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Analysis of left to
right ventricular stroke
count ratio by gated
radionuclide  angiocar-
diography:  Detection
and quantitation of val-
vular regurgitation and
shunts
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The stroke count ratio (SC ratio: SCL/SCR) for left to right ventricular enddiastolic-endsystolic
count differences was obtained from LAO multi-gated cardiac blood pool scintigrams for quantitative

assessment of valvular regurgitation and shunts.

SC ratio, 1.48+0.24 (mean=+S.D.) in 21 normal subjects, was decreased in 7 patients with atrial
septal defects (ASD) and in one with isolated tricuspid regurgitation (TR), and increased in 15 pa-
tients with aortic regurgitation (AR) and in 6 with mitral regurgitation (MR). In post-surgical reassess-
ment of 3 patients, the ratio was restored in normal range. Comparison between SC ratio and angio-
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graphic estimates of regurgitation revealed good agreement.

Regurgitant fraction (RF) in AR or MR and shunt ratio (SR) in ASD were calculated by the for-
mula: RF=1-1.48/SC ratio, and SR=1—SC ratio/1.48, respectively. These were derived by assum-
ing that an excess of stroke counts was due to regurgitant or shunt flow and that the coefficient in
counting ventricular radioactivity was 1.48. Agreement was found between RF or SR measured by
this formula and by the invasive method.

This method permits noninvasive quantitation in patients with valvular regurgitation and shunts
without complicated computer procedures.

Key words

Regurgitant fraction Shunt ratio Gated radionuclide angiocardiography
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ECG multi-gated Histogram
acquisition

LAO

Fig. 1. ECG multi-gated cardiac blood pool scintigraphy.
Stroke count ratio (SC ratio=R) is calculated from left ventricular stroke counts divided by right
ventricular stroke counts ; R=SCL/SCR.
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ECG = s/ — Rk 5 F— 4 BEE fT-
To. $ERE ML & & S ELE, AOEND
> & LAMICHEET & B EMRIS Y v F A
AT OE ZBER Lic. 7 — 2 IR EES: R
HILFRIEE O MR T+ 2212, 64x64 o< kY
v 7 AYARXT, DEM R EENY)F-LLT
Lova 24 5381 L, #9400 a0 s %17 - 7-.
2. ERHiA v kE SC ratio MifilE

TERH oA A —Y okedE (LV), A
(RV) 1254 b2z TR (ROI) %3¢
L, time-activity curve (Curve) #{EpREL 7=
(Fig. 1). =t 5o Curve FjlEcR T 5 1.0
MWE o Y v RO LR L, 913
DI AR, Bl IEE I 2 R+ o
THjHE OZETEHRICHYT 5. Thbbh—Y
WIZTRED 7 v b ERD, ZoZEEEH 7S
vy b (SC) L L. LV, RV oo SC o #
ERH H v > R (SC ratio=SCL/SCR) & L T3k
»iz.

3. Eb - ALEHEDRRIE

Curve X Y iR, IEHHIO 7 v — 43F5
RHER LT, ZOA 4 —Y EiiH UIEERKSI A #
— Ui SRR A A — ¥ F I L CERH A A £

—VEER L. oS e BRHE A 2 —
U bED, AL FRHEOLESTRETH Y,

End-diastole
ITmage

End-systole
Image

Normal

Fig. 2. Visualization of stroke volume.

BRI v v b T X B SRR - SRR IR O TE RERI R L

o4 2—vicErhzh ROl #3%%E L, WLHO
By bk EEHLT SC ratio #3kp 22 & D
<x 5 (Fig. 2).
4. EEMFFEE
(1)  K#RP,
TR D FE
WL OB 7 #h#h SVL, SVR L33
LR RE
RF = (SVL—SVR)/SVL = 1—-SVR/SVL
chzohs, —fic R scagsisibez
VN LE LTRETE 2 L oo, [WEIFEARY
niESRETOR—E T ILOLEZDND. *
I TRELE, ALEOFRH A v i (SCL/SCR
=R) LERHAERE O (SVL/SVR) oz
R = SCL/SCR = m-(SVL/SVR)
LR &y
RF = 1—m/R
[R % SC ratio=SCL/SCR]
22T m e L CHESMICBE Y AR5 T
by, HrOWEICE VEEBL—EEEHED O
HiEcdh s, LALFEGWME m Z2Rkvsz &
AfRETH VD, ZhFEd, ALEBRHAROCEZ LY
(SVL/SVR=1) 4, +nbb EHNEC B3
SCL/SCR ic—#+ 5 LELZBND. Bk L
CIESE 21 400 SC ratio oNHfiix 148 ¢ b

