroke index MR+AS 35 1
ratio #BH L, ZHICX > T HEHEHERE O MRS +AS 53 1
MOBELEEMICFMETES LRE L. Hx AR+MR 15-68 44, 7
i Rigo 52 L @EREOFEICL Y, iR RS saR A 2
BYE 720 T/ BRI (ASD) icb oh ARLMRS “ )
Eiﬁﬁﬂ L, ZToD stroke index ratio @ﬁﬁiﬁ’\]ﬁfﬁ ARS+MRS 15-68 42 2
HEIZOWTHRIL, LK RZDOMBERICONWTE ASD 550 2. 10
KLl Pre op. 6-50 25 8
Post op. 5-27 15 7
e WMEsLUHEE Others 32-35 KL ST 3
AR+MR+VSD+PR 32 1
SR E 8 il IS4 26 5R), ISR, PR+MS 35 1
shunt #3867 WABIIRF S RLE (AR) 20 4 ASD+TR+PS
(Noonan Synd.) 35 1

(E4EHE 50 %), fhic#iy, shunt 3o

e AR (MR) 15 1 CFE4EHE 55 %),
flb iz, shunt &38 7 W RBIARSBASIRAIE
FEIERHASETSIE (AR+MR) 7§ (FHF R
H“ %), CDETRXIRE (ASD) 10 6 (Eg4E

AR =aortic regurgitation; AS=aortic stenosis; MR=
mitral regurgitation; MS=mitral stenosis; ASD=
atrial septal defect; OP=operation; VSD =ventri-
cular septal defect; PR =pulmonic regurgitation; PS=
pulmonic stenosis; TR=tricuspid regurgitation.
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Fig. 1. Selection of the left and right ventricular regions of interest (ROI).
The ROIs of the left and right ventricles are drawn by visual inspection on the end-diastolic image.
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Fig. 2. Time-activity curves in the ROIs of
the left and right ventricles.

EEiaic, ASD iz Tid ¥2Te-7 73 v
# 15 mCi #ft&%MRE v bolus &KL, 7L —
LE®— KT RI angiography #47v. AMiEFic
ROI # % & (Fig. 3), = ® ROI pyo time-activity
curve » 5 count ratio $:!%1® ¢ shunt ratio #
BHL (Fig. 4. iz X BOMEER 30
EHRBIEEZHE TS 9 HlicoWTEE D HEETIT
v, WFEoREx Sellers DAMEV ICES W TEE
i L 7z.

o S

1. {EBICHI+B stroke index ratio

Fig. 5 I stroke index ratio % Zh Zh ok
BRARCKERLIZLDOTHS. @EEHD stroke in-
dex ratio ¥, 1.27+0.05 (EH+iEAHRFEE), AR
#£o stroke index ratio I 2.68+1.00 TH Y,
AR BEGEEBC B LTHEEIC (p<0.001) BEiE
L7z, [E#EIC MR Eo stroke index ratio
11972096 Th v, AETRE»oTcn, fHE
Bt X v L stroke index ratio i3k » KX &% &
BEMBED bz, AR+MR o stroke in-
dex ratio ¥ 3.05+0.62 T, {@EEHEICHLLTAEE

iz (p<0.001) HfE%ERL7%. ASD o stroke
index ratio % 0.73+0.14 <, fEHICHLTH
Fic (p<0.001) [EKfEERLE. %72, Z0fho
oMz, MERFHASEALE (PR) 2k -7
ISPz fE D 1 45 ¢, stroke index ratio % 0.93

Thote. O iz AR+MR+.LEFiERIE
JE (VSD)+PR ofiEfs ¢, stroke index ratio |
191 THo7. A 13 ASD+=LHHAGEAELE
(TR)+ filiBhARFIRAEAE (PS) 2R L7 X —F ViE
BHTORE, HKcFy  —€eRoicl14iTh
5. Z 0|0 stroke index ratio X 241 Th o
7z.

2. WEMIRERECEHIT B Sellers 4y4F & stroke

index ratio )M &%

D7 — Ny v F TR stroke index ratio
P, WRERBEE O RENPEE 2 KB LT3
BEIPERMT BEHIC, LIEERETok
9%l (AR # 64, MR 24|, AR+MR 1))
o> T, Sellers D4MEY L ik L T4 7. Fig.
6 ic xR ERT. Edhic Sellers 4MHE%,
fitf i L7 — vy v F X Wk stroke index
ratio x L > THKb L. @13 AR, O i MR,
M Sellers 3 c Il o AR L 1l EE D
MR #A&#LTWiz HITH%. Sellers 433" 1
EEd AR o> stroke index ratio 13 1.51, MR
#t o stroke index ratio X 1.21, II g AR T
1% 1.85, 1.83, 1.55, III gEE» AR 1 3.67, MR
1x363 THv, M TRLE AR+MR ofTix
410 Thote. ZD 537Dk 5T Sellers D4y
$H L stroke index ratio ZHEAY L < —F L7z

3. ASD [C#5(33 shunt ratio & stroke index

ratio DH#

ASD iz33iF B stroke index ratio HEKED
BELZRRLTWBENEI i RIT 5w,
count ratio #.iZX 3 shunt ratio % BH L,
stroke index ratio kil 7= (Fig. 7). Fig. 7
X4z stroke index ratio, #¢fi§iZ shunt ratio
#L v, ASD fffaix @ T, fiit% O T, B¥
Z% MR LTz, ASD BEOERIEIDA ik
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Fig. 3. The ROI in the right lung field.

