RELATIVE IMPORTANCE OF RESOLUTION
AND SENSITIVITY IN TUMOR DETECTION

The optimum compromise between sensitivity and
spatial resolution in a scanning system designed to
detect small regions of abnormal radioisotope con-
centration in vivo is still a controversial subject. Some
workers assume that smaller resolution diameters will
necessarily result in better detection, provided that
the resulting loss of sensitivity is not excessive.

Lack of proper appreciation of these factors can
lead to the inefficient use of a device in practice. The
purpose of this paper is to present an important
example of this, involving the relative merits of col-
limators for the detection of small abnormal volumes.

MATERIALS AND METHODS

At least two collimators are commercially avail-
able for scintillation-camera use with low-energy
gamma rays. One collimator is designed specifically
for °*=Tc (1.75 in. thick, 4,500 square holes). The
other is for isotopes emitting gamma-ray energies up
to about 280 keV (1.5 in. thick, 1,090 round holes).
The resolution diameter of the technetium collimator
is 1.5 cm (full width at half maximum, FWHM,
for a point-source distribution of **™Tc at 2.5 cm
depth in water); that of the 1,090-hole coarse col-
limator is 2.2 cm for ***Tc under the same condi-
tions. The point-source sensitivity of the technetium
collimator is smaller by a factor of four. The point-
source sensitivity includes counts recorded from the
entire photopeak and over the full diameter of the
image instead of four and not just the area included
within the FWHM or at 80% of maximum height.
These latter measurements, however, are more rel-
evant for the detection of abnormal areas in the pres-
ence of background counts.

It is generally accepted that a collimator will be
most efficient for the detection of small regions of
abnormal isotope concentration if the size of the
abnormal region is approximately equal to its resolu-
tion diameter (7). This suggests that the high-
resolution 4,500-hole collimator should be more
useful for **™Tc brain scans where detection of small
lesions is of interest, and many workers believe this
to be so.
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However, our measurements made with both col-
limators using the figure-of-merit theory developed
by Matthews (2) showed that the coarser-resolution
1,090-hole collimator was considerably more efficient
for detecting abnormal regions with diameters as
small as 1.4 cm although its FWHM is considerably
greater than this. These results are published else-
where (3).

Because some surprise was expressed at this re-
sult, we investigated this prediction further by carry-
ing out tests using bulbs of 1.1-, 1.4- and 2.3-cm
diameter immersed at various depths in a 20 X 20 X
12.5-cm deep tank in contact with the collimator
face. The concentration of ?°™Tc in the bulbs was
1.0 uCi/ml and that in the background tank 0.1
wCi/ml, giving a tumor-to-background concentration
ratio of 10:1. A series of pictures was taken using
the scintillation camera with increasing exposure
times under identical conditions with each of the
two collimators in place. The camera single-channel
analyzer was set to include the whole photopeak of
9mTc, In addition to recording the results on Pola-
roid film, the data were analyzed quantitatively by
feeding the x- and y-position pulses into a multi-
channel analyzer used in the bidimensional mode (4).

PHYSICAL RESULTS

The Polaroid photographs clearly confirmed that
in each case the 1.1-, 1.4- and 2.3-cm diameter bulbs
were all detected in a shorter time using the 1,090-
hole collimator. Figure 1 shows an example of these
results in which the 1.4-cm diameter bulb is clearly
shown in 13 sec using the 1,090-hole coarse colli-
mator, although it is not visible in the picture taken
with the same exposure time using the 4,500-hole
technetium collimator.
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FIG. 1. Polaroid photographs of different exposure times taken
with scintillation camera to compare performance of two collima-
tors. Target, a bulb of 1.4-cm diameter containing *™Tc at 10
times background concentration, is clearly seen after 13-sec ex-
posure with 1,090-hole collimator. However, 25-sec exposure is
required using 4,500-hole collimator.

