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FOREWORD

It is common experience that the maintenance of scientific
instruments of all kinds in developing countries presents numerous
difficulties beyond those experienced in developed countries.
Many factors contribute to these difficulties: severe environ-
mental conditions, absence of factory-based service engineers, lack
of local technical staff, shortage of spare parts, administrative
complications, financial stringencies and others.

To review the current nature and severity of these problems as
they relate especially to nuclear medicine instruments, and to
identify appropriate measures for their alleviation, the IAEA sought
advice from an Advisory Group of specialists during 8-12 December
1975- These specialists were all experienced in the technology or
the application of nuclear medicine instruments, and in addition
most of them were either themselves from developing countries or had
worked in such environments as Agency technical assistance experts.
Also in attendance as observers were nuclear instrumentation experts
from several firms manufacturing equipment for medical applications
of radionuclides.

It is clear that solutions to the complex problems of maintenance
will be found only through the collaborative endeavours of all those
confronting them: the laboratories themselves, the manufacturers, the
individual governments and international organizations. This record
of the Advisory Group meeting is made available by the IAEA as a
possible aid to these various individuals and bodies, and also as an
invitation to them to share with the IAEA their insights and resources
for constructive action in the future.



CONTENTS

I. Introduction ............................................ 1

II. Nature and magnitude of maintenance problem .............. 3

III. Requirements in instrument design to obviate
or simplify maintenance problems ...................... 5

IV. Quality control - Recognition of instrument
malfunction ........................................... 8

V. Maintenance .............................................. 10

A. Prevention of faults ................................ 10

£. Diagnosis of faults ................................ 11

C. Spare parts ......................................... 12

D. Organization of maintenance services ................ 14

E. Training for maintenance ............................ 15

Appendix 1. Participants in Advisory Group Meeting .............. 17

Appendix 2. Nuclear medicine equipment in the developing
countries - A compilation of data from the
Register of Medical Radioisotope Units
(IAEA-167) ...................................... 18

Appendix 3. Instrumentation problems — Excerpts from
reports submitted by Agency Technical
Assistance Experts .............................. 25



MAINTENANCE OP NUCLEAR MEDICINE INSTRUMENTS IN DEVELOPING COUNTRIES

I. INTRODUCTION

The Advisory Group met at IAEA Headquarters, Vienna, during 8 to
12 December 1975» "to advise the Agency on strategies for improving
maintenance of nuclear medicine equipment in developing countries.
In Appendix 1 is given a list of members of the Group, and observers.
The latter, with one exception, were representatives of firms engaged
in the manufacture of nuclear medicine equipment; the discussion
benefited greatly from the specialized expertise they offered, in
their personal capacities, throughout the meeting.

The Group was informed that the Medical Applications Section of
the Agency is engaged in a study of the broad question as to how
nuclear medicine instruments can be used more effectively in the
developing countries. The study could be seen as consisting of three
parts: (l) the identification of those diagnostic applications or
research areas in which radionuclides could make the most important
contribution to health, (2) the determination of what instruments
are required, and the respective performance characteristics they should
have, to carry out the identified investigations, and (3) the develop-
ment of improved strategies to assure that the instruments are effec-
tively maintained while in use. It was the assignment of this Advisory
Group to provide guidance as to how the third task might be most
effectively accomplished.

The provisional agenda for the meeting had been formulated by the
Secretariat as a set of questions for consideration by the Group. As
background information the Secretariat distributed two documents. The
first (Appendix 2) was a compilation of data from the Register of
Medical Radioisotope Units (IAEA-167), summarizing in a semi-quantita-
tive form information acquired by the Agency during 1970 - 1973 on



medical radioisotope instrumentation installed in developing countries.
It was stressed that the information was certainly not complete even
at the time it was collected, but nevertheless gave some idea of the
scope of the situation a few years ago. A more recent sampling of the
current situation suggested that the total value of such equipment in-
stalled in these countries in 1975 was more than twice that reflected
in the data of Appendix 2. The second document (Appendix 3) was a
compilation of comments and suggestions contained in reports of Agency
Technical Assistance Experts working in fields related to the subject
of this meeting. This compilation was said to give, in the words of
the Experts, an impression of the problems they sensed with regard to
use and maintenance of nuclear medicine equipment.

As a preface to all of its remarks, the Group wishes to emphasize
that before a decision is taken to establish a nuclear medicine service
in a developing country, those responsible should recognize that both
the costs of certain important items in the budget (equipment, mainten-
ance, supplies) and the instrument down-time will inevitably be greater
than in developed countries.

