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Radionuclide Quantitation of Left-to-Right Cardiac Shunts Using
Deconvolution Analysis

Yeon Sang Oh, M.D., Myung Chul Lee, M.D., Bo Youn Cho, M.D.
and Chang-Soon Koh, M.D.

Dept. of Internal Medicine, College of Medicine, Seoul National University

The purpose of this study is to investigate significance of new method for quantification of
left to right cardiac shunts using deconvolution analysis as an adjunct to gamma variate ana-
lysis in patients with bad bolus injection.

In the present study, quantitative radionuclide angiocardiography (QRAC) was performed

with and without deconvolution analysis (DA) in 37 patients with left to right shunt and 103
control patients without shunt.

The results obtained were as follows;

1) The mean value of Qp/Qs in 103 control patients was 1. 10+0.12 without DA, and was
1.01-£0.03 with DA.

2) Correlation(r) between oximetry and QRAC with DA was 0. 87 and correlation(r) betw-
een oximetry and QRAC without DA was 0.61.

3) The 13 patients with left to right shunt, whose Qp/Qs was greater than 3.0 by QRAC
without DA, was studied by DA.

Then the Qp/Qs values were measurable in these 13 patients by DA and they showed
significant correlation with oximetry. (r=0.68)

The results indicate that deconvolution analysis technique for quantification of a left to

right shunt provides more reliable and accurate shunt quantification, and reduces the influe-
nces of poor bolus injection.
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model®*¢- o} .83 89 F/+8Y F%v] (Qe/Qs ratio)
e Ag5el oy BuAEd g Q7= gl
I o] we
injection)™ % AAE stx gonz, BAAL 34
T Ex A FHUE T4 9ot mlesy
A el BEaR e Aot Ut

19794 Alderson 5%-& o]k $7-3 % FA19 o)
2 A7 2XE WA sl WY Ag—uaeF
4 (pulmonary time ‘activity curve)& Alul g =2 4

ZF—utAleF 4 0 2 deconvoluton AJ A A Jelx= 3

A® #5333
rve)$ o] -g-ste] a-pxiate] oL Mt} AhsiA Tt
= wie] o=l $iel.

olo] A =}= deconvolution 2
2449 Q9§ BuA F9UAFVAE 402 3}
A FHLLE o] &3t A dER2d <t A
g &, &9 gamma functlonﬂdal- deconvolution
BAYOE Qp/Qs T 2A5t2 6] 5L AATIHE W
9% Qp/Qs ) Wlm BAT Fgst 2 ARE A
Qoo BasE wfolot,

4] (deconvoluted pulmonary transit cu-

et 3 ey

P A

ol AL 1983 19 1983 TH7R AguTm
WA A=EAE, 49329 2 445
A& AdP29EE APstgdnl 22%F 2ol
TEEA A 3799 ZAL(Table 1)¢} 2outzy =
£ atEte] gl Ao R g39 B2TEA 103%9-¢
WAL R s, A-FdARAAF AAFHAES0] 22

oA, AFAAESE 9¢ W FHadAukZo] 6ol g ot

2-$-ul 231215 deconvolution 24 o] &3 Qp/Qs

7} 301 Al FAEL AL ESEY S FPH AlmE
F glenz g7 A4 Al st

2.8 H

HE, oA, wg FEYAAEY, AAE,
4 Echo = ¥ 4 EXI‘E"“ e ahgriege] g2l &
el A BhAA FH AL Al EREG S5 Ak 4
ol B =18 AL 15~20 mCi ¢ *=Tc¢c-human serum al-
‘bumin ¢ one way valve 7} %35 hand injector &
Agaked 20 39 F A (bolus injection)shgx, ok
2] A$E 200 uCi/kg & A-E3hg ok,

