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To obtain tomographic images of the chest, we used a large-field gamma

camera to detect the 90°

scattered radiations (180 keV) from a linear

source of Hg-203 (279 keV ). The primary beam traveling across the chest
is scattered according to the relative density of tissues. Chest sections can be
visualized at different depths on frontal and sagittal planes. The resolution
of the technic is that of the gamma camera.
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Chest radiographic tomography has been widely
used in clinical practice to obtain information about
selected planes parallel or orthogonal to a frontal
section of the body (I-3). Its advantages and limits
are well known,

Tomographic images of a radioactive tracer’s dis-
tribution in the chest may be obtained in various
ways. One approach follows the principle of x-ray
tomography, giving a longitudinal section, parallel to
the frontal plane of the body, with the neighbouring
sections blurred by relative motion (4-8).

A second approach is based on positron emission
with coincidence detection. Positron-emission tomog-
raphy permits the visualization of transverse chest
sections by mathematical reconstruction of data from
coincidence detectors mounted in a rotating array
(9). Positron cameras using Anger’s twin crystals
(10) and the Massachusetts General Hospital’s mul-
tiple crystals (11,12) give tomographic sections of
the chest without relative motion between subject and
detectors. All these methods, however, are either ex-
ceedingly complex or have poor tomographic resolu-
tion.

Computerized axial tomography provides images
of transverse planes of the chest by measuring rela-
tive x-ray absorption. Tomograms obtained in this
way (13-16) have the best anatomic resolution, but
may represent only transverse chest sections and re-
quire a significant radiation dose.

Technics based on Compton scattering (17-21)
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either aim to measure absolute density of a small
element of lung volume (19,20), or employ detecting
devices other than a gamma camera and do not yield
images comparable to those we are presenting (17,
18,21).

The aim of this paper is to describe a new method
that permits the visualization of frontal and sagittal
planes of the chest according to their density. Sec-
tional visualization of the chest is obtained by em-
ploying a linear source of gamma photons and an
imaging device—e.g., a gamma camera—to detect the
Compton scattering at 90° to the primary beam.

MATERIALS AND METHODS

The gamma source is Hg-203. Its monoenergetic
emission at 279 keV is in the range where, for inter-
action with materials such as human tissues, Comp-
ton effect is one order of magnitude greater than
photoelectric effect. Furthermore, the energy of the
90° scattered photons (180 keV) is favorable for
detection with imaging devices such as a gamma
camera. Finally, the emitter’s physical half-life (46.9
days) is long enough to enable the use of the source
for 2-3 mo, when the initial activity is about one
curie.
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FIG. 1. Schematic representation of external gamma source
and gamma camera. (A) Positioning of patient for frontal chest
tomogram; (B) positioning for sagittal tomogram.

The Hg-203 source, in a glass tube 80 cm long, is
enclosed in a lead box except for a slit 3 mm wide
(Fig. 1). The primary beam, traveling across the
chest, is scattered according to tissue density. The
90° scattered radiations are recorded by a large-field
gamma camera and anatomic cross-sections of the
chest can be visualized at different depths on the
frontal (Fig. 1 A) and the sagittal (Fig. 1 B) planes.
To permit chest imaging also in the supine position,

FIG. 2. (A,B,C) Frontal chest tomo-
grams from a potient with emphysema,
taken with primary beam incident on the
anterior, middle, and posterior axillary
lines. (D,E,F) Sagittal tomograms taken
with primary beam incident on right and
left mid hemithoraces and on the spine.
All views demonstrate markedly reduced

and homog lung density.
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the linear source can be wheeled around, moved up
and down, and rotated.

The energy selector of the camera, set on 180 keV
(window 15%), and an appropriate high-energy
collimator (usable up to 410 keV) maximize detec-
tion of scattering events to those near 90°. With this
setup, frontal tomograms with 400,000 counts are
obtained in 3—-5 min. Sagittal tomograms with 300,-
000 counts are obtained in somewhat shorter time.

Following the calculations developed by Lale (17)
we estimate an absorbed dose of 0.09 rads for each
view as a maximum estimate. Since sternal and ver-
tebral bone marrow is usually not irradiated by the
primary beam, its absorbed dose is less than with
radiographic technics.

The resolution of the technic was tested on a
phantom of the human chest. The chest wall was
simulated by perspex slices 2.5 cm thick and the lung
by a box filled with sawdust of 0.2 g/cc. A wooden
frame of 0.4 density with paired holes of different
diameters was put inside the box. The technic re-
solved holes 10 mm in diameter.

Geometry of the primary beam in air was studied
by autoradiography at various film-to-lead-box dis-
tances. The beam’s spread on the film was measured
by an optical densitometer and the spread function
plotted as optical density at each distance. At 30 cm
from the lead box, the beam spread (FWHM) was
about twice that at 7 cm.

CLINICAL APPLICATIONS

Three clinical examples will illustrate the ability
of the technic to give a density image of any selected
longitudinal plane of the chest.