As a further preface to its remarks, the Group would like to stress
that the maintenance of nuclear medicine instruments cannot be separated
from the long-term development of scientific and technological proce-
dures in a wide area of clinical medicine, and indeed in other fields.
When the development of nuclear medicine techniques in a particular
hospital becomes justified, provision must be made for adequate scientific
and technical support. It may often be the case that a nuclear medicine
unit by itself cannot justify the employment of scientific and technical
staff exclusively concerned with its own needs. The ideal would be that
these needs might be met from a scientific unit serving all the physics-
based technologies in the hospital, including, in addition to nuclear
medicine, such specialties as diagnostic radiology, radiotherapy, chemical
pathology, radiation protection, anesthetics and cardiology.

In addition to clinical personnel, three types of scientific and
technical staff are required to ensure the effective use of instruments



in nuclear medicine units. Medical physicists will be involved in the
development of techniques, the general supervision of the physics
aspects of on-going programmes, and the overall monitoring of instru-
ments and their technical performance. Instrument technicians
(occasionally engineers) will be responsible for servicing and main-
taining equipment, and should have a general competence in electronics
with specialized experience as required for the particular instruments
they must maintain. Nuclear medicine technicians (laboratory techni-
cians) will handle the equipment in routine use, including its appli-
cation to patients; it is necessary that, through an awareness of
quality control, they be competent to identify when the instruments
are not performing satisfactorily.

It is essential that these three categories of staff should be
recognized as essential components, in addition to the clinical staff,
of a nuclear medicine unit if the available equipment is to be used
efficiently and accurately. The fulfilment of their important role
can be assured only if they are accorded appropriate status and career
prospects.

II. NATURE AND MAGNITUDE OP MAINTENANCE PROBLEM

There is little question that maintenance of nuclear medicine
instrumentation in developing nations needs to be improved in order to
reduce down-time and to assure performance capable of yielding reliable
information for clinical evaluation.

Breakdowns occur for many reasons: operator incompetence; severe
environmental factors such as dust, humidity and heat; local electrical
power failures; failure of electrical and mechanical components, etc.
Facilities, staff and spare parts for preventive maintenance and repair
are scarce. Even the available resources are inefficiently brought to
bear as a result of fiscal, customs and administrative complications
(see Appendix 3).

The exact magnitude of the problem is not known with a high degree
of confidence. However, it has been estimated by those who have worked



in or visited such installations in developing countries that as much
as 5O?o of the nuclear medicine equipment is non-functional. Such
estimates, coupled with the data in Appendix 2, imply that many millions
of dollars' worth of nuclear medicine equipment is currently lost to
productive service in the developing countries.

In order to identify the countermeasures that might be effective,
and to estimate what scale of effort in remedying the situation might
"be justified, it would be useful if the IAEA could conduct an unbiased
survey of maintenance problems in developing countries, using a combi-
nation of questionnaires and site visits by experts in the field. To
give a realistic estimate of the financial implications of the equip-
ment down-time, this survey should seek information not only on non-
functional equipment, but also on the fixed running costs of the
service that is incapacitated by the absence of functioning equipment.

There are two distinct facets to the problem which must be kept in
mind while attempting to formulate an effective approach to maintenance.
First, there is a wide range of issues associated with maintaining
equipment once it has reached the field, including the large amount of
equipment already there. One such issue is the provision of suitably
trained maintenance staff with access to appropriate facilities, so
that they can give good maintenance in the field. Another such issue
relates to the procurement of spare parts and service from abroad, which
in each country is subject to local priorities and rules. These issues
are dealt with at greater length in subsequent sections. However, the
purchaser of major equipment should be aware that maintenance and
quality control will be required even for the best-designed equipment;
he should therefore seek advice on these matters from international
agencies, manufacturers, and users who have experienced conditions
similar to those under which he expects to operate.

The second facet of this general problem relates to the future
design of instruments that will find use in developing countries. A
strategy must be worked out that will attempt to minimize the known
problems by means of technological improvement of new equipment by the
manufacturer. Manufacturers should be made aware of the specific



environmental conditions which exist in the field, so that they might
recommend a list of optional features that could improve the reliability
and increase the life-time of the equipment under such conditions.
Military procurement agencies from all over the world have required
specialized modifications and construction of equipment in order that it
might function in severe environmental conditions with high reliability.
Manufacturers are in general aware of these techniques and could borrow
from this expertise to "ruggedize" their equipment in order to meet the
more severe demands. Some of these design features are discussed in
more detail below. However, it must be recognized that the limited size
of the market in developing countries may offer little incentive to
manufacturers to make extensive alterations to their standard lines of
equipment as designed for the less severe conditions typical of most
developed countries.

