
During the past few years, x-ray computed tomog
raphy has had a major impact on diagnostic imaging
as a result of the work of Hounsfield and Ambrose
(1,2). In 1963, Kuhl used gamma radiations in a
similar tomographic technique that did not require

a computer for image reconstruction (3 ) . During
the subsequent evolution of radionuclide computed
tomography (RCT) , the problems encountered in
cluded those relating to the specialized nature of the
instrumentation, cumbersome mathematical manipu
lations, the necessity for rotating the patient on a
constant axis, inadequate spatial resolution, wide
random fluctuation in the data, and deficiencies in
the reconstruction algorithms. These problems have
been largely overcome in recent years, and the po
tential application of RCT to clinical nuclear medi
cine has been shown with considerable success. The

results obtained with positron tomography, for ex
ample, have successfully validated the use of sub
strates labeled with radioactive carbon and nitrogen
for monitoring certain aspects of human physiology
and metabolism. Summaries of relevant publications
on reconstruction tomography have been presented
by Budinger (4) and by Brooks and DiChiro (5),
and current approaches to RCT design have been
recently described by Kuhl et al. (6), Muehllehner
et al. (7), and Hoffman et al. (8).

The scintillation camera has also been used with
OOmTc to obtain RCT sections by Keyes et al. (9)
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To investigate the potential application of radionuclide computed to
mography (RCT) to nuclear medicine imaging using 99mTc, a tomographic
system using a lightweight scintillation camera for brain inuiging was con
structed, and lesion contrast with RCT and conventional scintigraphy were
compared. The detector revolves once around the patient's head at constant
angular velocity, requiring approximately 20 mm. Nine sections are recon
structed from the data, using either a Fourier transform or a filtered back
projection algorithm. In a phantom simulating the radionuclide distribution
observed during brain imaging, quantitative lesion contrast was far superior
in the RCT images. In a series of 25 patients with intracranial lesions, the
average RCT lesion contrast was superior to that of standard scintigraphy
by a factor of more than 2. An RCT image of an experimentally infarcted
dog's heart, taken after the injection of s9mTc@MAA into the left atrium, aLso
showed excellent correspondence to the gross anatomic defect. Although
problems of photon absorption may occur in imaging larger body areas,
RCT imaging in this feasibility study produced surprisingly good results
that warrant further investigation of the technique.
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contrast, photon-attenuation correction with RCT is
more difficult than with positron tomography. To
investigate further the potential clinical usefulness
of RCT with low-energy gamma-emitters, a tomo
graphic system using a lightweight scintillation cam
era was constructed to compare lesion contrasts
obtained with RCT and with conventional scintig
raphy.

INSTRUMENTATION AND METHODS

The camera assembly and head support are shown
in Fig. 1. To simplify the mechanical engineering,
this device was designed for brain imaging only. In
this preliminary study, RCT' views were obtained
at the time of routine brain imaging with no addi
tional radioactivity administered. The detector makes

a single 360Â°revolution about the patient's head; it
travels at constant angular velocity with continuous
data collection. Using a standard medium-resolution
low-energy collimator, this requires 20 mm. This

data-collection time was judged to be optimal after
review of a series of images differing in total counts.
Scintillation events are recorded on videotape along
with a detector-orientation signal every 4Â°for sub
sequent off-line image reconstruction using a small

FIG. 1. RCTdetectorarrangement.

and others (4,10â€”13). Data are collected at appro
priate angular increments about the patient and used

for subsequent reconstruction of images of several
parallel sections. In comparison with positron to
mography, the practical advantage of this technique
is its compatibility with widely available radiophar
maceuticals used in scintillation camera imaging. By
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FIG.2. (A)Midplanesof all ninetomographicsections.(B)Orientationof eachsectionasdisplayedin reconstructedimage.(C)
Results from normal patient, obtained after 20 mm of data collection at 1 hr after injection of 15 mCi of pertechnetate. Last image is
summation of all nine levels.
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computer. Typically, nine cross sections of the brain
are reconstructed from the data: approximately
4,000,000 total counts, or 250,000 counts per sec
tion in the midbrain region are obtained with an aver
age dose of 15 mCi of ftDmTc The midplanes of these
nine sections are diagrammed in Fig. 2A for ana
tomic orientation. Each image represents a section
thickness of 16 mm and the lateral resolution with
99niTc is about 14 mm (FWHM), compared with the

9 mm intrinsic resolution of the camera head in the
nontomographic mode. The RCT sections are dis
played and a summation image of all nine levels is
also computed (Figs. 2B and 2C).

