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Chapter 4

DECISION ABOUT BUYING A GAMMA CAMERA

R.D. Ganatra

A large part of the referral to a nuclear medicine department is usually for imaging
studies. Sooner or later, the nuclear medicine specialist will be called upon to make a
decision about when and what type of gamma camera to buy. There is no longer an option
of choosing between a rectilinear scanner and a gamma camera as the former is virtually out
of the market. The decision that one has to make is when to invest in a gamma camera, and
then on what basis to select the gamma camera?

Basically gamma camera is a devise to depict the distribution of a radionuclide in an
organ. The detector is a scintillation crystal (thallium activated sodium iodide crystal), a flat
circular disc of 30 to 40 cm diameter, with thickness varying from ", lA" and xh". Behind
the crystal there are 37 or more photomultipliers arranged in a specific way to detect the
position signal, and in front of the crystal is a heavy collimator with a large number of holes
to channelize the path of the gamma photons. Whenever a gamma photon interacts with the
detector, it produces three signals: X, Y and Z. The first two are the position signals and
defines the precise location of the interaction. The third Z signal specifies the photopeak
energy of the interaction. Scatter photons degrade the position information and the attempt
is made to eliminate all scatter signals by rigorous spectrometry. These signals are depicted
on a persistence oscilloscope, so that a large number of them will show a kind of a map of
the distribution of the radiopharmaceutical in the organ. The duration of the dots on an
ordinary scope is as short as 10"6 seconds, but their intensity is sufficient enough to expose
a photographic or a X-ray film to produce a hard copy of the image. A schematic diagram
of a gamma camera is shown in Fig. 4.1.

The following are the principal components of a gamma camera:

(a) mechanism to move the detector head vertically;

(b) mechanism to rotate the detector head by 180°;

(c) mechanism to rotate the yoke by ± 90°;

(d) safety features to control the movement of the detector head, so that
it doesn't injure the patient in any way;

(e) Radionuclide energy selection on a spectrometry;

(f) display of the image on a persistence scope. This image is mostly useful
for positioning of the patient. Rotation or transposition of the scope
image is also possible;

(g) a camera scope, which allows intensity adjustments;
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(h) adjustments on the camera scope for getting multiple rapid sequence images;

(i) pre-set time or pre-set count adjustments of the camera scope.

All the above features are standard on all the gamma cameras and the user has no choice
in its selection. However, the user can select some of the following components:

Collimators

(a) collimators; Low energy parallel hole ( must be selected because the
principal radiopharmaceutical is "Tc"1);

(b) Medium energy parallel hole (necessary, if occasionally radioiodine
compounds are used for imaging);

(c) slant hole (optional for Nuclear cardiology);

(d) pin-hole (optional for magnifying small organs like thyroid);

(e) diverging (optional for including a large field of view);

(f) converging (optional for its magnifying effect);

(g) biplanar (optional for nuclear cardiology);.

Collimators are quite expensive. It is always troublesome to change them from patient
to patient. Most of the studies are done with "T(f, and there are very few occasions where
the change of the collimator is essential.

A considerable amount of money can be saved by a judicious choice of one or two from
the above list.

Scintillation crystal

(a) Crystal size; usually 40 cm. The cost of the larger crystal is quite high.
There is no strong reason for buying a size larger than 40 cm;

(b) Crystal thickness; V4", %" and xh". Usually the thin crystal is adequate,
because of the low gamma energy of "Tc"1, the most commonly used
radioisotope;

(c) number of photomultipliers, usually 37. More than that can enhance the
resolution, but the cost goes up and the troubles of keeping them all
properly tuned and working in unison are too mettlesome to justify a
small increase in the resolution;
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(d) energy resolution should be better than 12 %;

(e) energy range, at least 60 to 600 kev. The spectrometric calibration
should be simple;

(0 Two display scopes;

(i) monitor scope with variable persistence and

(ii) camera scope with minimum persistence.

The display scopes are attached to various devices to get a hard copy of the image.

(a) polaroid film, although commonly available, is a poor choice
because of the poor contrast qualities. Moreover, these films are
not usually available in the developing countries.

(b) multiformater is an electronic device which can provide multiple
images, usually on a 8 x 10" X-rays film. This makes it
convenient to see several views or several time - lapse views
together. Most of the current cameras have this kind of formatter
as a built-in facility. Buying them as an accessory is quite
expensive, somewhere around US $20 000. A manual version is
available. They are quite ingenious, inexpensive and worth
considering, if funds are low. A manual system is less liable to
break down than an electronic system.