The first series of pictures (Fig. 2) is from a
patient with diffuse pulmonary emphysema. The
frontal tomograms (Fig. 2 A,B,C) demonstrate the
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ability to visualize anatomic sections of the chest at
different depths and to assess lung density. The
mediastinal structures including the heart (Fig. 2 A),
the hila (Fig. 2 B), and the major pulmonary ves-
sels (Fig. 2 C), are clearly discernible. The sagittal
tomograms (Fig. 2 D, E) sharply outline the lung
tissue with respect to the chest wall. Starting from
a mediastinal plane (Fig. 2 F) each lung may be
divided into a number of sections in order to obtain
detailed information about pathologic processes that
alter the tissue density diffusely or focally.

In the second patient (Fig. 3), with a right-sided
pneumothorax due to rupture of emphysematous
bullae, the striking difference between the two hemi-
thoraces is visualized by the 90° scattering tomograms
in the frontal and sagittal planes. The chest radio-
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FIG. 3. (A) Frontal chest radiograph
of patient with right pneumothorax. (B)
Frontal tomograms showing the marked
density difference between the two hemi-
thoraces. (C) Frontal perfusion scan indi-
cating a region of perfusion along right
border of heart; it corresponds to a pro-
truding density seen in frontal tomogram
but not in chest x-ray. (D) Lateral chest
radiograph. (E,F) Sagittal tomograms of
right and left hemithoraces, with their
marked difference in density and shape.

graph fails to show any density in the region of the
collapsed right lung, since the right cardiac border
looks bare (Fig. 3 A). The frontal tomogram, by
contrast (Fig. 3 B), clearly shows a density in that
area protruding into the right hemithorax. The per-
fusion scan, obtained after i.v. injection of human
albumin macroaggregates labeled with I-131, shows
that this border corresponds to the outer limit of the
collapsed right lung (Fig. 3 C). Failure of roentgeno-
grams to visualize the collapsed lung can be ascribed
to lack of absorption in the vacated space surround-
ing the collapsed lung tissue. ‘

In the patient of Fig. 4, with proven chronic pul-
monary tuberculosis, standard chest radiographs
showed an increased density in the lower third of
the left lung suspected to be neoplastic by clinicians

FIG. 4. (A) Frontal chest radiograph
of a patient with old tuberculous lesions.
Increased density in lower left lung field
was suspected to be plastic. (B) Frontal
tomogram taken with primary beam inci-
dent on anterior axillary line, showing re-
duced space between heart and chest wall.
(C) Frontal tomogram with primary beam
on posterior axillary line showing de-
scribed increase in density. Aortic density
is also clearly visible. (D) Lateral chest
x-ray provides no further information on
described density. (E) Sagittal tomogram
of left lung reveals a density with sharp
limits, contiguous with chest wall. It is
apparently shaped by gravity, and can be
interpreted as a circumscribed pleural ef-
fusion. (F) Sagittal tomogram of right lung.
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and radiologists. Conventional x-ray tomography,
as well as a lateral chest radiograph, assigned the
density to the posterior region, but offered no further
information. The 90° scattering tomograms, espe-
cially that in the sagittal view (Fig. 4 E), displayed
the density and shape typical of pleural effusion.

DISCUSSION

The clinical applications of 90° Compton scatter-
ing tomography demonstrate the possibility of por-
traying changes in lung density caused by pathologic
processes. Indeed, the lung presents ideal character-
istics to be studied with this technic. Its gaseous com-
ponents have a mass scattering coefficient for Hg-203
energy similar to that of lung tissue or other organic
tissues, but the actual lung density, due to the physi-
cal presence of gas, reduces significantly the Comp-
ton scattering per unit area and helps to outline
normal lung tissue in contrast to chest wall, medi-
astinum, and lung lesions.

One drawback is the attenuation of the primary
beam in the tissues, which makes the image of struc-
tures fainter the farther they are from the source.
Furthermore, autoradiography of the primary beam
in air indicates a significant spreading of the beam
with distance. Consequently, physical absorption in
tissues and the fanning out of the primary beam lead
to reduction of scattering events as one moves away
from the source.

Given a known attenuation coefficient, physical
absorption can be estimated from the image itself by
an iterative procedure programmed on a digital com-
puter on line with the camera. The geometric degra-
dation of the beam may be eliminated by a more
appropriate housing and collimation of the linear
source.

Since, in frontal and sagittal chest tomograms, the
paths of 90°-scattered photons are similar for each
tomographic plane, their attenuation should be rather
uniform. At any rate, attenuation differences may be
dealt with by multiple-layer tomograms.

Contamination of the 90° scatter by multiple-
scattered photons (21) is controlled by an 8-cm-
thick, parallel-hole, collimator together with energy
discrimination. With these expedients the large-field
camera accepts less than 0.01% of all the scattered
radiation. This could be further reduced if required.
Model studies show that the index of resolution
(FWHM) of the camera (8) corresponds to the size
of the model holes that can be resolved.

Finally, 90° Compton scattering tomograms of the
chest encompass larger sections than those obtained
by roentgenograms and give images essentially with-
out superposition of blurred structures, thus offering
better density discrimination.
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