> TWW/z/z®, stroke index ratio & shunt ratio
& DRI OHEBIFREIC > W TR LA 2 2 7225,
FHliniit4 T stroke index ratio ZFHHIL x 72 5 {4
TiX, shunt ratio 1Zfffal 68.19.4% 7 b4tk
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stroke index ratio (Ffffff 0.72+0.15, #ifg 1.11
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Bl CICMER S 5. XFUIMAEE T X 550
RO ERAYFEMG & LT, Sellers 434D 233

HEEREShTHWa D, FEFICBT 2EEOKE
EDENR, BT —F MEMOMEOE, W4

Wi ENRETH B t,$l HRERAT
DD IR & mfﬁiu ERD B, Fiz,
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O— [l EEH AL (total stroke volume, TSV) #
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Fig. 4. Shunt ratio calculated from the time-activity curve of the ROI in the right lung

field by count ratio method.
SR =shunt ratio.

B (foward stroke volume, FSV) L L TZE
DROWTE & BIE L, HIMNHES LEHE)
DEFTREER DY, i, fEAFELE
¥, vF o LkRETH 5. Kirch 523 in-
dicator-dilution #ic k v, FSV #sk®» RI an-
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gt L Ebh 3.

AE, FexEL Rigo n20hFEE, £
HIRML D EHGREDOL T — Ly v FHR TERDER
SBEL, ZhFEho time-activity curve X Y/
i rE D stroke volume (ZHHY 2 —[EBRH # v
v | (stroke count) %3k, =D stroke count
MNEZEo 1 FEyTFBEH» v~ b (foward stroke
count, FSC) L LW L{KEL, E=ED stroke

count »EED—ELEH» v b (total stroke
count, TSC) &L TSC/FSC #k®», zhx
stroke index ratio & L TEEOWHKE L IEERE
HIC i+ %5 LD T 5. Indicator-dilution ¥k
XV OHHEEZRIEL TN, HifiikE
HeHEL LTRDBZ LI TERWD, FERICH
HARbFETdY, BEREVFURELLTERT
& HA[REME A E .

2. [@#E@ stroke index ratio (CD(VT
EHRECB TREADEO—EHHEREL
Wi o T, stroke index ratio % 1.0 &4
LR hE bl IFT H3HB, FHETE
1274005 Tho7c. ZhidBZEHLEELAE
WWIERE, Y72 < ROI 2RETHZLHTE
BholeledtBbhsd. ThIFETIAERL
FHBIIRIER D — A E EN T BFREES K TH
5L, EETREBRKBRERPZER TV S
AREMERHENOThB. %k, 1 W 2T LAE
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Fig. 5. Stroke index ratios in patients with valvular regurgitation, atrial septal defect and
other heart diseases.

SIR =stroke index ratio; AR =aortic regurgitation; MR =mitral regurgitation; ASD =atrial septal
defect; PR=pulmonic regurgitation; MS=mitral stenosis; VSD=ventricular septal defect; TR=

tricapsid regurgitation; PS=pulmonic stenosis.

Hbh 3z, Zhd stroke index ratio 731.0 iz
o WEREED1-ELZLNRS.

3. AR KLU MR B0 stroke index ratio (=

20T

AR BT stroke index ratio |3E#EICH L
THECHMEZRL, MRETREERICHLT
BE T vwas, stroke index ratio DIEHEIT
XyvEEERLE. LaL, MRECREROT
HfE X v stroke index ratio AME(E %51k L 72448
4lboTe. zhidkExzEn RO NiciERLiZE
EXREEhizy, A0 ROl NiZEECBR
HEMyEFENIIHIZ, BEEZRLTHEO2E
Livignas, ERIREYICIE Bl T& ed o/ PR

2 TR BEE L2 LAT, 4% &6iT
HELVWRHABKETHS. L LEERDL, A%
DOYFEEFNERE 2 U+ 5 & o 2T & 72 BRTHEME
LbdhdLeBEbhs. AR+MR Gt stroke in-
dex ratio 1IY8R, BEHCHLTCAFECEEL
AL UL, ZofgEix AR L MR 24
LB TE 525, BOBDOD AR
MR % Blxic fHlicE R WoR 1 520 RBRATH
5.

4. HFIERIEFED stroke index ratio ¢ Sellers

DR EOHE:

Sellers DAY FEFRFEE K BERICHBE s h, ¥
HERBE O BEE X 2RIk - TEishTY
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Fig. 6. Comparison of stroke index ratio with
the angiographic severity of valvular regurgi-
tation.