e SRS REE I B T Baf

Subtracted
Image

@

SC ratio
1.58

LV 6041 cts
RV 3830 cts

The stroke volume image is obtained by subtracting the end-systolic image from end-diastolic

image. Regions of interest (ROI) are drawn over the left and right stroke volume images, and SC
ratio is determined as the ratio of the counts in two ROIs.
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, ZOEERAERE m L LTHEALE Xo
THRAMMICHF®E RF &
RF = 1-148/R
THExbh 5.
(2) LDERRREBECK T 3 EAEHKR
WRRORE LR L < EiER SR
SR = (SVR—SVL)/SVr
= 1—-SVL/SVR
=1—R/m
=1—R/1.48

RF = 1-1.48/R

SR = 1-R/1.48

3 % 61 2 3 u5 & 7
Stroke count ratio R

Fig.3. Nomogram to obtain regurgitant frac-
tion (RF) and shunt ratio (SR).

THExzbh 5.

Fig. 3 @i, SKkEE KO3/ T/ 54
Td 5. SC ratio (§f#h) <X v, AR v
R RF, £k v4E#EE SR 2kwszpncs
5.

x4 E

HERE LI BEIKRBIRFASTSE (AR) 15
Bl REMRAIAEE 2 AL b D & HFE D],
fEIEFRASTALE (MR) 64, fiicApioin
ZRFASETLE (TR) 14, LFEPREXIEE
(ASD) 7 #il% X v P RREXIRE (VSD) 34T
bole. BEAMEDEFZLIT—FN, T
X777+ —RITLZEILICL DT Ho7ess,
AR, MR o—i o BETRILICE S iz,
CETOBRIBECHEEE, Wit (g
iE, BRUOHER LD BEIC >WTH BREFL
Iz.

FRE LIREEHERE R, OIEKR X ODEE
EToRWBRBE{CE: c3BLEE:2ET54
Hbaw2lflchoik.

6
®
5
[
M
: . .
o [ J
3 H
Mean £ SD d
o
1.48 + 0.24
2 -\ 3
I \' . 5
Lixsp ? ¢
Normal ASD vsp 'soltedpp AR MR

Fig. 4. SC ratio in regurgitant and shunt disease.
The dotted zone shows normal range given by mean+2xSD. The open circles with arrows re-

present the value reassessed after surgical repair.
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1. SC ratio OEFHTWEAL LOEAMICH (T BT

ERsEE 21 o SC ratio & 1.48+0.24
(mean+SD) Tho7z. ZDfEFE»H SC ratio

DIEHFiIFH%Z 1.00~1.96 (mean+2SD) L&
%L, ASD ciffkfiz &b, VSD i
3o 5 B 1 FnsEfEE, 2 FIASIERTEEHIC &
7z. TR Tk, AR <3 16l 2R & 2pcE
i, MR T3 242 fho 4flcmims zh
Zhsr L (Fig. 4).

z®5 b TR X AR o 2 i34 B FHi
O T SC ratio 1T+ X TIERFFHICHEIL L

Before surgical repair

ED image

After valve replacement

ED image

Fig. 5. A case of aortic regurgitation.

SV image

BRHA A 7 o b AT X 2 SRl - SEAE B O R o ik

7= (Fig. 4 O&HIB X OHEA).