III. REQUIREMENTS IN INSTRUMENT DESIGN TO OBVIATE OR SIMPLIFY MAINTENANCE
PROBLEMS

The equipment design activity consists not only of the design of
the instrument to meet certain performance requirements, but also the
design of documentation and testing adjuncts which, when supplied to
the user along with the equipment, allow its proper operation and upkeep.
In carrying out this activity, it must be borne in mind that the equipment
in developing countries operates under a mix of taxing environmental con-
ditions. Physical, electrical and technological-skill environments can
vary widely. It is vital that costs be kept low for equipment to be
used in developing countries. Hence, designs with the least complexity
which are well proven and whose research and development costs have
already been recovered are the most advantageous. It is also important
to remember that equipment should be designed to serve for a longer
period of time than in developed countries. Since a considerable number
of failures are likely during the instrument's life, the design should
facilitate easy maintenance. Initial failures on site should be pre-
cluded by subjecting the equipment to an adequately long "burn-in" test
at the factory.



Wherever possible within cost limitations, equipment should "be de-
signed for operation over a wide range of temperature and relative
humidity, and the design should "be proven by suitable testing under
such conditions. Modular design, and provision of plug-in extender
boards incorporating automatic diagnostic routines, facilitate both
maintenance and quality control during use. In addition, modular
design facilitates continual updating of equipment capability and complex
repairs at the manufacturer's works. Further, reconfiguration of systems
is possible to suit changing requirements. In modular design, there
will be portions that are common to all modules. These portions need
particular care in design, since failures therein can affect all modules
and can even damage good modules substituted from other systems during
the course of fault tracing. In such cases, extra self-check features,
such as tri-colour lamps to indicate bus voltage levels, have been found
to be very valuable.

The designer must ensure that signal tracing techniques can be
readily used to identify a defective component. Marking of all components
on the circuit board, and liberal provision of clearly identified test
points and signal waveform data on the circuit board itself, are some
of the steps that can be taken during the design to facilitate maintenance.

Since power supply fluctuations may be very severe, designs with
low power consumption are advantageous as they can be easily stabilized
either by devices internal to the instrument or external to it. Simple v

timers for surge protection, which reconnect equipment to mains only a
fixed time after power reappears following an interruption, as well as
battery-float charge inverter designs, could be profitably considered.
In particular, the latter system also ensures operability during a
short-term power supply failure.

In case of automated equipment, designs which permit manual operation
in the event 'of failure of the automatic system would be very desirable.
For all instruments, designs which allow continued operation after the
occurrence of minor failures (even though with somewhat degraded performance)
are advantageous; preferably the design should provide for annunciation
of such failures.



The operator's manual (instruction manual) should be designed in
full recognition that it is a vital document. It should explicitly
describe, in simple language intelligible to foreigners, routine set-up,
calibration and check procedures, giving complete data on test sources
and details on calculations to be performed. It should specify the
periodicity of the routine tests and include procedures for tracing
faults at the module level. It should list all physical, electrical
and radiological precautions to be taken during operation and maintenance
to ensure safety of operator, patient, equipment and environment. It
should encourage the habit of proper instrument logging with regard to
hours operated, hours lost in maintenance, results of calibration
checks, etc.

The maintenance manual (service manual) is probably the most impor-
tant single document which determines the performance level and the life
of the instrument. It should, therefore, be very comprehensive and should
be made freely available to users in developing countries. (Since it
would be inappropriate for developing countries to be supplied with
newly developed equipment which had not been well tested under field
conditions, manufacturers could not reasonably object to supplying such
documents on grounds of commercial confidentiality.) The manual, again
in simple language, should preferably use a programmed form of presen-
tation, giving detailed description of the function, circuits and
mechanisms and a full procedure for fault diagnosis (including identifi—
cation of instruments required therefor) and repair, supported by signal
waveform data, exploded views and special notes on matched or selected
components. Preventive maintenance and tune-up procedures should be
described in detail. The educational and training background necessary
for full comprehension of the manual, and the tools and skills needed
for service and repair, should be specified in detail. The parts list
should describe the standard components in such a manner as to allow
independent purchase, and preferably give data on permissible substitutes.
The list of recommended spare parts must be drawn up after taking into
account data received from the field or experience with consumption of
spares in similar units.



IV. QUALITY CONTROL - RECOGNITION OF INSTRUMENT MALFUNCTION

In the experience of members of the Advisory Group the situation
in most nuclear medicine laboratories in developing countries at present
is unsatisfactory and capable of much improvement with respect to con-
trol of instrument performance. Details of practice with regard to
performance checks could be obtained in an Agency questionnaire. How-
ever, it is generally accepted that performance checks of instruments
are not routinely carried out and that checks on sensitivity, resolution,
energy-level settings, etc., are rarely undertaken. The result is that
avoidable damage to the machine occurs and that diagnostic facilities ^
for patients are ineffective, and sometimes harmful if they lead to
wrong diagnoses.

