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Chapter 2

SCOPE OF NUCLEAR MEDICINE IN THE DEVELOPING COUNTRIES

R.D. Ganatra

Many of the scientists in the developing countries recognize the value of medical
applications of nuclear energy and try to introduce them in the premier hospitals of their
countries. One has to ponder over few of the following questions before implementing such
apian.

Is it worthwhile to develop nuclear medicine in a country, where medical care is in its
infancy, and public health problems paramount? Does nuclear medicine contribute to the care
of the patients or is it mainly a luxury? Does it involve spending large sums of money for
a small return? Does it play any role in resolving problems of population, pestilence or
malnutrition?

There is a certain amount of glamour associated with nuclear medicine procedures, but
are these procedures such that the information obtained through their use is not available by
any other conventional means of investigations? What kind of a hospital in a developing
country should have nuclear medicine? Should the size of the nuclear medicine unit depend
on the size of the hospital? What are the basic minimum requirements for setting up a
nuclear medicine department? Should there be less sophisticated equipment for the have-nots?
What is the most economical radiopharmaceutical for the developing countries? Should they
do their radioimmunoassays (RIA) with kits or with bulk reagents? How many
radioimmunoassays they should carry out to make a laboratory economically viable?

Let us examine few of these questions to find out the scope and potential of nuclear
medicine in developing countries?

Relevance of nuclear medicine to medical care.

Nuclear medicine is primarily diagnostic; its reputation is mainly because of its
all-pervasive and non-invasive nature of its investigations. There is hardly any branch of
medicine, in which there is not even one nuclear medicine application. A set of basic
instruments can serve the needs of diverse disciplines, unlike something like an E.E.G.,
which would help only the neurologists and no one else.

This very wide spectrum of its applications should make us realize that these techniques,
although sensitive would not be very specific. They may not establish a diagnosis
conclusively but may exclude several diagnostic possibilities thereby eliminating the need for
other costly investigations. For example, the presence of a space occupying lesion in the
brain does not establish a histological diagnosis. A large number of other investigations will
be necessary to arrive at an unequivocal diagnosis. On the other hand, a negative brain scan
would remove the need for further neurological investigations, which may be expensive and
occasionally even traumatic. Let us examine from this perspective some of the present
nuclear medicine investigations:
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1. Investigations which establish a specific diagnosis:

e.g. thyroid function investigations; RBC survival; some of the radioimmunoassays; lung
scintigraphy etc.

2. Investigations which exclude the possibility of a diagnosis of a certain kind:

e.g. scintigraphy of the brain; renogram etc.

3. Investigations which are helpful in the follow up of the patients:

e.g. thyroid function tests; RIAs of certain hormones; imaging; Nuclear cardiology etc.
Once a positive diagnosis is made and definitive therapy given, non-invasive character of the
nuclear medicine procedures make them eminently suitable for the follow up of the patients.

Each laboratory test carries the responsibility that the diagnosis followed by appropriate
therapy will alter the natural history of the disease. In these days of highly specific and
potent therapeutic measures, precise diagnosis is essential before starting any treatment.
Nuclear medicine screening tests helps in excluding many diagnostic possibilities and spares
the patient unnecessary and misguided therapy. The intangible benefits of this role of the
nuclear medicine are in terms of savings in time off work, lost earnings, medicinal expenses
etc.

To justify nuclear medicine in a developing country, we have to see nuclear medicine in
a new role. It is not for putting diagnostic labels, not for differential diagnosis as we have
been conditioned to think so far. In a developing country it should be for differential
management. How does it alter the management decision in respect to a particular patient?
If management outcomes are restricted, there is no need for an investigation which does not
help in any way the management of the patients. If there is no bypass surgery, what use is
the thallium perfusion? Although primarily a diagnostic discipline, for its justification and
survival in a developing country, nuclear medicine should lead to a sensible differential
management.

Levels of medical care in developing countries.

The following pattern is prescribed by the WHO.

Al: Teaching Hospital.

(a) undergraduate and postgraduate training;

(b) speciality services e.g. cardiology, neurology etc.;

(c) competent radiology and other laboratory services;
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(d) research;

(e) serves 5 to 10 million population.

A: Large urban general hospital.

(a) speciality services;

(b) competent Radiology and other Laboratory services;

(c) serves 2 to 5 million population.

B: Regional or provincial hospital.

(a) competent general medical care;

(b) good Radiology and other Laboratory backup;

(c) liaison with a large general hospital;

(d) serves lh to 2 million population.

C: District or Rural Hospital.

(a) good out-patients care;

(b) competent in-patient care for the acutely ill patients;

(c) moderate Radiology and other Laboratory backup;

(d) arrangement for referral of patients for treatment or
investigations to a larger hospital;

(e) serves 50 000 to 500 000.

D: Primary Health Centre.

(a) only out-patient care;

(b) arrangement for referral of patients for treatment or
investigations to a larger hospital;

(c) elementary clinical pathology services;

(d) serves 10 000 to 100 000.
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Nuclear medicine facilities at different Levels of health care.