RECONSTRUCTION TECHNIQUES

Analytic rather than iterative methods were used
for image reconstruction. Both Fourier transform
and filtered back-projection algorithms were investi
gated, but the clinical images did not suggest any
clear preference. The Fourier transform method used
in this work is described by Kay et al. (1 1 ) and
others (14,15). Several methods of interpolating the
sampled polar data onto a Cartesian coordinate sys
tem in frequency space are possible. We used the
four-point linear interpolation method described by
Mersereau and Oppenheim (16). An interesting
effect of this interpolation method in frequency space
is the resulting roll-off in the spatial domain that

occurs toward the edge of the field of view. The
filtered back-projection method was based on the
computer program presented by Brooks and DiChiro
(5) and incorporates an interpolation scheme to
obtain back-projection values lying between the sam
pled data points. Processing is accomplished in the
spatial domain, using a convolution integral derived
by Bracewell and Riddle ( 17). Since reconstructed
images are not quantitative due to photon attenuation
and scattering and differences in spatial resolution
along a given ray, the geometric mean of opposing
views was used to compensate partially for these
effects.

Regardless of which method of reconstruction is
used, certain fundamental parameters influencing
resolution must be considered in constructing and

implementing an RCT system. The matrix size is
determined by the maximum spatial frequency that
can be processed by the camera. A 64 X 64 digital

matrix covering the 23-cm-diam field of view is
adequate to preserve the spatial resolution of this
system. The theoretically optimum angular-sampling
increment for an object equal in diameter to the
detector field of view is 2.5Â° (18), but no degrada
tion in RCT image quality was observed for sampling
increments up to 4Â°.

B

From an engineering standpoint, continuous rather
than discrete detector motion is simpler and more
reliable. Although the detector head of the RD.'
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FIG.3. LinesourcescontainingmTcwereimagedatfivedi!.
ferent locations within water-filled 9-in.-diam phantom to compare
spatial resolution and sensitivity. Locations of five sources are
shown in (A). (B) Line spread functions, normalized to peak count@
ing rate at position 1, are shown for single-projectiondata col
lection. Line spread functions were obtained independently using
one line source moved to each location. Notice rapid degradation
of spatial resolution, reflected in increasing full width at half
maximum (FWHM) and full width at tenth maximum (FWTM) and
in rapid decrease in sensitivity with depth. (C) Use of geometric
mean obtained from opposing views of line source may improve
uniformity of resolution and sensitivity, as illustrated here. (D) By
useof Fouriertransformmethod,RCTreconstructionsof line sources
imaged at all five locations simultaneously illustrate good uniformity
of resolution and sensitivity. Contributing influence was interpola
tion method used, which results in roll-off in values toward edge
of field of view.
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system moves continuously about the patient, data
are summed into 4Â°frames. This results in a smear
ing of projection data within each angular interval.
In a direct comparison with discrete 4Â°sampling,
however, there was no significant difference in image
quality.

The random variations in the data in each re
constructed image are related to the total sampling
time and the radioactivity in the patient. An angular
velocity of 18Â°/mm, corresponding to a data-collec
tion time of 20 mm, was routinely employed in patient
imaging to permit collection of about 4,000,000
total counts from the entire field of view of the de
tector. This yields approximately 250,000 counts per
reconstructed image.

IMAGING RESULTS

Line spread functions were measured as a func
tion of depth with the camera in the RCT mode, and
in the nontomographic mode for a single view and
for opposing views using the geometric mean (Fig.
3 ). In the RCT mode only small changes in spatial
resolution and sensitivity are evident across the field
of view.

FIG.4. Cylindricalphantomcontainingtwospheres.Sleeveof
increased activity was added at periphery to simulate brain imag
ing.

To obtain a quantitative comparison of lesion con
trast, a cylindrical phantom containing two spheres
was imaged in the stationary and RCT modes with
the same camera system (Fig. 4) . A sleeve of in
creased activity was added to the periphery of the
phantom to simulate the radionuclide distribution
present during brain imaging. Line profiles through
the internal spheres provide an indication of lesion
to-background ratios. In Fig. 5A, the simulated le
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FIG.5. Phantom-imagingresults,withspherescontainingin

creased activity (A) and no activity (B). Standard scintigrams and
adjacent line profiles fail to provide significant lesion contrast in

comparison with RCT images and profiles. Lesion.to-background ra
tios are shown above each line profile for both standard scintigrams
and RCT images.