The inadequate checking of instrument condition and performance can
arise from deficiencies in the overall information and facilities pro-
vided with the instrument, and also from inadequate awareness on the part
of the user of the purpose and value of such checks or of lack of know-
ledge or skill to make them.

Three types of maintenance and performance tests of equipment can
be envisaged: (l) installation adjustments and subsequent comprehensive
electronic tune-up of the equipment according to an established maintenance
schedule, (2) simple routine instrument checks of instrument electronics
at the user laboratory, and (3) performance tests of the overall proce-
dure, these tests again conforming to a regular schedule but being of a
non-electronic nature. For all of these tests, which are described be-
low in greater detail, there must be a clear allocation of responsibili-
ties within the department to ensure that the tests are properly carried
out and that appropriate action is taken when the results are found to
be unsatisfactory. Where the maintenance and testing responsibilities
are spread over several individuals (e.g. electronic and mechanical
maintenance), someone must take overall responsibility to ensure that
important operations are not missed because each individual technician
feels that it is the other man's job.



Installation adjustments would be the responsibility of a competent
and experienced electronics engineer, normally the firmes installation
engineer. Subsequently, comprehensive electronic tune-ups might be
undertaken either by the firm's servicing engineer if he were available
on a routine maintenance contract, or by a suitably trained engineer or
physicist who might be a staff member of a regional laboratory or, when
such services have developed, of the hospital or nuclear medicine unit
itself. For such servicing to be practical, it is obligatory that
maintenance manuals for the instrument in question be available, prefer-
ably in duplicate (one to remain with the instrument, the other with the
engineer). In the preceding Section stress has already been laid on
the desirable attributes of such manuals.

The simple routine instrument checks are those that would normally
be undertaken in any nuclear medicine department by technical staff
capable of diagnosing faulty instrument performance and carrying out
simple test procedures. Instruments should be designed so that routine
checks of voltage can be made, and appropriate simple meters and tools
should be available and accessible in the department. The operator's
manual, as previously noted, should detail the tests that should be
included in a day by day routine, and contain specimen record sheets
illustrating the manner in which appropriate records can be kept. The
value of such daily records in checking instrument performance is very
great and must be considered part of the routine of any nuclear medicine
laboratory. Again, two copies of the operator's manual should be avail-
able with the instrument.

Performance tests of the overall procedures, involving checks of
sensitivity, resolution, etc., using standard radioactive test sources,
would normally be conducted by the nuclear medicine technicians or by
members of the associated physics group. A daily routine of such quality
checks, supplemented by special checks after every repair, should be
instituted with appropriate simple record keeping. Suitable test sources
and phantoms should be provided with the equipment, and reference to
their use and importance should be made in the operator's manual.



The Group believes that detailed consideration should be given to
performance tests as appropriate in typical nuclear medicine depart-
ments. This study could be undertaken either by an IAEA Advisory Group
or by one or more consultants, and conclusions might be published either
as an Agency document or in the regular scientific literature. The
Agency could also obtain field data by including questions on quality
control procedures in its questionnaire on breakdown behaviour. It
could increase the awareness of the necessity of quality control pro-
cedures by inclusion of a paper on the topic in the agenda of the forth-
coming IAEA Symposium on Medical Radionuclide Imaging (Los Angeles,
25 - 29 October 1976).

The Group also considered the possibility of standardizing and
intercomparing performance by the circulation of test phantoms and
samples. It appeared that a feasible mechanism for such comparisons
might be offered by the WHO Collaborating Centres for Nuclear Medicine.
It was stressed that quality control both in instrument performance and
technical procedures was a matter of importance in other closely allied
fields such as diagnostic radiology, radiotherapy, and especially
clinical chemistry. Continuous contact with the work of WHO in these
fields would be valuable.

V. MAINTENANCE

A. Prevention of faults

Prevention is better than cure Ï

The choice of equipment and diagnostic methods should reflect a
realistic appraisal of local conditions. If the equipment is supplied
by the Agency or other non-local sources, weight should be given to the
advice of the prospective user; in particular, account should be taken
of the equipment already in the department and the service facilities
available. Users in developing countries should be discouraged from
ordering equipment that has not been on the market for one or two years
and thus adequately tested in the field. The usual tendering procedure
wherein price is the only, or at least the primary, criterion - a
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procedure used by many countries and sometimes by international organi-
zations — should be modified. (Some recommendations relevant to
tendering procedures are found in an Expert's comments in Appendix 3.)

