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Fig. 1 Four compartments corresponding to the lungs,
left and right heart, and surrounding organs.
C’s represent RI concentrations, 7’s represent
staying times which are ratios of organ volume
to blood flow. The shunt flow is the difference
between pulmonary flow Qp and systemic
flow Qs.
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Fig. 2 The time regions in which the parameters are
effective on the time activity curves generated
over the ROI’s of the right heart and the right
lung. The hatched time region’s A-D are used
to evaluate the function D in eq (2) in order to
determine the corresponding parameters.
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Table 1 The ranges of the parameters set in the auto-
mated computer program

minimum maximum
THR 0.5 4.85
T, 0.5 4.5
THL 0.5 2.0
B 5.0 35.0
tre 0.3 1.5
tas 3.0 9.0
[9:3: 4 3.0 9.0
Qr/Qs 1.0 3.0
(unit: sec)
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Fig. 5 Correlations between pulmonary to systemic
flow ratios obteined from four-compartment
model and oximetry. Correlation coefficients
are 0.95 for infants and 0.98 for adults.
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Fig. 6 Distributions of staying time at the right heart
for infants with shunt (A), adults with shunt
(B) and adults without shunt (C). The staying
times at heart for adults with shunt shows
remarkable scattering.
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Fig. 7 Distributions of staying time at the lung for
infants with shunt (A), adults with shunt (B)
and without shunt (C).
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Fig. 3 The observed and fitted curves for the lung displayed on the color monitor.
The optimun value of the parameters are also displayed.

Fig. 4 Various types of observed curves (red) can be fitted by the calculated curves
(white) using the four-compartment model.
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Summary

Quantitative Left-to-Right Shunt Evaluation by Four-compartment Model Analysis

Katsuyuki NISHIMURA*, Tatsuya MiYAMAE*, Yutaka DOHI**,
Keiji NAKAZAWA*** and Katsumi ISHI***

* Department of Radiology, Saitama Medical School
** Department of Internal Medicine, Saitama Medical School
*** Department of Radiology, Kitasato University

Assuming that the blood circulation in human
body is expressed by four compartments corre-
sponding to the right heart, lungs, left heart and
surrounding organs, the pulmonary to systemic
blood flow ratio Qp/Qg is determined by comparing
observed time activity curves generated over the
regions of interest (ROI’s) of the lung, the right
heart and the innominate vein with those calculated
from the four-compartment model. The method
takes into account the information of input bolus
curves so that a bad bolus does not affect so much
the applicability of this method. Since the method

uses the parameters such as staying times of radio-
nuclide in organs or delay times between organs,
varieties of organ sizes and blood flows from
patient to patient do not lead to errors. We devel-
oped a computer program which finds out auto-
matically the shunt rate. The ratio Qp/Qs obtained
with this method have a good correlation with that
obtained by oximetry.

Key words: Left-to-right shunt, Four-compart-
ment model, Pulmonary to systemic blood flow
ratio.
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