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Summary

An attempt was made to establish a newer improved method of calculation of left-to-right shunts
using radionuclide angiocardiography. Iterative deconvolution analysis was applied to reconstruct a
deconvoluted curve assuming a pure bolus type of inflow to the main pulmonary artery. Pulmonary
to systemic blood flow ratio was calculated as ratio of the area under the first curve to the area under
the shunt flow curve (Q,/Q;). The materials were 22 cases with left-to-right shunts (13 with ASD, 6
with VSD and 3 with PDA). Four cases without a shunt were studied as the control. ™ Tc-HSA was
injected as a bolus into the right antecubital vein and the first pass was recorded through GCA-202
Toshiba scinti-camera. Iterative deconvolution analysis was performed on the pulmonary time-activity
curve and the first and shunt curves were separated and the ratio of Q,/Q; was calculated. An excellent
correlation was found between the ratios thus obtained and by ordinary oxygen method during right
heart catheterization (r=0.95, y=0.905x+0.200). The correlation was better as compared to the correla-
tion between Q,/Q, obtained by the Maltz’method and oxygen method (r=0.83, y=0.743x—0.660).

The present method appears to be of more value as compared to other previous methods.
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Fig.1. A scinticamera and on-line computer
system in this study.
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Fig. 2. The determination of Qp/Qs ratio with deconvolution analysis method.
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Table 1. Results for patients with left-to-right shunts
No. Name Diagnosis Sex Age Qp/Qs ratio
Oximetry Deconvolution Gamma
1 N.Y. ASD F 10 3.10 3.37 3.04
2 Y. M. ASD F 52 2,39 2.14 2.73
3 K. M. ASD+PH F 50 3.89 3.78 3.23
4 O.K. ASD+PH M 72 2.56 2.62 2.03
5 H. M. ASD+PH F 41 2.94 3.17 3.83
6 0. K. ASD+PH M 7 2.38 1.9 2.01
7 K. H. ASD F 48 1.56 1.89 2.28
8 T. K. ASD F 13 1.81 1.71 1.37
9 D. N. ASD F 23 2.05 2.33 2.20
10 I. M. ASD+PS F 15 2.13 2.41 1.65
11 Y. H. ASD M 26 2.13 2.05 1.34
12 M. K. ASD F 57 2.60 2.50 1.85
13 H. K. ASD+PS F 42 1.69 1.38 1.85
14 Y.F VSD F 10 2.22 2.16 1.57
15 M.S. VSD+MI F 74 1.51 1.79 1.26
16 N.S. VSD F 6 1.52 1.39 1.36
17 Y. Y. VSD M 26 1.23 1.10 1.0
18 0.Y. VSD M 34 1.17 1.08 1.03
19 T.Y. VSD F 19 1.50 1.62 1.35
20 K.S. PDA M 1.5 1.29 1.32 1.0
21 K. H. PDA F 19 1.77 1.56 1.56
22 M. C. PDA F 21 1.35 1.37 1.21

* Oximetry =oximetry method; Deconvolution=Maeda’s deconvolution analysis method; Gamma=

Maltz’s gamma function method.
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Fig. 3. The linear regression analysis of radio-
nuclide deconvolution analysis method vs oxi-
metry-determined Qp/Qs ratio. y=0.905x+0.200.

Maltz & 0F58:TFEH 17 & 201235V T Qp/Qs
i 1.0 ©, SHEFEAL xAeh ol

) ES

EAEROKEESEHZEN T 5 R/EH 4 U
i, 1962 4 Folse 35 % ¢ Braunwald 2k v %)
»wTifbhie. ok BU-diodrast # KERHAR
RHEAL, 3y 22— —8f{rrFLr—varth
HEioT, fifE%o time-activity curve #% %},
1960 4z FgF S iz Carter® D@EEMNREICE
i3 CofC, ki T, time-activity curve # fZif
Lic. #6RIERELERERRBEBE & o
i, CofCy oM ER Bz, C/C i
LER ORI OV TERBRICL Ty,

1971 4¢ Rosenthall'® 33, % 7= 19724123 Al-
azraki 5P RFY CofCy TEIY HiF, T
QEEFHLERERR L OMICHMAZERERD
T s, GfC i mikoBfRicx L TiHA
L LTE LT, C/C trirE ARG D2z
RERATH B, ElkoERlEcREL T

Radionuclide angiocardiography {2k % Qp/Qs It

v EEZORE. REUCEKREERET S
IZix, ffifisgioo time-activity curve Lk bV, Hf
BRSO £ E £\ first curve & shunt curve *
i sHERELCTL 5.