79 %2} (short discrete bolus

246 97 Feuga

A %A BAA FARL

Table 1., Age and Sex Distribution of Left-to-
Righ‘t,Shunt Subjects v

Sex
Age(Yr.) Total
M F
0~ 4 3 7 10
5~ 9 4 4 3
10~14 4 3 7
15~19 2 1 3
20~24 1 3 4
25~29 0 1 1
30~34 1 2 3
35~ 0 1 1
Total 15 22 37

g9 A e b 2 St dAAZ F gamma
camera & HAAH9 40~50° % AFFe] vk
o2 5~10° 714 ABsdsh. 2B E A,
parallel-hole, general purpose colhma‘cor R
743 smgle crystal
gamma scintillation " camera(Ohio Nuclear Mo-
del Sigma 410)% AHgaldm, A ENUALE &
AAWFAE T FA O &7 2 frames 8] S o
o], 64X64 matrix on-lirig computer (GAMMA-11,
Digital, DEC 5] 4})ell =5-sich, AR AW H35
2916 314 < o (region of interest, ROI)-¢ AolA #
#¢] Az—wasEas Figch, $49 gamma-
variatemodel & o]-2-3}ed Qp/Qs & T3 ¥, comput-
er & o 43l o9 Az—AAETFAL A A Y A
A—wpAlsZ4 o2 deconvolution A7, o] AR
s A ZF— A4 -I(deconvoluted pulmonary time-
activity curve)0ﬂ Zz]¢] gamma function ¥-& H-&
3k} deconvolution 244 €3 Qp/Qs & Tt
(Fig. 1).
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Fig. 1. Four steps in deconvolution analysis.

Upper left, Taking the regions of interest. A: Superior vena caval ROL B: Pulmoncry ROI., SVC
time-activity curve indicates the poor bolus injection.

Upper right, Observed unprocessed pulmonary time-activity curve.

Lower left, Deconvoluted pulmonary transit curve, obtained after deconvolution of the observed
pulmonary time-activity curve by the superior vena caval curve.

Lower right, Qp/Qs quantitation by deconvolution analysis. gamma function was fitted to decon-

voluted pulmonary transit curve.
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Qp/Qs Oximetry

Fig. 2. Relation between Qp/Qs ratios obtained by
radionuclide deconvolution analysis (DA)
and Oximetry.

n=24
y=0.47x+0.87
r=061{p <0.001)

2 3

Qp/Qs Oximetry

Fig. 8. Relation between Qp/Qs ratios obtained by
gamma function technique and oximetry.
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Table 2. Case Summary of Left to Right Shunt Patients (Qp/Qs<(3)

Pulmonary to Systemic Flow Ratio (Qp/Qs)

Case Sex/Age Dx.
QRAC with DA QRAC without DA°  Oximetry
1 F/10 ASD 1.31 1.31 1. 86
2 F/4 PDA 1. 19 ’ 1.79 1.16
3 M/31 VSD 1. 64 1.48 2.00
4 M/3 VSD 2.12 1.54 1.53
5 F/1 5/12 VSD 1. 63 ) 1.59 1.83
6 M/12 VSD 1.36 1.53 1.16
7 M/3 VSD 1.09 LT3 1.33
8 M/1 PDA 2.07 1.80 2.70
9 F/4 VSD .12 2.93 1.80
10 F/3 VSD 2.26 2.33 2.60
11 F/4 PDA 1.28 1.39 1.14
12 M/6 VSD 1.12 1.32 1.26 -
13 F/8 VSD 1. 10 1.52 1,30
14 M/7 VsD 1.15 1. 80 1,20
15 F/6 VSD 2.25 2.25 2.56
16 - M/14 VSD 3.00 3.00 3.01
17 F/13 PDA 1.34 1.57 1.36
18 F/4 VSD 1.07 1.82 1.67
19 M/5 PDA 1.21 1.45 1.48
20 F/19 ASD 2.49 1.96 2.60
21 ¥ /7 VSD 1.56 1.81 1.54
22 M/17 VSD 1.32 1.75 1.40
23 F/14 VSD 1.25 1.52 ’ 1.62
24 F/26 V8D 1,05 1.58 1. 00
small

VSD: Ventricular Septal Defect
PDA: Patent Ductus Arteriosus
DA: Deconvolution Analysis

ool gl 3789 HAENA wlA gamma
function g 2 2 Qp/Qs & T4 Rl ul, o] % 240 A
£ Qp/Qs 7} 30]13kg] L (Table 2), 13¢e] A& 30] 4k
2 2359} (Table 3).