Manufacturers must pay special attention to hazards facing the
equipment during transport, particularly handling at airports, and take
appropriate care in design (notably secure mounting of transformers) and
in packing.

Once acquired, equipment must be installed in a compatible environ-
ment (dust, temperature, humidity). A reliable electrical power supply
having suitable frequency and voltage characteristics and, of equal
importance, proper earth connections are necessary.

All potential users of the equipment must be fully informed regarding
the function and operation of the instrument before they start to use it;
in particular they must have read and understood the operator's manual.

B. Diagnosis of faults

The first step to take when a malfunction is suspected is to deter-
mine whether it may reflect simply a maladjustment or improper operation.

Fault diagnosis is greatly simplified by choosing modular equipment
for general-purpose use. For more complex equipment, construction may
be based on the use of removable circuit boards.

Electronic-fault location by substitution of a good module or board
for one that is suspect makes the least demand on technical skill.
However, before this procedure is used it is essential to check power
supply voltages (either by built-in LED indicators or with a multi-meter)
to avoid the risk of damage to the replacement unit. Duplication of
equipment simplifies diagnosis by substitution, (it has an even greater
value in that it ensures continuity of measurement capability even if
one instrument breaks down.)

Where substitution is not possible, fault diagnosis may be effectively
accomplished only by persons with some training in electronics. On—the—
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spot diagnosis is facilitated if the equipment has been provided with
plug-in extender boards offering appropriate automatic diagnostic
routines. These should be supplied with the instrument together with
simple extender cables. The use of such "self-test" boards would
probably allow effective maintenance to be carried out by a technician
of lower technical proficiency than would otherwise be required.

The essential test equipment which the electronics technician must
have for detailed fault finding includes a high impedance multi-meter
(preferably digital), a high frequency oscilloscope (a 15 MHz, prefer-
ably dual trace), and an adequate supply of hand tools (including the
specialized tools necessary to avoid damage during investigation and
repair of faults). Additional desirable test equipment includes a
transistor tester, a function or pulse generator, and a logic tester.

C. Spare parts

Delays in acquiring spare parts constitute one of the major
difficulties in instrument maintenance in developing countries, as is
abundantly illustrated in Appendix 3« Remedies must be sought in
organizational and financial domains.

Spare parts should be considered in several categories according
to price and frequency of demand. The more expensive items for specific
instruments cannot be stocked, but should be available on call from the
supplier. Parts likely to fail more often, such as indicator lamps,
fuses, and small electro-mechanical components, should be delivered
with the apparatus and their stock should be regularly replenished.
General spare parts, such as resistors, transistors, capacitors, inte-
grated circuits, and equipment—compatible screws and bolts should be
locally available, preferably in the electronics repair and maintenance
shop of the hospital.

Difficulties are often encountered in identifying the required
spare part. Sets of data books on transistors and integrated circuits
should be available and kept up to date, so that lists can be prepared
of equivalents which may be more readily available than those specified

- 12 -



in service manuals. Manufacturers should be asked to list replacement
parts and part numbers for their equipment, and if they relabel with
their own numbers parts acquired from other suppliers, they should
nevertheless display the original label also.

In many countries the process of importation is surrounded by
regulations and procedures that may cause considerable delay in ob-
taining items from abroad. It may be helpful to inform manufacturers
of the administrative problems that are peculiar to each of the de-
veloping countries in order to expedite paper work or routine procedures.
In addition, the recipient should fully inform himself as to the impor-
tation procedures he is expected to fulfil, and in general, he should
follow these procedures carefully rather than attempting to circumvent
them.

Great financial difficulties often accompany the acquisition of
spare parts. The continuing need for spare parts and maintenance must
be recognized when ordering equipment. This should be done preferably
by including provision for them (in appropriate currencies) in the
annual budget of the centre or hospital. For more complicated equipment,
installation and service contracts with the manufacturer should be
regarded as obligatory. The Agency should examine whether the establish-
ment of such procedures should be made a condition attached to its
supply of equipment. An alternative possibility would be to include
spare parts and maintenance contracts in the initial order of the equip-
ment, and indeed an integral part of the tender. International organi-
zations should consider modifying their procurement rules to allow
such procedures when they purchase equipment for developing countries.
To solve problems in the procurement of small items and spare parts,
two alternatives may be considered: (l) where foreign exchange diffi-
culties arise, purchasers should be made aware of the possiblity of
using UNESCO coupons for their acquisition, and (2) an advance deposit
of funds for such purchases could be established in trust in the supply-
ing country, for example at a "sister laboratory" if it is suitably
located and offers the necessary level of expertise and interest.
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D« Organization of maintenance services

Maintenance services may be organized in a variety of ways, de-
pending on the complexity of the equipment and on local circumstances.