For setting up an effective and reliable nuclear medicine service in a hospital,
following are the basic requirements:

(a) stable uninterrupted power supply;

(b) dust free and air-conditioned site;

(c) provision for initial capital cost of equipment;

(d) provision for recurring cost for maintenance of the
equipment and for purchase of radiopharmaceuticals;

(e) reliable and frequent international and internal airline
connections for delivery of radiopharmaceuticals;

(f) local maintenance and repair facilities;

(g) speciality services in the hospitals for rational referral of
patients and subsequent management after diagnosis;

(h) reliable Radiology and clinical pathology services;

(i) personnel trained in nuclear medicine, medical physics,
radiopharmacy, radioimmunoassays etc.

It should be recognized that nuclear medicine is a high technology medicine and it is not
possible to set it up in all the hospitals. Certain infrastructure is required for successful
institution of nuclear medicine in a developing country. It should be in a hospital where
specialities like radiology and clinical pathology are well established, where at least some of
the clinical specialities are flourishing; these specialities should have other ancillary
investigation^ facilities; where it is possible to get well defined clinical material referred to
nuclear medicine so that you are trying to answer specific rational questions and not trying
to get results, which do not lead anywhere, as far as the management of the patient is
concerned.

It is unquestionable that both Al and A qualify for nuclear medicine installations.
Category D obviously can not have it. Same is probably true for C, although hospitals of this
type may be able to collect blood samples for radioimmunoassays and send them to larger
hospitals. Category B is doubtful. If it satisfied most of the above criteria, it should have
a modest nuclear medicine set-up, where not only in vitro studies are done but also few of
the in vivo investigations can also be carried out.
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Requirements for the growth and development of nuclear medicine
in developing countries.

What should a developing country do to promote nuclear medicine? Practice of nuclear
medicine requires sophisticated electronic instruments and a variety of radiopharmaceuticals.
Ideal situation would be when both are obtainable from local sources. It is not an easy task
for developing countries to produce these electronic marvels locally. It anticipates a
widespread electronics industry in a country so that various components which go in the big
machines are also made locally. One, who has worked in a developing country would realize
how exasperating a task it is to maintain, service and repair imported instruments. They
break down often in the tropics, are difficult to service due to lack of spare parts and their
down-time is unusually long. Many of the modern instruments have lots of "frills and laces"
and as a policy, it is prudent to purchase something which is "bare to bones" and simple to
use but still capable of providing the essential range of applications.

There are two ways in which a new health care technology can succeed in a developing
country: either it is better than the existing technology in terms of sensitivity and specificity
or it provides the hospital a status symbol. The latter type of "ornamental technology", very
few developing countries can afford, but it is very difficult to convince the public, who want
nothing less than the best, that new is not necessarily the best. Many imaging devices are
installed because they give a good image of the hospital and not because they offer better
diagnostic images of the patient.The questions that need to be asked before buying new
equipment are: Does the new technology lead to better care of the patients? Is it more cost
effective than the existing technology? Is the new machine likely to be viable in a hospital
of the developing countries?

Problems with radiopharmaceuticals are similar. Unless there is a broad based Nuclear
Energy program in a country, it is not economical to set up a reactor, just for production of
the radiopharmaceuticals. It is necessary for most of the developing countries to purchase
the radiopharmaceuticals from abroad. Coordinating their supply, commensurate with varying
needs of the department is a complicated task, invariably resulting in unutilized material and
economic waste. The present trend of using short half life radiopharmaceuticals makes it still
more difficult.

One thing which can be profitably done by all developing countries is to avoid import
of kits for radiopharmaceuticals and radioimmunoassays. It is possible to buy bulk reagents
and prepare kits on a national or a regional basis. This brings down the cost for some of the
kits to one-tenth of the original cost. The technique of preparing kits from the bulk reagents
is not difficult. Quite a few of the Agency's present programs are geared towards cultivating
this kind of regional self-sufficiency.

For practice of nuclear medicine in a hospital of a developing country, it is necessary to
create several amenities at a national level and also to have good international links for supply
of radiopharmaceuticals and for repair of instruments. This is possible only if institution has
a generous allotment of foreign exchange. From the viewpoint of the planners and
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economists, the whole national effort and all the international alignments are justified only
if the nuclear medicine facilities are available in as many hospitals of the country as possible.
As physicians, we may accept the relevance of nuclear medicine in total medical care of a
sick person but for setting up nuclear medicine in the hospitals of the country, there needs
to be a decision about the national priorities and for more than one reason such a decision
should not be based on political and economical considerations.

Nuclear medicine at different levels of health care.

How to set up nuclear medicine in developing countries, what equipment to order, how
much space should be allotted in a hospital and all other similar questions are dealt with
separately in different chapters.

It will be realized from the foregoing arguments that different levels of nuclear medicine
facilities are envisaged for different kinds of hospitals. For Al, it is a comprehensive range
of in vitro and in vivo investigations; for A and B, the range will be somewhat restricted;
for C, it will be mostly in vitro studies. What each hospital should or can do depends largely
on the interests of the attending physicians and health problems of the community. For any
hospital, it may be wise to start with a limited range of services and then to expand it
gradually pari passu with increase in awareness of nuclear medicine in medical staff.
Without being too specific, it can be said that there will be three classes of nuclear medicine
laboratories: the large one, the modest one and the small one.