Qp/Qs 7} 30]5}4l 24¢i0l A ¢ A4 Z3EW, decon-

volution 244 3 gamma function W] &3 Qp/Qs

o] Zt-2 Table 29} Zgrom o) &7 ArwAE w
2 2T A3 AAEXH TP 95 Qp/Qs 9 gamma
function el &4 Qp/Qs9] AlatAl 4= 0.61(p<0.
0014l wiw (Fig. 3), A& 93 Qp/Qs st
deconvolution F-4 o] ¢ Qp/Qs ¢ AaAl4+E

87(p<0.001)01giv}. (Fig. 2). 28]z gamma func-

ASD: Atrial Septal Defect
QRAC: Quantitative Radionuclide Angiocardiography

tion Pl &3 Qp/Qs o} deconvolution LA W] 2] g
Qr/Qs ¢ A=A+ 0.53(p<0.005)0] ¢ ek (Fig. 4).
Gamma function W] &g Q»/Qs st 3°]"‘J'°] PR
134} (Table 3)oll 4] deconvolution B4]-8 A9 dte] 30]
39 ghd g F Ao, ALEIAER At o
B4 ARA 4L 0.68(p<0.01)0] 9 v} (Fig., 5).
oel g o]t A F WAL FAS B A
s, 1169 el A £33 MFAY X o (delayed
bolus injection, Ab) A ¢ WALl kol 2.52e]4h)
A Eel gz, 28 (FH 4, 1D AL WA 54949
P39 FA}(extravasation of radionuclide)ei] > <l 5-

Ak
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Table 3. Case Summary of Left to Right Shunt Patients (Qp/Qs>3)

Pulmonary to Systemic Flow Ratio (Qp/Qs)

Case Sex/Age DX
QRAC with DA QRAC without DA Oximetry
1 F/31 VSD 2.03 >3 1.90
2 M/10 ASD 1.68 >3 2.20
3 F/34 VSD 2.18 >3 3.00
4 M/10 ASD 1.90 >3 2.56
5 F/3 VSD 1.89 >3 1.73
6 F/22 ASD 2.63 >3 3.00
7 F /50 ASD 2.76 >3 2.50
8 M/22 ASD 1.98 >3 2.00
9 F/9 ASD 1.83 >3 1.83
10 F/23 VSD 2.30 >3 2.16
11 M/6 VSD 2.26 >3 2.41
12 F/20 ASD 2.76 >3 2.80
13 M/17 PDA 2.70 >3 2. 86

QRAC: Quantitative Radionuclide Angiocardiography

DA: Deconvolution Analysis.

Up/Gs
with DA
3t [
e
o e
[ 1 /
e o S
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7
&
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2®
® ¢, 06 ®
n=24
y=C.64x+0 40
r=0.53(p (0.005)

i 2 3
Qp/Qs without DA

Fig. 4. Relation between Qp/Qs ratios obtained by
radionuclide deconvolution analysis (DA)
and gamma function technique.
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Fig. 5. Thirteen patients whose Qp/Qs were grea-
ter than 3. 0 by Gamma Function Technique.
Relation between Qp/Qs ratios obtained by
radionuclide deconvolution analysis(DA) and
oximetry.
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196411 ¢l Thompson 5¥-& gamma-variate 23 =
HE 39 &% Bastgdrh o] T2 rapid up-
slope, peak, exponential decay & ®ojwl o]algt w
Fe AAHQ 27 HEFH AR—BASTHd5 f4
3 mofg A Ach(Fig. 6).

ZA9ude] & FANAL Bdehe S5 o] u
AR EALe 257 Addel vehdeh, AuESg
tehe 538 22 (Qshunt)g 2335 Slsld, =
N 4EE 339 F4% H, scintillation camera &
o83t W& FAdlE FHLLY Ao wE ws)
£ 33849

o18A st Qejx) ) E-52A (pulmonary transit
curve)-5- £ 3t S E Zr)o] Fiste B33 g
2+ Fdd AEshEle BEe Yelste Qr/QsE 2
T 5 95 FAAdE 293 S5 A% 9
y.oz Cy/Cuul (Cy/C, ratio)®E T3l & §) 01} (Fig,
7)), A8 FAAER Q3td FAE AR ¢
3 gk,

1973134l Maltz 9} Treves 51L& gamma-variate

cti) Peak

Exponential decay

e
o

Fig. 6. Gamma-variate function
C(ti)=Ktiae ti’8
K,a, B: arbitrary parameters
Ti.: itk time
C(ti): concentration at this time

0oor

701

Activity(Percent)

Time
Fig. 7. C,/C, ratio analysis.

