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Independent Component Analysis for the Blind Separation
Of Spatially Independent Components From Hx°O
Dynamic Myocardial Positron Emission Tomography
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Abstract

We applied the ICA method to separate the ventricle
and tissue components and to extract left ventricular
input function from the Hy®0O myocardial PET under
the assumption that the elementary activities of
ventricular pools and myocardium were spatially
independent, and that the mixture of them composed
dynamic PET frames. ICA-generated left ventricular
input  functions were  compared with the
ROI-generated ones, and also with the invasively
derived arterial blood samples. Moreover, the rMBF
calculated with the ICA-generated input functions

and single compartment model was correlated with
obtained with  the

the results radiolabeled

microspheres.

Fig. 1. Positron Emission Tomography (PET)
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I. Introduction

Based on the differential equation for the kinetics
of radiopharmaceutical, regional myocardial blood
flow (MBF) can be estimated using the time
activity curve (TAC) of the blood pool and
myocardial tissue measured by positron emission
tomography (PET). In the quantification of rMBF
using Ho0 dynamic PET, the input TAC could be
obtained by sampling the blood from the artery or
by drawing the region of interest (ROI) on the left
ventricular (LV) area in the PET image. Arterial
blood sampling is too uncomfortable method for both
the patients and operator since it should be
performed several times during the PET scanning in
rapid manner. In contrast, the non-invasiveness in
the method of drawing the ROI could reduce the
patients and operator’ s burden.

It is, however, hard to identify the anatomical
structure of the LV on a PET image to draw the
ROL The reason is because Hy®O with bolus
injection is rapidly and evenly distributed over the
whole cardiac regions, such as the left and right
ventricle (RV) and myocardial tissues.

Biomedical

separation by Independent Component Analysis

application of the blind source

(ICA) has received considerable attention because of
its plausibility to biomedical signals. In this study
we applied this fairly novel approach to the problem
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of noninvasive extraction of LV input function from
the Hz"°O dynamic myocardial PET image.

I1. Independent Component Analysis

Let' s assume an N-dimensional zero-mean
random variable s(t)=[s:(t), -+, sn(t)]”, such that the
components si(t) are mutually independent. In real
environment we can observe mixed signal x(t) at
each time point t, such that x(t)=As(t). The goal of
blind source separation using ICA is to find a linear
transformation W of the mixed signal x(t) in order
to make the outputs, u(t)=Wx(t), as independent as
possible.

Information maximization approach provides a
general learning rule for ICA. The learning rule can
be derived by maximizing the output entropy H(y).
The joint entropy at the outputs is

H(y)=H(y1,"--,yn)=H(y1)+---+H(yn)-1(y1,"--,yn),

where H(yi) are the marginal entropies of the
outputs and I(yi+,yn) is their mutual information.
Extended infomax learning algorithm to maximize

the joint entropy provides a simple learning rule for

sources with a variety of distributions.
Extended infomax learning rule can be summarized

as following equations,
AWe [ I-Ktanh(wu™- uu’ JW

where K is an N-dimensional diagonal matrix of
which element ki must be

ki =sign(E{sech’(u)YE{w2}-E{(tanh(w)lu;}).
III. Methods

555~740 Mbq Hz°O was injected to 6 dogs at
rest and stress and dynamic PET scans were
performed. On the transverse slices of static images
containing the biggest heart, original images were
masked to reduce the extracardiac noise and include
only cardiac components. The 32X32%X4 (pixelX
pixel Xplane) selected dynamic images with 24
frames were summed to four input vectors for ICA.
All the data points were passed 1000 times through
the learning rule using a block size of 10 for batch
learning. The learning rate was fixed at 0.0005.

Parametric maps of the covariance between each
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Fig. 2. Schematic diagram of ICA
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voxel and resulting independent component were
composed.

Independent components for LV and RV were
rescaled by the maximum values in the ventricular
pools that were extracted from the parametric maps
of the covariance.

We computed rMBFs using the input function by
the ICA and compared them with those by the ROI
method. Tissue and blood pool TACs were obtained
from the manually drawn ROI on the image of
myocardium that was made by simple subtraction of
the initial 30 seconds’ image from the two minute
s’ one.

rMBF was estimated using single compartment
model. Moreover, the rMBF calculated with the
ICA-generated input functions and single
compartment model was correlated with the results
obtained with the radiolabeled microspheres (n=5
dogs).

IV. Results

In all the cases, LV input functions were
extracted successfully by the ICA method. The
log-likelihood increased rapidly and reached plateau
between 15 and 20 repetition of training. The results
were consistent in all the canine studies. Even
though we realized the ICA algorithm and reading
process of PET image by the low speed computer
language, Matlab (Mathworks, Natick, Mass., USA),
computation time for whole process was less than
15 seconds on the workstation with 333 MHz CPU
and 128 MB memory (DEC AlphaStation 600, Digital
Equipment Corp., Maynard, Mass., USA).

Figure 3 shows the resulting independent
component images. ICA-generated input functions
showed good correlation with the ROI-generated
ones (relative error=4.9+11.8%), and showed similar
shape with the arterial samples except for the time
lags. LV activities by the ICA and blood sampling
are compared in Figure 4.

rMBF with ICA was in agreement with the
previously reported values and showed good
correlation with the result by microsphere (r=0.95,
p<0.0001) (Fig. 5 and 6).

V. Conclusion
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Using the blind source seperation by ICA, we
could non-invasively extract the input function for
the compartment modeling of myocardial perfusion
from the Hz"0O PET images. The rMBF using the
LV activity by the ICA as the input function was
correlated well with that by the ROI method. Since
all the process was automatically achieved with very
short computation time, it will be clinically useful
for the quantification of the rMBF using H."0
dynamic PET.
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Fig. 3. Extracted independent components
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Fig. 4. Left ventricular blood pool activity obtained
by ICA and arterial blood sampling
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Fig. 6. Correlation between blood flows obtained
using ICA and microsphere technique