In some countries, even X-rays films are scarce and a possibility of an adapter for 35 mm
camera should be explored. The disadvantage of the camera system is that the film can be
developed only when the whole roll of 36 exposures is over. Unless such a camera is
motorized, it is difficult to do fast sequential scintigraphy.

All camera devices should provide rotation of the image by 90 and 180 degrees.

Arrangement for marking anatomical landmarks and patient identification on the film
display are always desirable.

System performance characteristics

Since the ultimate quality of the image depends on the overall performance of the system,
it is natural to study the following important system parameters which affect the quality of
the image, in choosing a camera.

(a) intrinsic spatial resolution.
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(b) intrinsic energy resolution.

(c) intrinsic spatial linearity.

(d) intrinsic count - rate performance.

(e) System spatial resolution.

(f) system sensitivity.

The standardized tests have been described by NEMA and IEC to determine all the above
parameters quantitatively, which sets some performance standards for the industry and makes
it easier for the customer to compare one instrument with another. (NEMA = National
Electrical Manufacturer's association. IEC = International Electrotechnical Commission).

The following Table describes briefly the tests prescribed by these international
organizations, how to do them and what information to expect from them. As a result of this
kind of standardization, which exists in the industry for more than a decade, one can now
safely assume that five or six gamma cameras, which are currently available commercially
have comparable performance ratings. Selection is no longer on the basis of the quality of
performance, but more on the basis of maintenance and services, and whatever de luxe
features the user fancies.

NEMA envisages the use of few phantoms for system check.

1. Flood field phantom

(a) The energy of "Co is similar to that of "Tc™ but has a .._
longer half life of two years. Flood sources are
commercially available, which contain uniformly dispersed
2 - 3 mCi of "Co in a round flat hollow disk. Such disks
are available commercially for US $400. They are
convenient and are not likely to leak. They need to be
replaced every two to three years.

(b) A sealable, empty hollow plastic disk is available at a cost
which is about four times less than the above type. This
needs to be filled and sealed every morning just prior to its
use with about 3 to 5 mCi of "Tcm. This is time consuming
and there is a high probability of leakage and contamination
during this preparation. A careless preparation can also
leave a large air bubble inside the phantom, which can
mimic a space occupying lesion in the calibration image.
Simplest in this genre is a trough of water containing 5 mCi
of "Tc™. However, the above mentioned risks multiply and
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they are likely to keep the radiation protection officer busy.
The greatest hazard of this kind of open or sealable Flood
sources is the possibility of contaminating the camera
crystal.

(c) small sealed 30 ml vial containing gelatin embedded 57Co are
also available for use as a Flood source but they also are not
cheap.

2. Bar phantom. This is a transmission phantom consisting of lead strips
parallel to each other in four arrays of different widths and spacings.

3. PLES Bar phantom consisting of an array of lead bars with equal
spacing between them.

These are the basic phantoms and they should be purchased along with the camera.
Fashions in phantoms change as frequently as fashion ware, but one should remember that
they are not to be acquired as museum pieces but are meant for daily wear.

In a developing country, most of the nuclear medicine units have a single gamma camera
and it cannot be for ever preoccupied with the task of defining and refining the performance
of the gamma camera.

After the initial decision about buying the gamma camera, the next important decision
is whether to buy one with the computer or one without it. The decision needs to be made
less frequently now, because most of the gamma cameras are sold as an integrated camera
- computer systems and it is increasingly difficult to buy a camera without a computer.

The computer is absolutely essential for dynamic functional studies, but what kind of
dynamic studies are commonly needed in a developing country? Nuclear cardiology cannot
be done without a computer, but doing these studies are worthwhile only, if a hospital has
a well organized cardiology and cardiovascular surgery as specialities. SPECT is impossible
without a fairly hefty computer. Renograms are too time consuming in a department, where
there is only one gamma camera. Cerebral blood flow is usually done as sequential images.
Albeit a computer provides a capability of manipulating a gamma camera image in many
ways such as background cut-off, smoothing, masking a non-uniform area, etc. These are
mostly cosmetic corrections, and the question is whether it is desirable to disguise the raw,
naked analogue image in fancy clothes.

Computer helps in many quality control tasks so that they can be done automatically.
Image archiving and retrieval are easy with the digitized data. Image recall later is possible
so that many data processing functions can be done as and when desired.
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Some of the trouble shooting and diagnostic functions are gradually being taken over by
the computer. Day is not far away, when many of the computer based studies can be done
by a personal computer with an appropriate software.

