EDITORIAL

Of Theoretical Derivations and Empirical Evidence

The method proposed by Hansen
and Siegel is based on the reason-
able postulation that “the attenuation
of thallium (photons) could be deter-
mined from the ratio of detected
counts from the low and high energy
(photons).”

In support of the postulation, they
derive and then verify (by narrow
beam attenuation measurement) that
such a (linear) relationship exists. An
empirical design is finally proposed in
support of the final assumption,
namely that the ratio of counts in the
reconstructed image is related to the
density underestimation by the same
linear relation which was shown to
relate them in a narrow beam geom-
etry attenuation measurement.

It is the final assumption that re-
quires verification on theoretical
grounds, while the evidence in sup-
port requires reevaluation.

The (projection) data from which
the tomographic images are recon-
structed are the integral of the counts
originating from activities along the
projection rays, modified along the
way by attenuation:
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Chang (/) proposes that as a first
approximation the pixel value in the
reconstructed image can be seen as
modified by the arithmetic mean of
the absorption along the M rays de-
fined by the projection data:
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Consider in contradistinction the
relationship proposed by the authors
between absorption and the ratio of
counts, but rewritten in terms of the

Received Apr. 21, 1992; accepted Apr. 21,
1992.

For reprints contact: Michael L. Goris, MD, PhD,
Division of Nuclear Medicine, Stanford Universi
Medical Center, 300 Pasteur Dr., Stanford, CA
94305.

1578

absorption coefficient and the dis-
tance:
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The derivation provided in the Ap-
pendix does not apply to a situation
where the (low counts-to-high counts)
ratio is defined by a sum of exponen-
tials, and therefore the case proven for
narrow beam geometry remains un-
proven for reconstructed data. In ef-
fect, the authors substitute a summa-
tion term for a single term, without
theoretical validation:
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Whether an analogous functional
relation could be derived from the first
principle would have been moot in
the presence of strong empirical evi-
dence that there is one. One could use
a homogeneous phantom, reconstruct
for the high and low energy and see if
the correction needed to obtain a ho-
mogeneous image with the low-energy
data is predicted by the ratio of the
densities in the low- versus high-en-
ergy image.

This “direct” evidence is not pro-
vided. Rather, the authors show how
the correction factor derived from
narrow beam geometry “improves” a
cardiac phantom image. Depending
on one’s faith in the reliability and
reproducibility of photographic dis-
plays, one would accept Figure 2 as
evidence. The profiles in Figure 3
seem to be more reliable (with one
reservation discussed in the next par-
agraph). As they are, however, they
fall short of being convincing: The
profile of the corrected image differs
in detail from the “air’ image profile,
and it is difficult to gauge if, following

global normalization, the difference
between “air” and “uncorrected”
would be any more significant, but
the claim of improvement does not
seem eccentric.

The reservation is again based on
theoretical considerations: to avoid
stochastic noise effects on the low-to-
high ratio, the authors use a lower
frequency filter for the reconstruction
of the images used to produce the
ratios. However, filtering influences
the modulation transfer function.
Such an influence on the modulation
transfer function can be thought of as
displacing counts. When different fil-
ters are used for reconstruction and
for ratio definition, the ratio value
computed in a location (x,y) cannot
be said to apply to densities at (x,y).
The effect would be most noticeable
at the edges of the image object, if
edges are defined as regions of high
local contrast. If such an effect exists,
it would not be revealed by the (max-
imum density) profiles shown in Fig-
ure 3. They are not obvious in Figure
2, but one cannot really tell.

In conclusion? A reasonable ap-
proach has been proposed to at least
compensate for, if not correct for,
selfabsorbtion in 2°'T1 SPECT images.
The theoretical derivation is exact, as
far as it goes, but fails to include the
(necessary) transition to the situation
of multiple (angular) measurements.
The empirical support could have
been improved. However, contrary to
the editorial stated by Dr. Strauss (2),
in this case, the editorial does not have
the last word.
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