Radioisotope therapy is possible only in a large Al hospital. Thyroid cancer therapy
involves radiation protection problems of a speciality nature, and it is in the best interests of
the community that this kind of treatment is handled at a central large hospital with
appropriate facilities for radiation protection and radioactive waste disposal.

Conventionally, thyrotoxic patients are not kept as in-patients for their radioiodine
therapy because their individual doses are less than 15 mCi. In advanced countries, it is
taken for granted that every patient would have adequate toilet facilities at home. This is not
the case in developing countries. Many poor patients have no toilets and urine is passed in
a washing area in the kitchen where utensils are cleaned and children bathed. It may be
desirable to keep this category of patients in the hospital for at least three days in developing
countries for radioiodine therapy.

Scintigraphy.

There used to be a lot of argument as to which instrument is better for which kind of
hospitals for carrying out imaging of various organs. Still few years ago, the rectilinear
scanner was considered as a more suitable choice as an imaging device than a scintillation
camera for the developing countries. It was simple, rugged and reliable. However, market
pressures of demand and supply have left only the scintillation camera as a choice. A decent
dual head scanner is no longer in the market. If a hospital decides to have imaging facility,
the question they have to decide is whether they should have it along with the dedicated
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computer and whether the whole system should be in a rotating mode or in a stationary phase.

The main forte of nuclear medicine is dynamic functional studies and for that, purchase
of a computer is unavoidable. The rotating mode of SPECT promises advantages with the
newer radiopharmaceuticals, especially in investigations of brain and heart. The cost
difference between the rotating and the non-rotating gamma camera is not that great. The
SPECT option requires stringent quality control, and if the department is capable of coping
with these problems, there is nothing wrong in trying to go for the best available.

Non-imaging nuclear medicine instruments.

Although "imaging" is the main preoccupation of any modern nuclear medicine
department, there are quite a few other things which can be done with simpler instruments
and which are of greater relevance to the health problems of developing countries. A
scintillation probe along with a spectrometer is always useful for various sundry jobs ranging
from thyroid uptake to nuclear cardiology. A dual probe unit (or even more than two probes)
along with the spectrometers and recorders is handy for doing renograms, which take away
an unduly long time of the gamma camera.

Any nuclear medicine unit in a developing country will be doing a large number of
radioimmunoassays. The unit may start with a manual well scintillation counter, but will
have to switch over to an automatic counter sooner or later. A multicrystal non-mechanical
type of a counter has a good record of trouble-free service. A personal computer attached
to such a counter is useful for data processing for quality control of assays.

A dose calibrator is absolutely essential in a nuclear medicine department. Several types
are available in the market. One of the robust types with less of the fancy features is an
appropriate choice.

" A variety of radiation protection monitor probes are inevitable in nuclear medicine work.

Ultra-sound imaging device is a non-nuclear instrument but having it in a nuclear
medicine department is of great help. Most of the nuclear medicine units have only one
gamma camera which is continuously busy. The ultrasound spares the camera for those
essential things which can be done by nuclear techniques only. Both these imaging modes
supplement each other in terms of diagnostic information. When radiopharmaceuticals are
not received or when the gamma camera is out of order the imaging can still be continued
for few of the organs with the help of ultrasound scanner.

Radiopharmaceuticals.

"Tc™ generator is a work-horse in a modern nuclear medicine department. Source of
supply should be reliable and capable of delivering the generator unfailingly. The stable kits
are quite expensive and as many of them as possible should be made locally. It will need
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initial setting up of the radiopharmacy facilities but in the long run, the local production
would reduce the cost considerably.

Radioiodine I3II is needed if therapy of the thyroid diseases is undertaken. Few other
radioisotopes are needed for specialized work, e.g. 5lCr, 58Co BI2, i9Fe etc.

Radioimmunoassay kits of the commoner assays should be made from the bulk reagents
locally. The kits for the assays which are done infrequently may have to be imported
periodically. It is economical to import them when sufficient number of samples are
collected.

Indium generator was heralded at one stage as the generator for developing countries
because it would be required to be imported once in 6 months. However, its energy
characteristics are not suitable for gamma camera, and with decreasing use of scanners, the
popularity of Indium generator has faded.

Conclusion.

Elaborate equipment plays an important part in nuclear medicine of today but we should
not forget that the most important instrument in nuclear medicine, as in all other sciences,
is still the human mind. Xerox copy of a nuclear medicine laboratory of an advanced country
in the surroundings of a developing country leads to versatile and glamorous incapacity.
Transplant of technology can not be attempted in a climate of jeopardy, adversity and
uncertainty. Innovation, and not imitation, is required for a successful transplant. Many
recipes are described in this Handbook for learning to do "more with less". It is still possible
for a nuclear medicine department in a hospital of developing country to be an island of
excellence in a sea of mediocrity, because there is hardly any other branch-of medicine,
where so many of the basic sciences have come together in the service of a patient.
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