DISCUSSION

The times required for threshold visual detection
were in good agreement with those predicted by our
previous figure-of-merit measurements (3) assuming
that a difference of about 3 standard deviations be-
tween bulb and background must be achieved, for
an area corresponding to 80% of the height of
the point source distribution function. The multi-
channel analyzer counts which were simultane-
ously recorded also showed that a difference of 2-3
standard deviations between bulk and background
corresponded to threshold visualization. This is an
approximate check that n — 3 standard deviations

4,500 holes

FIG. 2. Left lateral brain study using
4,500-hole collimator with ®™Tc¢ is shown
ot left. Picture consists of 200,000
counts with exposure of 2 min. Presence of
abnormal area in parietal region is equiv-
ocal. At right is result obtained with same
patient but using 1,090-hole collimator.
400,000 counts were recorded with ex-
posure time of 1 min, and region of ab-
normal uptake can be clearly seen.
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is a reasonable choice in these circumstances. For
the detection of a given abnormality, a difference of
at least n = 3 standard deviations above background
must be achieved in the image either by a high con-
centration in the abnormality or by sacrificing reso-
lution to gain sensitivity.

Matthews and Kibby (5) have recently carried
out a similar experiment by comparing the detecting
ability of rectilinear-scanner collimators with differ-
ent resolution diameters. Their result was similar to
ours; they found that when resolution was sacrificed
to improve the sensitivity, the detecting ability of
the collimator was greatly improved even when the
abnormal region was smaller than the FWHM of the
point-source distribution.

The conclusion from the present result is that the
technetium camera collimator is inferior to the alter-
native, coarser, collimator for detecting abnormal re-
gions even as small as 1.1 cm diameter; and even
using ?*@Tc. The broader conclusion is that in the
attempt to design high-resolution collimators, the
loss of sensitivity may more than cancel out any im-
provement due to the smaller resolution diameter.

It is likely that FWHM is a misleading index of
resolution; a smaller diameter such as the full width
at 75% maximum might be more relevant; certainly
the latter dimension has been shown to be nearer
to the distance apart at which two point sources can
be visually distinguished (4).

In applications where the visualization of fine
detail is essential, a collimator with fine resolution
must of course be used. The important point is that
it will require a much longer time than a coarser
collimator, or the results will be worse both for
visualization of detail and for detection of abnormal
regions. There must be a very high concentration of
radioactivity present in the target region compared
with body background for fine resolution to be use-
ful. Such concentration ratios are rarely found except
in the thyroid.

In these two gamma-camera collimators the reduc-

1,090 holes
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tion in resolution diameter in the ratio 2.2:1.5 was
found to require an increase in counting time by
a factor of 2-2.5 to give the same chance of detecting
small bulbs (Fig. 1). This is in agreement with the
ratio of resolution areas, 2.2, as would be expected
for nonfocusing collimators. If the finer resolution
of the technetium collimator is going to be successful
in visualizing finer detail, then its counting time must
be longer than for the coarse collimator by a factor
of at least 2.2.

If these facts are not appreciated, the use of fine-
resolution collimators could well give worse results
than the coarser collimators.

CLINICAL RESULTS

Figure 2 shows two camera pictures of the same
patient taken a few minutes apart 1 hr after injection
of 5 mCi of *=Tc-pertechnetate. The 4,500-hole
technetium collimator recorded about 200,000 counts
(in 2 min), and the visualization of the abnormality
is doubtful. The 1,090-hole collimator, however, re-

corded about 400,000 counts in a shorter time (1.5
min), and a clearer diagnostic picture was obtained.

It is now routine in our laboratory to allow a suf-
ficiently long counting time for the accumulation of
at least 400,000 counts for a brain tumor localiza-
tion when the technetium collimator is used.
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DEADLINE: February 5, 1969

THE SOCIETY OF NUCLEAR MEDICINE
16TH ANNUAL MEETING

Jung Hotel

Call for Papers: Nuclear Medical Technologists’ Program

The Society of Nuclear Medicine has set aside time for a nuclear medical technologists’ program
at the 16th Annual Meeting in New Orleans, June 22-28, 1969.

The Scientific Program Committee welcomes the submission of abstracts for 12-minute papers
from technologists for this meeting. Abstracts must be submitted on the official abstract form which
is available from The Society of Nuclear Medicine, 211 E. 43rd St., New York, N.Y. 10017, The length
must not exceed 400 words and the format of the abstracts must follow the requirements set down
for all abstracts for the scientific program (see “Call for Abstracts for Scientific Program” in this
issue). Send the official abstract form and three carbon copies to:

New Orleans, Louvisiana

THOMAS P. HAYNIE, M.D.

M.D. Anderson Hospital and Tumor Institute
6723 Bertner Avenue

Houston, Texas 77025
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