Some maintenance capability on the part of the local staff is
essential. At a minimum it must include the ability to recognize when
the equipment is not functioning satisfactorily, and normally it would
include the ability to perform simple tests to locate faults, for
example by substitution of modules. In many rather isolated centres,
as often found in developing countries, local capability should extend
much further. Whenever possible, this capability should be so organized
as to cover clinical laboratory instruments (e.g., spectrophotometers,
pH meters) and radiology equipment in addition to nuclear medicine
instruments; the advantages of such a combined service with respect to
economy of facilities and skilled staff are obvious. In addition to
purely electronic maintenance facilities, basic mechanical workshop
facilities must also be available; for these, resources within the
local community may suffice.

Additional maintenance services external to the hospital will al-
ways be required. For all users, the manufacturer constitutes an
ultimate source of information and spare parts, and also of repair
service when instruments and modules can be easily returned to the
factory. (For small devices, the manufacturer should be contacted
before shipment to determine whether replacement is more economic than
repair.) As already mentioned, maintenance by the manufacturer's agent,
perhaps through a service contract, may be advantageous if such service
is locally offered with reasonable promptness; for complicated instru-
ments availability of such service may be virtually essential and indeed
a precondition for acquisition of the instrument. National or regional
service centres could be useful, either by sending repairmen to the
equipment or by repairing equipment sent in from the field. The latter
procedure would obviate any customs or export-import complications
attending shipment of equipment to a foreign manufacturer. It may be
possible to engage the maintenance skills of local non-staff maintenance
men (TV repairmen, airport electronics repairmen); it would be reasonable
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to -supplement their training to enable them to service specialized
equipment. Finally, a roving repairman might function effectively
if he could be supported financially through income from the various
units served. International organizations might be able to take use-
ful initiatives with regard to establishing and possibly financing
such services. Such a repairman should have a fairly high level of
general technical competence, supplemented by specific factory training
for particular instruments on his route.

E. Training for maintenance

Reference has already been made in the Introduction to the
importance of providing staff of several specialities, in addition to
the nuclear medicine physician, when building up a nuclear medicine
service. Each of these has a distinctive role to play in the mainten-
ance of instrumentation, a role that may depend somewhat on the
complexity of the equipment. Provision of training commensurate with
each of these roles is a vital part of assuring effective operation of
the instruments.

The physician in a developing country must normally have a know-
ledge of instrument performance and maintenance which exceeds that of
his colleagues in developed countries; he may be able to place less
reliance on his supporting staff, and may in part have to train them
himself. His training should include sufficient physics and electronics
to permit him to understand the measurement process, to adjust and
operate the instrument in the measurements, to maintain an effective
quality control programme, and to recognize instrument malfunction.

The medical physicist, all too seldom available in developing
countries, should have training appropriate to his dominant role in
monitoring the instruments and their performance. He should also con-
tribute importantly to the local training of instrument and nuclear
medicine technicians. The Agency could play a distinctive role in
helping to increase the supply and competence of medical physicists.

The instrument technician (occasionally engineer), on whom the
burden of instrument maintenance directly falls, requires both a general
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training in electronics and machine-shop work and a special training
appropriate to the more complex instruments he must service. An
important part of the general training may be accomplished in a good
course on radio and TV electronics. For nuclear medicine units a
deeper training in analogue pulse electronics and digital electronics,
such as that offered in the Agency1s courses in Turin on maintenance
of electronic equipment, will probably be required in addition.
Emphasis must be placed on developing self-sufficiency - the ability
to improvise, to make effective use of instrument manuals, to distin-
guish between errors of adjustment of the equipment and technical
failures. The special training required for the complicated instruments
will depend upon the instrument. Preferably it should be conducted as
in—service training at the factory after the technician has completed
general training of the sort described above. The duration for this
special training may vary from weeks to a year or more, (it is not
to be expected, however, that fully effective servicing of such compli-
cated equipment as a gamma camera can be accomplished by a technician
alone; it may be necessary to leave such instruments to factory-based
repair services.) To benefit from in-service training, a nuclear medi-
cine unit should confine its purchases of equipment to as small a
number of manufacturers as possible and only to those providing such
training; often the rules currently underlying competitive bidding
prevent this.

Nuclear medicine technicians, like other members of the staff, may
have to work with substantially greater independence and skill at improvi-
sation than is required of their counterparts in developed countries.
Their training with regard to instrumentation should resemble that des-
cribed above for the physician, emphasizing an ability to recognize
trouble and to work autonomously.