2. SC ratio &LLMEEFKICKDHRELE DR

AR, MR #» 9 5 RI & i3F RO
EIERIEE RAT LB THlic> 0T, Sellers iz
& BWFREEFAE® & SC ratio L % [k L7z (Fig.
6, Table 1). WS EEE &7 BiC Lzhsn, SC
ratio 23EEZ R L7z,

3. WRE - EIRELBMACKDEE DR

Table 1 13 RI #4133 R b 5 — 5
N, TYVHAT T 74 —%fT Lz AR, MR 7
ploligTd 5. =05 bELIEE CHRR K
BITAE L 1TIFEERL L.

ASD 6 T LAEGI S EE F 723 EEE IR S

SC ratio
SCL/SCr=5.74
Area LL/Area R=2.18

SC ratio
SCL/SCr=1.62
Area LL/Area R=1.25

A 35-year-old man with severe aortic regurgitation has SC ratio of 5.74 (top). RF calculated from

the formula is 749,
ED=end-diastole; SV =stroke volume.

. After valve replacement (below), SC ratio is restored to normal range (1.62).

—179 —



R, BX, BH, &»

SC Ratio
6 | scu/sce
®
5 [ ]
4
[

3 .

L
2 * hd

\

L
1 2 3 4

ANGIOGRAPHIC DEGREE OF REGURGITATION

Fig. 6. Comparison of SC ratio with angio-
graphic assessment of the severity of valvular
regurgitation.

Nizti3wvwx, AETOERRILDITF—F
X 3R bhicfE LIl L7z (Table 2).

4. SC ratio LLBREHIUOHEEE DBER

(1) ROI omEmfE & OR%

SC ratio ¢ LV, RV oxELOEFEE M5
7z®, rhzho ROI oEfEH (Area L/Area
R) & SC ratio nBRicoWWTHE L (Fig.
7). AR, MR, ASD, VSD ¥k O'IEtBE D
47 fliconTHFEDBREAR B L SC ratio i3
ROI omEmfEH & — kBl <dh v, SCratio
& LV, RV oERBOMOMHEIFR S Mz,

L2 L, #¥, EROTFERICIEZRBICHY
THRLEOWLKEMY, EELEALNIEED
B o+ or st ELbhS. &
> TEHXBH 21 HloHiz R-> T FEOBEEE
#% & SC ratio i@k (1.10+0.20) & 45BH
Lisholc (Fig. 8). F72BRIA M O 5 8 £ E
(OMI) 84T b, mELIIER MBS L EERLE
ExFT oo (1.38+0.27, p<0.01), SC ratio
BEEREE R ok (1.56+0.18, ns). =
DX 572 %E OMI 22, ALARE &3/
MEFRPAEE, ML X CBRELHIESR Fick
nWThRahi.

Table 1. Radionuclide assessment of valvular
regurgitation and comparison with invasive

method
N N Radionuclide Invasive* Angiographic**
No. Patient Dx. SC ratio RF ( ) RF (%) degree
1 ES MR 2.23 34 - 1
2 KK ASR  2.20 33 25 2
3 MN AR 2.66 44 - 2
4 AN ASR  2.90 49 - 2
5 AT MR 3.40 56 - 3
6 YK AR 4.86 70 - 4
7 Ao AR 5.74 74 80 4

#+ ( COA - COF ) / COA x 100 , where COA is cardiac output measured
by ventriculography and COF by Fick method.

++ Criteria proposed by Sellers and associates.

Table 2. Comparison of radionuclide shunt ra-
tio with invasive shunt ratio in the pa-
tient with atrial septal defect

No. Patient Dx. SC ratio Rag;°?“§1§de I;;aﬁl:e;
1 WK ASD  0.48 68 n
2 YT ASD  0.44 70 59
3 YK AsD  0.53 64 9
4 ax asD  0.52 65 57
5 YN AsD  0.28 81 77
6 KS ASD  0.35 76 64

+«+ (Qp-0s) / Qp x 100 ,where Qp and Qs are pulmonary
and systemic blood flow, respectively.

IhbniERX y SC ratio ITRBWT, LER
BRERTRI RN R RREhE. /- SC
ratio (3, EROBLWERIZIELAEDLE
BTEEHRAIOE»S, KRERMLEZ L
bWz EREhi.