model & ©] 451 HEATAY 27 A T
e B Alegss 35 Bested 4FEd
v} (Fig. 6). :

Z 27 HEA35 gHe Aelz sx, AL
ZA3R A4 Agel e A SN FF(Qe)
< Eb R, Ak wERe Sshale 3 F%(Qshunt) &
Vel 2 E o2 T4 g8 Qe/Qs & T 4 Yt

Qp A,
QP/QSZ Qp—Qshunt = Al—Az

olZA st 23 Q/Qs & AL ALEBE
Wak £& AaddAst geld QA de o=z
ok, 7R3 FAs uhabA R 28 Ao 3,
53] ot@ay A Hu 0%AAE 2B FA
9 st Basn 9ue,

197934 Alderson 55.& gamma function 3 -& ©
$ ABRS £AANFAF EAA AR Fske
o WA s 9 3E A shr] $15ke deconvolution E-
A9 A =Ygl F | A4 ASA =
9] WAL =9 %724 (input bolus curve), B(t)
S SAFAE €AW FAA o FolRE A9 A F
324 (pulmonay trausit curve), L(t)d] g ZAA
ek A A A28 53— FA (obser-
ved pulmonary time-activity curve), O(t)+ B(t)¢}l
L(t)8 convolution product(*& EA])o|wt,

O(t)=B(t) *L(t) :

Convolution @ )¢ & 5lw convolution product ¢
9 & Fourier & gH12~92 2}7ke] Fourler W &7e] 4k
$d22 Fadd & A% SUakmE

FLO(t)I=F(B(t)%L(t)]
=F[B(t)IXF[L(t)] ‘

o]} g+ A4 2X-5 pulmonary transit curve, L(t)&
T3] gt 43 #® Ag—deF4, 0k =
J47+34, B(t)E #7 Fourier i, F, &

FLO(t)}/F(B(t)J& T3t o7 Fourier 4%,

Pl Agsa Aok

FLL(t)1=F[O(t)]/F(B(t)]
Lt)=F*F[L(®)]
=F1.[FO(®I/FBM®IT
o]24 3te] pulmonary transit curve & F&t& 3}
¢ deconvolution o] g}z s}, Alderson §-& o] ¥
g o] g3ted, AlAYY A Z—#AFFAE B =
i A2 5§ AR—wA5ZAE Ot) = sk decon-
volution 244 93t #53F4, Lt)E T3 Ht
& T A% deconvolution £4-& o]-§3td T
Qr/Qs ¢+ gamma function W¥ko 2 F§ Qp/Qs & 4k
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Table 4, Case Summary of 5 Patients without Shunts

Pulmonary to Systemic Flow Ratio (Qp/Q)

Case Sex/Age
DX with DA without DA.
1 M/5 VSD, COA Po. 1.05 1.50
2 r/2 VSD Po. 1. 00 1.62
3 F/34 VSD Po. 1. 03 2.55
4 F/12 VSD Po. 1.00 1.33
5 M/3 VSD Po. 1.03 1.51
Po.: postopérative state
COA: Coarctation of Aorta
VSD: Ventricular Septal Defect
£ 23T 3 vl wi 23}, deconvolution B4 &3] ~1.840190 5}, o)At A] wkere] ¢l 7%, deconvo-
A %=7F 0,614 0,872 S7hetE AL ¢+ 4 lution -4 &8 Qp/Qs ¥ AAE 1.062E FA
A=k olE Alderson $o] Rxd vhsh 2ol ¢4 Hu o]k 44F AdRTe 4T& A W T

FAe W] BE Qe/Qs TS A
A AEd AL A4k,

Bourguinon s} Links 57 ¢] 3}, 29
= i A 495 o4 el 94
g AZ—PAFFHeR A AZ—WAFIA
deconvolution A|7] =, o] #] Qo] TAL, 3z}
AR 2ol g AR, AEA GAR
A% £AARFAL o) 2R E A W A
X4, 5 Ao :f{ Hale]l d<=(pulmonary
transfor function)7} ==},

el ¢ gamma-variate model z} 4l o] s o] g
o] &3t Qp/Qs & T3 W& v} deconvo-
lution g4 olelslr L o Fel A AxsA gorot
FF o W Agdedor T ALE AAH ek o
% deconvolution ¥-& AP wf ¢ AL = AA
Q¢ AL AR FFE T 4 slo], 9gHoE
gamma funétion O F ZAAE File ARG FE A
olxz AEste, AANgsd A= (d, Y
A9 AaA el sAFdtte Aotk & $44
g A L—W}H—ﬁaz AR A FA L dec-