On the other hand, decision to postpone buying the computer at a later date is not
particularly sanguine because the marriage of an old camera with a new computer is not very
salubrious. Instead of improving the image, it may increase the troubles. It is better to buy
the computer along with the camera, and that too from the same company to avoid mismatch
and simplify the problems of maintenance.

Whether to buy the computer and with what attachments depends on the clinical needs
of the hospital. It should always be taken by a nuclear medicine specialist and not by a
hospital administrator. In a developing country, buying of an instrument is a monogamous
act and it is always difficult to replace an old or even a dead instrument. Built-in obsolence
of the modern equipment and rapid improvements that are taking place in the design and
functions of the instruments require change or upgrading of the equipment after every five
years. Financial provision for this should be provided in the budget planning, otherwise the
pioneer premier department of nuclear medicine ends up as a museum of old unusable
equipment.

Another major purchasing decision that a nuclear medicine specialist is called upon to
make is the choice between a stationary gamma camera and a rotating tomographic
type (SPECT). First step should be to evaluate the actual clinical needs of the department,
and not to be lured away by the mystique of the new technology and the advanced equipment.
The environmental factors like the air-conditioning, dust and the supply of electricity become
more critical in case of complex instruments. Shopping for the best that is available in the
market and buying better than the other sister institutions are strong temptations, but also a
road to disaster. Compared with the cameras of the past, the performance of today's cameras
is superb, and all of them can produce pretty pictures. All the gamma cameras offer similar
software for routine clinical needs. In 1987, NEMA also established standards for SPECT
performance and all the commercial vendors provide performance standards, which match the
NEMA criteria. If a convincing need for SPECT is established and the environmental
conditions are not too unfavourable, another overriding feature is the service facilities and the
kind of support available from the manufacturers. A recent survey in one of the advanced
countries showed that a large number of SPECT gamma cameras are used for planer imaging.

What does SPECT offer in terms of improvement in diagnosis?

(a) images in tomographic format which is comparable to CT and MRI.

(b) Because it sees multiple planes of a large solid organ, the contrast
factors can be better in some planes between the target and the non -
target regions. This would lead to some improvement in detection of
small space occupying lesions (SOL).
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(c) Positioning the detector head is easier.

(d) SPECT needs better count rates, which are usually possible with "Tcm

radiopharmaceuticals. New brain and myocardial imaging compounds
improve the diagnostic efficiency of SPECT imaging.

What are the limitations of SPECT imaging?

(a) A SPECT system is much more sensitive to variations in electrical
supply than an ordinary gamma camera. An excellent technical support
is needed to avoid frequent breakdowns.

(b) Minor defect in the quality control, such as field non-uniformity can
magnify the defect and may lead to a false positive diagnosis.

(c) SPECT studies need more time than planar imaging.

(d) SPECT images are more difficult to interpret and a special experience
is needed before embarking upon tomographic imaging.

The usual expedient out of the dilemma of whether to buy SPECT or not, is to postpone
the decision and buy a system which can be upgraded later. When considering upgrading
after few years, one must realize that the camera images would have already degraded and
chances of getting better images with SPECT are slim at that stage. Moreover upgrading
later is costlier than buying the system de novo.

At the present stage, proven usefulness of SPECT is for brain and myocardial imaging,
but both these imaging procedures need new radiopharmaceuticals, which are quite expensive.
If a hospital has special interest in these subjects, it may be worthwhile to invest in SPECT.
Another field where SPECT is likely to be useful is oncology, where detection of metastases
is one of the major tasks. Detecting small space occupying lesions is something, which
SPECT does well.

Although good quality control is required for SPECT, one should not forget that many
of the quality control tasks are becoming automated and becoming in-built functions of the
"new generation" gamma cameras, but these additional electronic marvels in a developing
country are likely to increase the maintenance and repair problems, besides, sometimes the
instruments which have automated functions have no alternative standby ways of correcting
the itinerant function.
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Following is a specimen request for a gamma camera:

PROCUREMENT REQUEST FOR GAMMA CAMERA.