(2) ZEL=EBRHE, HEEHAR L OBE

SC ratio L.LSRED BfR%E BT+ B2 LD
=B =% (LVEF), #ig#i#izag (LVEDV) &
WML (Fig. 9). SC ratio 3zh b g e b
AR K, ZOFEE»S SC ratio FLo R
THECKE T LB bbb RS h
7.

% ES

FIEFAEASEOHIE, LR EROEHK
BOFENITH, FHEEORER FEELE
REZRNDB. L LS Ok sy
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SC raTIO
SCL / SCr
e - Normal
6 ® - Regurgitation
% - Shunt
S
4
3
2
1
W *

R h v o b iz X B R

- EIRR B OERKBETE

.803 2
.50+0.065x+1.02x

2
Area L / Area R

Fig. 7. Relationship of SC ratio to the area ratio of left to right ventricular region of inter-

est.

EEEHEETHY, EHE HRE EKE0R
B BFMEERLY 7 —F Y, 7o Ik,
EEFRES?, BLURIEBEZBRATWS. JE
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HRREECH Y v MELEH-RSEMPORD
DER BT 55K, DEHRLET ISy
Fav—va itk B3EFEY, GRRREEICEY
VB, FarRA—v g ViES R EaT
bhTws., L Lhbid{EHEME, Tl &
Wele 7 75 hEQHELT B EDOENLTHE
AEhTna i3y,

LH L, FRXICBRREEEZERDOFEL F
Bz vy, MOEOBRHEDLE OWRER, S
REEFETHHET, LVEENTHE. ki
BT — MERTRER MR o, & Il
Fuys AEBEEFIITI LN TES.

BT X ) WTRE, EREERETSHOL

AARA &7 &efkiz SC ratio ¥ EREICR®D B &
ThHD. WK, EROBWEESD SC ratio 33,
ROI oEfEL ik ELEOHEKEEE &L
CEOCERHE & FEFRES, T E0RETH
BE—E LfEE R+ 0T SC ratio ZLEDK
&, BREREDEIVRELEKFELEANLDLE
2bhn. L LEEXNBEF o SC ratio 234y
1~2 sz ehd, ZHOERELTIE
® ROl e LofiE, @ ~vy7s7775 v F0H
5, @ BLEOYUFH 2T CHT HAERNE
B EREESNS.

F—2 BB ERFMLT TS 0T, ELED
ROI #EI HBEHAES THHDILKL, ALE
EIHBIARFE OALE AR TH Y ROI Eicix
MLDOEZ2ELL. EEoR1>0FEEDD
358 L LT, subtraction {2k v E-ERHEA
A=ChiofAbED ROL 2 HHERT5Z L 517
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Normal 0ld Myocardial Infarction
SC RrATIO
2.0t ° 2.0}
[ ° [ ] ®
d’ .. L] o ©
1.5 1.5}
°® °
[ )
[ ] ° [
1.0 1.0
n=21 r=-0.04 n=28
SC ratio 1.48+0.24 SC ratio 1.56+0.18 ns
5 Area 1.1040.20 5 Area 1.38£0.27 p<0.01
1.0 1.5 2.0 1.0 1.5 2.0
Area L |/ Area R

Fig. 8. Relationship of SC ratio to the area ratio of ROI in normal subjects and in the pa-
tients with old myocardial infarction.

SC RATIO SCratio vs LVEF SCratio vs LVEDV
20} o . o 2.0
° ° °
°® . oo’ * ° ® e
1.5 R 1.5 [ oo o
b °s ° ° . o L]
[ ]
1.0 °. ° L0 . *
5 n =25 .5 n =14
r = 0.03 r = -0.11
- — s
20 4w 60 8 4 50 100 150 200 250 .
LVEF LVEDV

Fig. 9. Relationship of SC ratio to left ventricular ejection fraction and end-diastolic vol-
ume.
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» ROI # SC ratio BHICEHA L. 2Dk H
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IS ER BT LHRENI.
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vhELEBLOTHY, filio Bkg i3 a s
G LeneEEx o5, ENEHLIICB T 505
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ROI chADEL NG LB LT 5, #
Wéﬂékimszm@wwitimmklé
frEOHEIC X v, o ROL ILEERZ0HED
AL HBBEZE LR TER bR, :@W
oo izw ROL o & 0 mE < BiEIc