In general, it must be emphasized that all staff members must be
expected to work in greater isolation in the developing than in the
developed countries. Whatever back-up services do exist (e.g. national
centre, roving repairman) should be exploited not only in performing
these services, but also in extending the training of local staff.
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Appendix 2

Nuclear Medicine Equipment in the Developing Countries — A Compilation
of Data from the Register of Medical Radioisotope Units (IAEA-167).

In 1970 the Medical Applications Section of the International Atomic
Energy Agency distributed a questionnaire to those laboratories in de-
veloping countries known to it to be engaged in nuclear medicine activities.
It was designed to elicit detailed information on staff and equipment in
these laboratories, as well as on the clinical applications, research
activities, and teaching programmes conducted therein. The results were
compiled in the Register of Medical Radioisotope Units (Preliminary
Edition), IAEA-167. It is recognized that these data were not complete
even when collected, and are now a few years out of date.

The extracts from the Register presented below will provide semi-
quantitative background information as to the types, numbers and approxi-
mate value of the major items of nuclear medicine equipment in these
countries.

For comparison, analogous data have been included from recently
available equipment surveys in the U.K. and the U.S.A. (The surveys were
initiated by the Scientific and Technical Branch, Department of Health
and Social Security, London, and by the Academic Council of the Society
of Nuclear Medicine, respectively. They have been published in the
Proceedings of the First World Congress of Nuclear Medicine, Tokyo, 1974,
p. 1399 _ 1403, and in the J.Nucl.Med., 1974» 1,5, p. 22 - 31, respectively.)

It should be noted that:

l) The value of each of the major items of nuclear medicine equipment
as of 1970 has been somewhat crudely assumed in the attached tables
to be as follows:

Gamma cameras US$ 40,000
Radioisotope scanners US$ 15,000
Single probe systems US$ 5,000
Multi probe systems US$ 10,000

Manual scintillation counters US$ 5,000
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Automatic scintillation counters US$ 10,000
Whole-body counters US$ 20,000

2) The replies to the questionnaire, which were received in 1970 - 1973,
do not reveal the degree of sophistication of the equipment (e.g.,
single- or dual-head scanner, size of detectors, sample capacity,
accessory equipment such as multi—channel analyzers, data processing
units, tape recorders, etc.).

3) The data for "the U.K." were collected from 15 regions in England
and Wales. The increase in the number of imaging devices from 1971
to 1973 is roughly 50$.

4) The total value of the equipment in the U.S.A. is considerably under-
estimated when using the simple cost estimates indicated under l).
Out of the 1787 scanners identified in the survey more than 400 are
of dual type or even more complex. The cameras and the scanners are
also complemented by 685 tape recorders, and by 176 multi—channel
anaferzers and other auxiliary equipment. A more reasonable figure
for the value of the equipment in the U.S.A. in early 1973 may lie
well above US$ 200,000,000 rather than close to US$ 80,000,000.



AFRICA

Country (No. of
1 all s . surveyed )

Algeria (l)

Egypt (3)

Ghana (2)

Morocco (l)

Nigeria (2)

Senegal (2)

Sierra Leone (l)

Sudan (2)

Uganda (l)

Zaire (2)

Zambia (l)

Total (18)

Gamma
cameras

0

Hadio-
isotope
scanners

1

4

1

1

2

1

1

1

12

Single
probe
systems

8

1

2

2

2

1

2

1

3

1

23

Multi-
probe
systems

1

3

1

1

1

7

Manual
well
s;cint.
counters

1

6

3

2

2

2

1

1

1

2

1

22

Autom.
well
scint.
counters

1

1

1

1

4

Manual
liquid
scint.
counters

1

2

1

1

5

Autom.
liquid
scint.
counters

1

1

1

1

1

5

Whole-
body
counters

1

1

Total
cost (in
$1000' s)

50

160

45

45

65

50

10

55

30

70

30

610

Normalized
per million

All
equipment

3.2

4.5

4.8

3.0

1.1

12

3.9
3.2

3.0

2.9

6.7

Mean=3-0

cost (SlOOO's
inhabitants)
Cameras and
scanners only

1.0

1.7

0.0

1.0

0.3

7.1

0.0

0.9

1.5

0.6

0.0

Mean=0.9

c



ASIA AND THE PACIFIC

Country (No. of
labs, surveyed )

Bangladesh (l)

Burma (l)

India (26)

Indonesia (l)

Rep. Korea (8)

Malaysia (l)

Pakistan (4)

Philippines (9)

Singapore (l)

Sri Lanka (2)

Thailand (6)

Viet-Nam (l)

Total (61)