1973 4g, Maltz 543, ERsh i EHIRK o
time-activity curve % % <RIz T fitting 3
Bz Lkizky, first curve Lt shunt curve %%
L, Zh¥ho curve FTOmHE HM+ 52
ik VEREERET 5 LICRIILE. 20
# 1975 4 Alderson &', 1977 4 Schneider
SROEENRDHD. Zhivbwd area HTH
%%, #61k#h#h radionuclide angiocardio-
graphy ic & 93k &z Qp/Qstt &, oximetry
itk ok shi Qp/Qs L i RFAMM &S
- L REE LTV Zok Sicarea gz RV
hif, FEBEICHESMBETEIC TERK RO T
ENTETHS. L LiEkoREETR, T
L BEER R RERIRE VEAEhT RY,
g TORDOMEEZT THICHAT 2REAICE
i A ) OREIBEER Y EHL TR D, il
L V8o h 3 time-activity curve DOREHTIE L
FLIEETHS. CofEIHL, 19744 fi
M6 ix, FEH&hic time-activity curve {Z-oVv
T iterative deconvolution analysis #4795 Z &
XA L. Re oAV LI
£V, AAMWEE LTRA ZFIR (TR
U 2 TEEA LB o h 5, i
<o time-activity curve (Z{8X+ 3 decon-
voluted curve %{ERk L7<. Fig. 2 iZ;r+ & ¢,
YR & hi- curve Titiz e A YERLFICE S
Ry EZED Lo 7= b @ 33, deconvoluted
curve TiI O »REKMTED peak 2BH 5
EMRTEL

SRk~ ik, ASE L THiBiRERE, HhL
L CHlifEig o time-activity curve % v 7z itera-
tive deconvolution analysis %, #fiZERE®E
FER 2 FC A L. #5647z deconvoluted
curve (ffifIRERIBIC HHEYE & HREAL
FHFIC 5 h B time-activity curve IZ4HY) %

— 1093 —



Fi, &EH, BB, 32

BYTLC, B ERHL, r=095 LIERICA
FaRatE Bz, Zhiz#El&hi: time-activity
curve L Y f#i##r+ 5 Maltz &, Alderson & Dk
B (gn#h r=0.87, r=0.88) Li~=T, ik
Bbok bERHEERL, FEYHLER 2
i y=x Th)H, Ll —BMERLL.

ZD k) B oR AN, FE & LT subtracted
curve DERKIMHEDORS HHRESR peak ZFHL,
EfER fitting RAfECh -z LTk 3. —F,
EJo time-activity curve v 3 Maltz 50
Bk Tid, subtracted curve &IOS
P, TORWICHFRES LE R VE I 2w, E
B S EHEE L 22 5.

¥, Maltz 5ok X hiE, Qp/Qs W
L2 TFoEREkeEliTs LaEETSHY,
Qp/Qs A 3.0 B2 LR ER RAJHEL 25
t@EEhTys. Qp/Qs En 3025k 5
REMREOZ ERER T, ERnICE 558
SGhRKEIH, first curve O TFTIHIO S A5
72<7%Y, IERC fitting TERAY, BRI
EVHFEILR D LELXObNSD. ¥, Schneider
LEARERKD 10~15% RERMERTETH S
EBRTw3B. Fhiclkl, F4 o deconvolu-
tion analysis #35H] L7zA&#kiz, oximetry |2 )
Rk bhie Qp/Qs At 3.89 LEi% 7T b
DEFH, SPEMICERNERECD > #
B Maltz 5ok kc Lz, FEfE#H T Qp/Qs
Hbfm L, M 17, 20 CrEHRIRHs h&
wic, ERERESZEL X ol

¥, @KERFLRVa be—A 4 HIcE
wTh, RET Qp/Qs HEFM LA, +XT
ERRIMLFEIZ X 5 peak 28w ¥, 1.0 Th h Ak
DR RAEHFEA & o ie.