BRHA A &7 o B HIT X BRIt - kG R B O RA2IK:

5H:, F72b b variable ROI o HRE 2 &
N5, i Rigo 6o fFic X v fixed ROI
PIRETHDEHEL, ZEHEO LN VIT-

7
SC

FELLLED,
FEDE X DKL

ratio DOFHANC FEES B IRk O BEKIF Y ~
Fh A TR B LE OMERRRR, B X O
bkl fHE IS med 5 FIREEAS K& v, Fig.
11 o 2 & DD Nk ZEA T AN SRR
a0t L, ALEEFELE LTELATOIL
feEzbh, LER-T, BRHEIARLLT

VUFh AT OMELLAELER
FHlishsbolBEzbhs.

O B TAE & OFER DL ONLE, TEHE, B X O
MEEESIC X VBT B LB 2 b, IEHSEET

» SC ratio )35 HFLEE, W LCHEB EEZS

ns.

DLEFIEA NS 2

ED image

LEFT VENTRICLE

ED image SV image

|
i
Lo

 RiGHT

ED image

L% Litfifesk,

ES image

VENTRICLE

SV image

Fig. 10. Contribution of assigning of ROI to determining SC ratio.
Difficulty is present in assigning right ventricular region of interest. Stroke volume image is use-

AR O EMER FHICE

EVMFELL, Zoffke

SV image

SC ratio
1.71

ful to find the border for precise assigning of ROI in the right ventricle (2).
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Volume

RV = LV

Fig. 11. Geometrical difference of ventricles.

Count rate

RV <LV

Major contribution to determining SC ratio is the difference in the radio-absorption. Stroke counts
of the right ventricle are smaller than those of the left ventricle since the right ventricle contracts
more transversely, whereas the left does equally in direction.

LOLONE, MR Lot RH LBIET 5
TENREZLNINRESBOBREICE BV,

Ao 1 o SC ratio D 4h HEHD
FEMNcE3, AR » MR, ASD ¢ TR Lo
BIAEE#ER - L TtHB. LiaL AR, MR, ASD
e ¥ OEMRIBETIERK L, KBENESTHDD
TEBLEIKEAXETELW. VSD i SC
ratio [ HIZIFIEFEHEER LA, X mITEHNE
PHEZTLHBENELOD, ZhLEETO
REDLSTHB.

PDEDZ L, FERCIDIBEOHIRESD Y,
KIBROFE L H 528, DFEWFE, ASD 72
& DFERFE B OIEBMBZHTIED D WEIRIC B
WT, EEE, R, GRRErEETEIHERR
DL ELLRS.

B #

TR N FF— NS — A v F 557 4 —
I & BORBERE, EREEOERIZHEE
WA LU ofim 2.

1) E#2 LB 3ELE, HLED EBEH
#wy i (SC ratio) & 1.48+0.24 <h Y,
ASD 74|, TR 1fij<{&fE, VSD 2fjciz &R
%5, AR 154, MR 6fflcid@EiEx Lo/ 7%
B 3P OW BT+~ TEFHEAICHE L.

2) MEERHEICRT 2WME LAWK 5E

Lo, AR, MR o SC ratio |3i¥ijREs
ISCTEfEER LT,

3) MARERIERE E BTk 148 L3R
LTEHMT %L, AR, MR o 1-1.48/
R, ASD 7» ¢oiE#k®iz 1-R/148 (R i3 SC
ratio) Tz Hh, BMAHFEIC X 21 L i2EaEM
L.

4) SC ratio L0 E, DBERER O BEE
n¥, TOTHOBERIGER, EKicrsEEX
LR, LDEDAy 7S5 K, LOME, B
B, INFERENDER YIT X BEHETFOMANHE
EEhzzLeERELL

5) ABIETOHBIND D b 0 OLFREHLT
i, EREROFBMMERSEEL LTERT
H5.
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