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Radionuclide Angiocardiographic Evaluation of Left-to-Right
Cardiac Shunts: Analysis of Time-Activity Curves

Ok Hwa Kim, M.D. and Yong Whee Bahk, M.D.
Department of Radiology, Catholic University Medical College, Seoul, Korea

Chi Kyung Kim, M.D.
Department of Chest Surgery

The noninvasive nature of the radionuclide angiocardiography provided a useful approach for the
evaluation of left-to-right cardiac shunts (LRCS). While the qualitative information can be obtained
by inspection of serial radionuclide angiocardiograms, the quantitative information of radionuclide

angiocardiography can be obtained by the analysis of time-activity curves using advanced

method were used to evaluate the accuracy of detection and localization of LRCS.

One hundred and ten time-activity curves were analyzed. There were 46 LRCS (atrial septal defects
11, ventricular septal defects 22, patent ductus arteriosus 13) and 64 normal subjects. By computer
analysis of time-activity curves of the right étrium, ventricle and the lungs separately, the count
ratios modified by adding the mean cardiac transit time were calculated in each anatomic site. In
normal subjects the mean count ratios in the right atrium, ventricle and lungs were 0.24 on average.
In atrial septal defects, the count ratios were high in the right atrium, ventricle and lungs, whereas
in ventricular septal defects the count ratios were higher only in the right ventricle and lungs. Patent
ductus arteriosus showed normal count ratios in the heart but high count ratios were obtained in the
lungs. Thus, this count ratios method could be separated normal from those with intracardiac or
extracardiac shunts, and moreover, with this method the localization of the shunt level was possible
in LRCS. Another method that could differentiate the intracardiac shunts from extracardiac shunts
was measuring QP/QS in the left and right lungs. In patent ductus arteriosus, the left lung QP/QS was
higher than those of the right lung, whereas in atrial septal defects and ventricular septal defects QP/
QS ratios were equal in both lungs. From this study, it was found that by measuring QP/QS separately

in the lungs, intracardiac shunt could be differenciated from extracardiac shunts.
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Table 1. Summary of Cases Studied

Diagnosis

Age range (mean)

No. of patients

(year)
Normal
children 3-14( 7.6) 19
adults 22 — 73 (46.8) 45
ASD 3 —44(18.4) 11
VSD 2-18( 9.0) 22
PDA 2~ 27(10.6) 13
Total 110
Abbreviation:  ASD = atrial septal defect
VSD = ventricular septal defect
PDA = patent ductus arteriosus

Fig. 1. Normal radionuclide angiocardiogram. Regions of interest are outlined by light pen over the heart and lungs,

separately,
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Fig. 2. Normal time-activity curves,

A)

B)

Curves and annotation generated from Histogram processing program,

The curve in each quadrant corresponds to the annotation in right side. The time-activity curve of the
superior vena cava shows in quadrant 1,2 :right atrium,3 : right ventricle,4 :lung. The asterisks (*) repre-
sent the areas (pixels) outiined by light pen, OA means original area and NA is normalized area. All
areas are normalized to the area of the superior vena cava,

Schematic drawing of the time-activity curve, Method of analyzing the time-activity curve is explained.

SvC ! RA RV

NORMAL

-

Rt Lung Lt Lung

Fig: 3. Normal time-activity curves obtained from the right heart chambers and the lungs. All curves show

monophasic, a sharp upslope and downsiope. SVC : superior vena cava, RA : right atrium, RV : right
ventricle,
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Time-acitivity curves of left-to-right cardiac shunts.

A)  Atrial septal defect. Time-activity curve in the superior vena
cava shows a sharp bolus, but the curve of the right atrium
reveals prolonged downslope after peak by early recirculation
of radionuclide through the shunt, The right ventricle and the

lungs are similar to the RA curve due to shunt,

B) Ventricular septal defect., A second peak of early recircula-
tion can be seen in the right ventricle and also prolonged
downslope in the lungs by shunt, The superior vena cava and

the right atrial curves show a sharp downslope.

C) Patent ductus arteriosus. Interrupted downslope sharpness by
shunt can be seen in the lungs only. The curves of the right
heart chambers are similar to a sharp bolus of the superior

vena cava,
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Fig. 5. Comparison of count ratios {(mean * standard deviation) in each anatomic area in

non-shunt normal children and aduits.
Standard count ratios (Ct/Cp) show wide range of values in each anatomic area,

A)

but no difference can be seen in the children and adults.

B)

anatomic site,

Modified count ratios (Cp + ¢/Cp) show stabilized ratio of under 0.4 in each
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Fig. 6. The ability of modified count ratio method to separate normals

from patients with [eft-to-right shunts and comparison among

shunt groups are seen.

A} Count ratios are compared between the right atrium (RA)
and the right ventricle (RV) to localize the shunt level,
B) Count ratios are compared between the right and left

lungs.
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Fig. 7.

Method for estimating pulmonary-to-systemic flow {Qp/Qs) ratio by gamma variate fit method. Quadrant 1

represents a time-activity curve of the superior vena cava as a bolus, The right fung time-activity curve is seen
in quadrant 2, that is overlapped to a gamma variate fit. The derived gamma variate curve subtracts the original
pulmonary curve, resulting in another curve that represents shunt and systemic recirculation (3). This new
curve is again fitted to a gamma variate curve and pulmonary-to-systemic flow is estimated (4). In this normal
subject, the right lung Qp/Qs is 1.11 and the left lung is 1.15.
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Fig. 8. Pulmonary-to-systemic flow (Qp/Qs) ratio in left-to-right shunts,
A} Ventricular septal defect. Qp/Qs ratios are 1.41 in the right and 1.47 in
the left lung, which indicates small shunt,
B) Patent ductus arteriosus. The estimated Qp/Qs ratios is 2.21 in the right
lung and 3,11 in the left lung, with a much greater amount of early pul-
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Fig. 11. Comparison of the shape of bolus in two normal time-activity curves, Note the shape
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This results in higher Ct/Cp ratio.
B) An upslope curve is not steep as in A and the corresponding time to peak
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