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ABSTRACT

A high resolution (6mm), multislice (21) whole body positron
camera has been designed with innovative detector and septa
arrangement for 3-D imaging and tracer quantitation. An object of
interest such as the brain and the heart is optimally imaged by the 21
simultaneous image planes which have 12 mm resolution and are
separated by 5.5 mm to provide adequate sampling in the axia!
direction. The detector geometry and the electronics are flexible
enough to allow BaF2, BGO, GSO or time of flight BaF2 scintillators.
The mechanical gantry has been designed for clinical applications
and incorporates several features for patient handling and comfort.
A large patient opening of 58 cm diameter with a tilt of ± 30° and
rotation of ± 20° permit imaging from different positions without
moving the patient. Multiprocessor computing systems and user-
friendly software make the POSICAM a powerful 3-D imaging
device.

The Need for 3-D Imaging

POSICAM cameras are designed with the philosophy that
accurate quantitation of the distribution of a radioactive tracer
requires high resolution total organ imaging with high sampling in
the axial direction for 3-D recovery of quantitative data.

Earlier designs of positron cameras have suffered great in-
accuracies in quantitation due to the partial volume errors caused
by poor slice resolution and inadequate sampling of the object in the
axial direction. As an example, the TOFPET I camera with nine
slices of 11 mm resolution, separated by 10.8 mm distance between
the slices, demonstrates inadequate axial sampling even though it
can image a large object with overlapping slices. The error in
quantitation is clearly demonstrated with the aid of a special partial
volume (PV) phantom (Figure 1a) which has a set of fingers at
different angles to the axial direction. Figure 1b shows the nine
transaxial images collected by TOFPET I and Figure 1c is a
rearrangement of the images to display the planes perpendicular to
the transaxial images. Note the data gaps between the slices which
can be misinterpreted as areas of low activity. We emulated the
POSiCAM sampling by collecting another set of images separated
by 5.4 mm from the original nine slices. The 18 slices were then used
to form the 3-D images shown in Figure 1 d. A more uniform activity
profile is recovered and there is no missing data.
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Figure 1 - Importance of axial sampling for 3-0
image recovery.
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Figure 2 • Illustration of the staggered crystal
design of POSICAM which allows
better axial sampling for 3-D imaging
while reducing the number of PMTs.
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Figure 3 - Axial sampling and slice sensitivity for
the conventional TOFPETI (top) design
and the new POSICAM staggered
crystal design.



DESIGN INNOVATIONS

There are several major design innovations which makePOSlCAM
cameras unique. These are described below:

Staggered Crystal Design

Conventional detector designs have used one photomultiplier
tube (PMT) for each scintillator as shown in Figure 2 (top). In
POSICAM the crystals are made smaller and staggered one half
detector to share the PMT with more than one crystal (Figure 2
bottom). The staggered crystal geometry creates additional image
planes for finer sampling and reduces the cost of the detectors due
to the sharing of PMT's.

Additional Image Planes

The staggered crystal technique creates additional image planes
as if the camera has been translated in the axial direction. As an
example, a conventional 5 ring system such as TOFPETI has nine
slices with a slice separation of 10.8 mm whereas the POSICAM 6.5
system creates. 21 simultaneous slices with a spacing of 5.5 mm.
Moreover, a more uniform sensitivity response is obtained for the
majority of the slices (Figure 3 bottom) in POSICAM than for
TOFPET I (Figure 3 top).

New Septa Design

The staggered crystal method allows an additional septa to be
placed in between the conventional septa as shown in Figure 4. The
new septa design shortens the length of the septa and reduces the
ring diameter by approximately 20% for a significant reduction in the
cost of the camera. The same acceptance angle for scatter is
maintained in the POSICAM septa design as in the conventional
design.

Clinically Useful Gantry

The mechanical gantry and the patient handling system has been
designed to be user-friendly and patient friendly. A special patient
handling system has been built in to allow imaging of very ill patients
with a minimum of jostling and with easy access for emergency
procedures. Also, the gantry is made as compact and simple as
possible for ease of operation and maintenance. A great deal of
flexibility is allowed in patient imaging because of the large (58 cm
diameter) patient opening ± 20° gantry tilt and ± 30° gantry rotation.
A photograph of the gantry is shown in Figure 5.
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Figure 4 - The new septa design of POSICAM
which permits an additional septa to
be placed in between the conven-
tional septa placement. Shortened
septa are uced for the same scatter
fraction but the diameter of the ring is
reduced by 20%.

Figure 5 - Drawing of the POSICAM gantry
showing the multiple features designed
into it for easier patient handling.
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Figure 6 - A simplified block diagram of the
POSICAM electronics and computing
system.

Figure 7 - Reconstructed image of the brain/
heart phantom obtained from a proto-
type POSICAM system. The outer
diameter of the phantom is 5.0 cm with
a 6 mm thick outer ring and a 1 cm
spacing to ti\s inner core, which is 1.8
cm in diameter. This phantom demon-
strates the high resolution of the
POSICAM systems.



SYSTEM SPECIFICATIONS

POSICAM cameras are flexible in the number of rings from three
to eight and also the choice of scintillating material. POSICAM 6.5
has six rings of PMT's and crystals for a total of 21 slices.

Number of Crystals
8x20x45 (BaF2)

Number of PMT's
0.75" Quartz

Ring Diameter
Patient opening
Wobble diameter
Wobble time
Reconstructed resolution

(20 cm object)
Slice resolution

(20 cm object)
Slice Separation

1320

720

80 cm
58 cm
22 mm
0.5 sec.

6.0 FWHM

12.0FWHIV
5.5 mm

Total sensitivity (BaF2)/(BGO) 200,000 CPS/tfCi/cc
(20 cm object) Minimum

Powerful Electronics

A powerful and flexible electronics design makes POSICAM one
of the most versatile cameras ever designed. Some of its features
are listed below:

1. Flexible front end electronics for a choice of BaF2, BGO, GSO,
or BaF2 TOF detectors.

2. True integration and digitization of energy for accurate
detector positioning and energy discrimination.

3. Constant fraction timing circuits.

4. Singles monitoring for accurate randoms and count-loss
corrections.

5. Simultaneous list mode and profile mode data acquisition.

6. Physiological gating of data (EKG, EEG, etc.)
7. Customized array processors for fast imsge reconstruction.
8. Multiprocessor computer system for simultaneous data

acquision and image processing.

9. Highly interactive display system.
10. Many man years of software.
11. Build in self-test features for remote location diagnosis of

system performance.

A block diagram of the electronics and computer system is shown in
Fiaure 6.



RESULTS

Two banks cf detectors have been set up to test some of the
electronics of POSICAM while the camera is being constructed.
Preliminary results from this prototype system the reconstructed
resolution to be 5.8.

A small phantom simulating the heart with 5 cm outside diameter
and 3.8 cm inside diameter has been reconstructed. A gap of 1 cm
exists between the inner and outer sources. The reconstructed
image is shown in Figure 7.

DISCUSSION

POSICAM cameras have been designed to alleviate severe
deficiencies which have existed in the use of PET on a routine
c'i, ical basis. Most of the research instruments cannot accommo-
date sick patients nor do they have a high throughput due to
computation insufficiencies. Moreover, the lack of axial sampling in
the design of most of these cameras limits them to 2-D imaging and
questionable data interpretation. POSICAM cameras solve most of
those problems with innovative design.

A six ring, BaF2 TOF system is being currently built by The
University of Texas and is expected to be completed by the end of
1985. First clinical images are expected by April, 1986.
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