€9+ 94

© /‘J ‘A

=

m[o oy 2

=z

2 B
TE

onvolution 715 47 @A, A4FAA @,
x‘;ﬂ&%m@%w% A4 FFE AAD
ANFEE TE 4 o} A7 wol e B2 1

A w4 G U E debglAl vk
2 QT4 wEel g %X}iﬂ 149 Qe/Qs 3t
9 WAE Lohesl Hobed 10339 D EZTVAE o)

Ao ® Qp/QsE 3 Ak, Q/Qs9 FAE =
deconvolution 242 Ag3k 77+ 0.96~1.060] ¢

i, gamma function Yl ® 2 59d-L wl (.87

AR At 9L Aoz Ausch qge] g &
AEANA Q/Qstd AMEYE Tebe FAAAA,
deconvolution 2A-¢ A &3str] Az JFo F3 3
o]& BY® 549 FAE Zasl] B AsbE o]E 5

L 2% AAEFY FAEA Ao =te] ggoH,
e Zapare] EAA] gl9lew, deconvolution
o &3te whee] gl Ao sSrkslglch o4

EA4L s aate] At 4] So
X (specificity) = gamma function 2} F& A2
A &5 9 v} (Table 4).

Table 2¢] 244 case & X /g Ex}Ed o3 &4
A9tz eddAe AL AL =AY
5ol g9 o) ALz =R 98 Qe/Qs & 1.00
2= whabe] gl ALE A&k o] A ga-
mma function o] ¢35 Qp/Qs & 1.580] ¢l 2, deco-
nvolution W¢] &3 Qp/Qs = 1.052 ZAH g} o
ZHA B FL wlebge] e Zr7h FebA 4k
£FxFaEg o2 Ruke] 52 gE 799 deconvolution
EAdd g Qe/Qs & 1.0524 A A A4eH
(1.06) Bl ZHA] 2359 o, gamma function ¥l
g Qe/Qs & 1582 kil gle AL2 344
gk o] FelAE £4AY T4 BAS 2

| ooz o g Rolst B W ALl A

of| 4] deconvolution

9% o 24T sueker ¥ ALs AEAR.
= =
Sopgel gx EAA YA EALEADRE
2ol 9% Qe/Qs A £RA YT Holo] 7
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A& 23E WAk 98l deconvolution B4 ol
28 Qr/Qs &) 99§ nAstmA a4oukge] g 37
B A=A Y 2T 1085 dAeE RAYENY
A& Adazd <& AYstey deconvolution E44 1
gamma function W22 249 Qp/Qs & 233 4
£E3EH] 23 Qp/Qs o vl F4 3t g5 2
£ AFAE dgr

1) whztel gl 10399 W 2F&ale]4 gamma
function ¥ 93 Qp/Qs = 1.1030.12 9 3 decon-
volution E4¢] 2%+ Qe/Qs = 1,014-0.03 o] =},

2) Deconvolution #{efl ¢4t Qp/Qs 8} AL TFH =W
ofl 95 Qp/Qs S A= 0.87(p<0.001) o]z,
-gamma function ol &3 Qp/Qs 2} AL T3 T H o
23 Qr/Qs 9 A& 0,61(p<0.001) 24 J4X
slxyzte] AbalalAld]l gle] 4 deconvolution ¥ o]
gamma function Hel wef ¥ 2L AARAET B
il

3) AaTHEYl &gk Qp/Qs 7} 30l 5he] w4, ga-
mma function ¥l 3t Qp/Qs 7t 30] Ao} glwl 133
A #BAEL Aol £3YYFAALY BAlge] B
7= 9l.em o] &2 deconvolution 24 &3t Qp/Qs
€ 53T A A2 EY 3} Hog A S 2
Arh(r=0.68, p<0.01).

o] b8 AslaRe, FAfuigte] d AAHA A
P A el 4] deconvolution 4P ¢]-83 Qp/Qs =
Y2 F04 gamma function o] 25 Qp/Qs =
AYEct o AGsty, £33YFA G G @
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