1. Gamma Camera:
1.1. camera components

1.1.1. large field crystal, e.g. %"
1.1.2. detector stand upgradable for SPECT.
1.1.3. uniformity /Z correction
1.1.4. dual peak analyzer with spectrum display
1.1.5. persistence monitor

1.2. collimators:
1.2.1. high resolution low energy
1.2.2. medium energy (13lI)
1.2.3. Pinhole
1.2.4. collimator carts and rack

1.3. image formatter
(if computer is not purchased simultaneously)

2. Computer: (preferably integrated with gamma camera)
2.1. Specifications:

2.1.1. image display resolution:
> = 256 x 256, > 8 bit deep

2.1.2. list mode capability
2.1.3. floating point hardware

2.2. Disks:
2.2.1. hard disk(s): e.g. Winchester
2.2.2. (dual) floppy unit

2.3. camera - computer interface
(suitable for SPECT later)

2.4. peripherals:
2.4.1. matrix printer (NLQ)
2.4.2. second terminal station (monitor)
2.4.3. multi-formatter: (at least 1:4 & 1:25 formats)
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2.5. clinical software:

3.

2.5.1.
2.5.2.
2.5.3.
2.5.4.

brain, kidney
lung ventilation / perfusion
renal function
nuclear cardiology

first pass
gated blood pool
myocard (TI)
Fourrier phase analysis

2.6. other software:
2.6.1.
2.6.2.

2.6.3.
2.6.4.

Accessories:

3.1. cardiac i
3.1.1.

3.1.2.
3.1.3.
3.1.4.

QC test programs
programming language:
choice of:

Basic interpreter
Fortran compiler
Pascal compiler

[data base: optional]
communications

data transfer

(to be quoted separately)

iccessories:
ECG monitor
cables, electrodes
ECG trigger (synchronizer)
defibrillator
cardiac stress system:

bicycle ergometer,
treadmill

3.2. Patient accessories
3.2.1. patient positioning bed mattress
3.2.2. head immobilizer / support
3.2.3. injection arm rest

3.3. consumables
3.3.1. boxes of ECG paper
3.3.2. polaroid film packs
3.3.3. 8 x 10" film cassettes
3.3.4. 8 x 10" film packs
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3.4. computer accessories
3.4.1. floppy disks
3.4.2. printer ink ribbon
3.4.3. computer paper

4. Additional items:
to be quoted separately.

4.1. power conditioning:
4.1.1. constant voltage stabilizer

suitable for (peak) power consumption of above
4.1.2. drop-out relay:

4.2. test phantoms:

4.3.

4.2.1.
4.2.2.

4.2.3.
4.2.4.

installation
4.3.1.
4.3.2.
4.3.3.
4.3.4.
4.3.5.

quadrant bar (3 - 4.5 mm)
orthogonal hole
(hole dimension related to intrinsic resolution)
57Co test source for PMT tuning.
57Co patient marker pen

/ training:
site preparation
installation
application training (on site)
service training for hospital physicist/engineer
user / service manuals: two sets

4.4. service:
4.4.1. spare parts (to be specified)

PM'Tubes
extender boards
specialized tools

4.4.2. maintenance: choice of:
preventive maintenance
emergency calls
computer maintenance

4.4.3. software upgrade policy?
4.4.4. warranty
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TABLE I.

Performance measurements of gamma camera

No.

1

2

3

4

5

6

7

8

Performance Parameter

Intrinsic spatial resolution.

Intrinsic energy resolution

Intrinsic flood field uniformity

Intrinsic spatial linearity

Intrinsic count rate
performance

Multiple window spatial
registration

System spatial resolution with
and without scatter

System sensitivity

Definition

Intrinsic = without collimator;
Spatial = accuracy in determining the
location of the gamma ray interaction in
the X-Y plane.

ability to identify accurately the
photopeak events

variability of observed count rate density
with a homogenous flux

amount of positional distortion caused by
the gamma camera

max. count rate at which the gamma
camera can function accurately

positional deviations in the image at
different energies

system = includes collimator; ability to
detect accurately the location of the
gamma camera interaction on a X-Y
plane

efficiency of detecting incident gamma
rays
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Fig. 4.1 Schematic diagram of a gamma camera. Gamma photons emitted from an
organ pass through a lead parallel-hole collimator before interacting with
the scintillation crystal. Photons that strike the collimator perpendicular to
the face of the crystal will be detected; whereas all other photons are
absorbed in the collimator. Interactions in the crystal are channelled
through the light pipe and are converted to electric signals and amplified
in the preamplifiers. These signals are processed to determine the spatial
location (x, y coordinates) and absorbed energy (z pulse) of the scintillation
event.
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