376 JOURNAL OF NUCLEAR MEDICINE

â€˜ t_@

â€˜U.
1 CIMI â€¢eCihl

((,@9@.
I cIu't@\ACTlVlTY@/@lTYZ@



ANT

INSTRUMENTATION AND PHYSICS

ANT

FIG.6. 46-year-oldman.Carcinomametastaticfromlung.
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FIG. 7. 12-year-oldgirl.Knifewound,rightorbit.Brainpenetrationwasnotsuspected.
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FIG.8. Seventy-five-year-oldwoman.RightCVA.ContiguousnatureoflesionisshownonRCTimages.
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FIG. 9. Twelve-year.oldgirl.Craniopharyngioma(arrow).
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sions contain increased radioactivity. Neither lesion
is visualized in the standard scintigrams, but both
are obvious in the RD.' section. When the phantom
was imaged with spheres containing no activity (Fig.

SB), neitherlesionwasvisiblein the standardview,
and the smaller â€œcoldâ€•lesion was difficult to see in
the RCT section. Standard analog scintigrams of the
phantom did not improve the lesion detectability
over the digital presentations shown here.

For an initial clinical evaluation, 65 patients with
a high suspicion of brain lesions had routine brain
scanning and RCT imaging. In 40 of these patients
the radionuclide scan and RCT images were normal.
The results in patients with metastatic carcinoma of
the lung, penetrating orbital knife injury, cerebro
vascular accident, and craniopharyngioma are shown
in Figs. 6â€”9. Lesion-to-background ratios were used
to compare standard scintigraphy to RCT in the 25
patients who had positive brain scans. The results
are listed in Table I along with the final clinical diag
nosis. On the average, the RCT lesion contrast was
superior by a factor of more than 2 compared to the
best view of the standard scintigrams.

To investigate the potential application of RCT to
such other areas as the heart, an experimentally in
farcted dog's heart was imaged following injection
of 99mTc@MAA into the left atrium (Fig. 10). The
heart was then removed and placed in a water-filled

FIG. 10. Imagesof infarcteddog'sheartfollowinginjection
of â€œTc@MAAinto left atrium. Infarct involves entire posterior wall
of both ventricles (dotted line). Gross sections (left) correspond
approximately to RCT levels (right). Scintillation-camera image of
gross sections (center) is provided for comparison. For RCT data
collection, heart was excised and imaged in 9-in..diam water
phantom.

9-in.-diam cylindrical container for the RCT data
collection. The heart was then sectioned to corre
spond with the tomographic levels, and each of the
gross sections was also imaged on the face of the
collimator of the RCT camera in the nontomographic
mode. Note the similarity between the tomographic
and conventional images, with the infarct involving
most of the posterior wall of the heart. Such informa
tion in patients could be of significant value in more
precisely localizing myocardial abnormalities and in
quantitating infarct size.

CONCLUSIONS

In this feasibility study of RD.' imaging in patients
with brain lesions, we regularly obtained better image

TABLE 1. RCT LESION CONTRAST

1 1.52
2 0.63

3 1.97

4 0.92
S 0.66
6 1.10
7 1.73

0.52 3.0 Leukemic infiltration
0.37 1.7 Knife wound, right

orbit

0_si 3.9 Arteriovenous malfor@
mation

0.60 1.5 Cerebral embolism
0.21 3.1 Subdural hematoma
0.60 1.8 Astrocytoma
1.47 1.2 Intracerebral hemor@

rhage (aneurysm)
8 0.92 0.50 1.8 Cerebral embolism
9 0.73 0.47 1.6 Intracerebral hematoma

10 1.08 0.56 1.9 Metastatic carcinoma

(lung)
11 2.10 0.95 2.2 Metastatic carcinoma

(breast)
12 1.43 0.58 2.5 Astrocytoma
13 2.26 0.38 5.9 Glioblastoma multi

forme
14 2.08 0.74 2.8 Metastatic carcinoma
15 2.89 0.95 3.0 Metastatic carcinoma
16 4.83 2.65 1.8 Subdural hematoma
17 0.64 0.22 2.9 Cerebral infarction
18 1.64 0.37 4.4 Metastatic carcinoma

(lung)
19 1.5 0.51 2.9 Metastatic carcinoma
20 1.21 0.40 3.0 Subdural hematoma
21 1.81 0.52 3.5 Metastatic carcinoma
22 1.47 0.97 1.5 Glioblastoma multi

forme
23 2.01 0.39 5.1 Astrocytoma
24 2.84 1.87 1.5 Chronic subdural hema

toma
Intracerebral hemor
rhage
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25 0.49 0.11 4.4

Average 2.8

* Lesion-to-background ratio (lesion counts â€” background
counts)/backgroundcounts.
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contrast than with standard scintigrams. In addition,
the presentation of images in cross section permits
a more precise determination of the location and
extent of an abnormality. The encouraging results in
this study have led us to begin the construction of a
total-body system for imaging larger body areas such
as heart, lung, liver, spleen, pancreas, and kidney.
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