FERBIT, »oMRIE T Qp/Qs WAL
5 58%R, BEEEDOTHERT, LT
HIZITE & USRS 0k ) & LRESLER
B, JERICHIfFShaRE®RLEXS.

# =

1) ZEhAEKEBICEIT S, radionuclide an-
giocardiography 756 h 3 liffii ¢ time-
activity curve {22\ T, iterative deconvolution
analysis #ERIL7z. 8 & h 7z deconvoluted
curve L D, ik ¢ time-activity curve 0
shunt flow ic X 35 ZHABL L, area ik
» Qp/Qs W& FH L.

2) HMEREREB2H)IC BV T, FEiC
X E L Qp/Qs bix, oximetry & DfE
& r=0.95(p<0.001) D piF MBI ER L. %
7-[EVREAR L y=0.905x+0.200 T - 7-.

3) fhotsko HEZMBEY: L O LTI,
b o L bENTCEBER L.

X

1) Folse R, Braunwald E: Pulmonary vascular dilu-
tion curves recorded by external detection in the
diagnosis of left-to-right shunts. Brit Heart J 24:
166-172, 1962
Maeda H, Furukawa, Y, Kishida A, Yamaguchi
N, Taguchi M: Computer processing for dynamic
studies of the central circulation. Proceedings of
the First World Congress of Nuclear Medicine.
771-772, 1974, Tokyo
3) Maeda H, Furukawa N, Nakagawa T, Yama-
guchi N, Taguchi M, Hamada M, Nakano T:
Transfer function analysis of circufatory system
based on iterative deconvolution method in ra-
dionuclide angiocardiography. Jap ] Nucl Med
14: 485, 1977
WifA##% : Iterative deconvolution analysis |- } 3
radionuclide angiocardiography 24T (FERGER
B LUK~ H), BES: 18(4) (BlkT).
5) Coulam CM, Warner HR, Wood EH, Bassingth-
waighte JB: A transfer function analysis of coro-
nary and renal circulation calculated from up-
stream and downstream indicator-dilution curves.
Circulat Res 19: 879-890, 1966
Neufeld GR: Computation of transit time distri-
butions using sampled data Laplace transforms.
] Appl Physiol 31: 148-153, 1971
7) Maseri A, Caldini P, Permutt S, Zierler KL:
Frequency function of transit times through dog
pulmonary circulation. Circulat Res 26: 527-543,

2

~

4

~

6

~

— 1094 —



1970

8) Maltz DL, Treves S: Quantitative radionuclide
angiocardiography. Circulat Res 47: 1049-1056,
1973

9) Carter SA, Bajerk DF: Estimation of left-toright
shunts from arterial dilution curves. J Lab Clin
Med 1: 77, 1960

10) Rosenthall L: Nucleographic screening of patients
for left-to-right cardiac shunts. Radiology 99:
601, 1971

11) Alrazraki NP, Ashuburn WL, Hagan A, Fried-

Radionuclide angiocardiography {2k % Qp/Qs

man WF: Detection of left-to-right cardiac shunts
with scintilation camera pulmonary dilution curve.
J Nucl Med 13: 142-147, 1972

12) Schneider P, Brill G, Klein CP, Oberhausen E:
Nuklearmedizinische Diagnostik von Links-
Rechts-Shunts. Z Kardiol 66: 79-82, 1977

13) Alderson PO, Jost RG, Strauss AW, Boonvisut
S, Markham J: Improved diagnosis and quantita-
tion of left-to-right shunts using area ratio tech-
niques in children. Circulation 51: 1136-1143,
1975

— 1095 —