SIR =stroke index ratio; AR=aortic regurgitation;
MR =mitral regurgitation.
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CRETEEEIREhTBY, AR o I Fe MR
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TR n, SEOKRFTIERELE, AR $ MR
bREULYS 7 EicRLK. Fig. 7 2R/Lizx >
iz, Sellers DAY T, BAE & I & h RO
stroke index ratio I HEBWIEEZ R L, #i
Sellers D4MHEY TIREE & JIWT X FL72IEH D stroke
index ratio |3 1.0 {ZiF VW MEZ R+ 2 & 5 5, stroke
index ratio (I W FRIESIBE D HFHORE & X <
KL Tw3 LBbhi.
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Fig. 7. Relationship between stroke index ratio
and shunt ratio in patients with atrial septal
defect.

SR=shunt ratio; SIR=stroke index ratio; OP=
operation.

EhTEk. BEENHELE L TUIALR, £l
ZoZFhZEh o time-activity curve DT X
yR® BZHERY, Ji%F o time-activity curve
HHE—-HFEKRRERD 351k, T72b b count
ratio #1519 area ratio #k!”, gamma function
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shunt ratio {Z{EFFT& AV, F7z, count ratio
#1518 area ratio 17 <, PR, PS, TR, =
R, MS 2o RBHEL LTV 5
EFTIE FOHMECEESETS. ThicHL,
Rigo 520 Hkid EHRHETH 27cw, HEE
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AmEgat Lz ASD 8 fj&4) <, stroke index
ratio {3 1.0 AT TH by, @EHHLLTEER
EfEERL, REPEBRLELLARATHELEEXD
hiz. DWW, count ratio #1518z k 35 shunt
ratio & stroke index ratio i #EFL7-. HIHH
121X shunt ratio » stroke index ratio {Z3¥i4H[H
FT3RTTH B, SEORE CTIREFEADL
, DAL ) BdboTcled, HERKER
Wipmofe. L, FilF&1T -7k 5l T
shunt ratio, stroke index ratio & {IZfEEE D
fHICIESWiz. ZozZ & Xy stroke index ratio
FERIR b, FWMOFMICHERARERICRY S5
LR &R

6. “ZD#h” DD stroke index ratio [CD(VT

PR+MS o 1Tz PR o7z FED stroke
volume 38k L T, stroke index ratio »31.0 k
YINESWEERLEZEEZONS. AR+ MR +
VSD+PR o 1 {5 Gix stroke index ratio i 1.91
<, AR ¢ MR Bb3icb»0b b3 PR 2
fE+ B7ic, stroke index ratio (3 H@HY/N &
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B UL —F VEGREO L HlTERERL PS ok
OEEE, EBEEXERL, E-oEvr otk
LT, HEE, RDRICFT/ —€ &, FHEL
7= L By stroke index ratio {3 241 ¢ 10 kv
KEREEE L. ¥RDOZ L TEH B0, ASD
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DEs TR BEET 3D, ASD ofF - Ev
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2% (AR) 20 5], fEigFH ASRLE (MR) 15
#], AR+MR 74, ASD 105, {fho¥isitks
X OERER 3B ER L LT, LEREHORE
K> =Ny v F 55 74— (L7 =Ny o F) &
Tv, EALED stroke index ratio ZHEH L,
2 DK LB R W TR Lz, BEFO
stroke index ratio I 1.2740.05 (g +iEH(RF
%) =, AR B (2.68+1.00), AR+MR # (3.05
+0.62) TR EEBICE L THEER (p<0.001) &
EEREL, MR B (197+096) TRAETEA
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BBIZEL T2, zhehofEfg cEs (LV) &
FE (RV) 2358 T&2L5IC AEY AL,
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B.LMEIR (ROL) 3 fisRRHDE 5 T visual in-
spection {2k » TfER L7z. #L T LV » ROI
WOJKD v v VB (EE—RANRICHEY) &
RV o ROI o FkHh v v MBI (BE—EH
HEICHY) Tl L, #DfE#% stroke index ratio
= Y

BB X OYEF| D stroke index ratio 13 N &
127005 (¥ +E%RZE), AR B 2.68+1.00
(p<0.001), MR # 1.97+096 (ns), AR+MR
#£ 3.05+0.62 (p<0.001), ASD g 0.73+0.14
(p<0.001), fEiEFIRAiE FRATBIARS BAS R EAE
(PR) 0.93, AR+MR+PR+ 052 thfg & 485 091,
ASD+ =L FHAFHADIE + MBIAIRF B iE (7
) —FBEMfEole X—F VIEERH) 241 ThHoTz.
W FRME SR IESE 9 5112 >V T stroke index ratio &
DIMEERFTR (sellers D58H) & & LA L
TSR, MERL &KLk %k, Fiizfr-

7z ASD 5 filic 3 Tix, #ff#% stroke index
ratio FIFFEFEICE S\

UEX W EFORBEEH BB, LF—Ny o F
X v 5 h 5 stroke index ratio i¥, WFEMEFLE
HE DR X 0 ASD 0EiKkE & 5 Dl
FRZEBLMEEL LY 5> 5L Bbhi.
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