Gamma
cameras

3

I

2

6

Radio-
isotope
scanners

1

1

13

1

8

3

6

6

1

2

7

1

50

Single
probe
systems

2

1

24

1

11

1

5

5

1

1

9
l

62

Multi-
probe
systems

1

1

1

1

2

1

4

2

1

1

3

18

Manual
well
scint.
counters

3

1

26

1

11

1

4

7

1

1

8

1

65

Autom.
well
scint.
counters

2

1

I

I

2

1

1

1

10

Manual
liquid
scint.
counters

2

1

2

1

6

Autom.
liquid
scint.
counters

7

3

1

2

13

Whole-
body
counters

3

1

4

Total
cost (in
$1000' s)

50

35

795

50

300

75

195

230

55

60

335

25

2205

Normalized
per million

All
equipment

0.7

1.2

1.3

0.4

9.0

6.7

3.0

5.7

25.0

4.5

9.0

1.3

Mean=2.1

cost ($1000' s
inhabitants)
Cameras and
scanners only

0.2

0.5

0.5

0.1

4.8

4.0

1.4

2.2

6.8

2.3

5.0

0.8

Mean=0.9

I
ro



LATIN AMERICA

Colon-try (No. of
labs, surveyed)

Argentina (3l)
Bolivia (3)
Brazil (18)
Chile (3)
Colombia (?)
Costa Rica (2)
Cuba (l)
Ecuador ( 1 )
El Salvador (l)
Jamaica (l)
Mexico (11)
Panama (l)
Paraguay (2)
Peru (3)
Uruguay (2)
Venezuela (9)

Total (96)

Gamma
cameras

2

1

3

1
2

9

Radio-
isotope
scanners

14
2

15
5
5
4
3

1

9
1
1
3
3
10

76

Single
probe
systems

32

7
25
4
7
2
3

2

16
1
2
2
1
8

112

Multi-
probe
systems

6
1
8
2
4

2
1

4

2
1
6

37

Manual
well
scint.
counters

29
2

15
3
7
2
2
1
2
2
10
1

3
3
1
7

90

Autom.
well
scint.
counters

4

4
3
3
1

2

1
1
2

21

Manual
liquid
scint.
counters

1
2

1

4

Autom.
liquid
scint.
counters

9
1

3
2
2
1

1

3

1

2

25

Whole-
body
counters

1

1

2

Total
cost vin
$1000 «s)

805

95
580
190
235
100
90
55
35
40
480
25
40
110
115
405

3400

Normalized
per million

All
equipment

33
18
5.8
19
10
53
10
8.2
9-0
20.0

8.9
16
17
7.4
38
37

Mean=12.4

cost (SlOOO's
inhabitants)
Cameras and
scanners only

12

5-7
2.2

7.4
3.2
32
5.0
6.0

3-9
0.0

4-7
9.4
6.2
3.0
28
21

Mean=5.5

I
ro



MIDDLE EAST AND EOROPE

Country (No. of
labs, surveyed)

Bulgaria (4)

Greece (7)

Hungary (23)

Iran (l)

Iraq (2)

Israel (ll)

Kuwait (l)

Lebanon (3)

Poland (19)

Spain (8)

Turkey (3)

Yugoslavia (ll)

Total (93)

Gamma
cameras

2

1

1

2

4

3

1

3

17

Radio-
isotope
scanners

3

12

24

1

3

10

1

5

15

9

7

12

102

Single
probe
systems

5

9

36

1

2

11

1

1

27

11

7

17

123

Multi-
probe
systems

8

24

2

11

1

2

8

7

2

13

78

Manual
well
scint.
counters

3

10

19

1

3

11

1

3

25
10

6

15

107

Autom.
well
scint.
counters

4

5
l

7

1

2

4

2

2

28

Manual
liquid
scint.
counters

1

3

1

4

2

1

12

Autom.
liquid
scint.
counters

1

5

2

1

6

1

3

1

20

Whole-
body
counters

1

1

1

2

1

1

7

Total
cost (in
$1000' s)

100

545

1020

45

150

625

45

115

775

530

250

645

4845

Normalized
per million

All
equipment

12

61

97

1.4

14

195

45

38

23

14

6.6

31

Mean=23

cost ($1000' s
inhabitants)
Cameras and
scanners only

5-2

29

38

0.5

8.2

72

15

25

12

7.0

3.8

14

Mean=14

I
ro



U.S.A. + U.K.

Country Year of
survey

USA 1973

UK 1971

UK 1973

Gamma
cameras

978

33

49

Radio-
isotope
scanners

1787

90

128

Single
probe
systems

888

Multi-
probe
systems

427

Manual
well
scint.
counters

7

Autom.
well
scint.
counters

292

Manual
liquid
scint .
counters

7

Autom.
liquid
scint.
counters

244

Whole-
body
counters

7

Total
cost (in
SlOOO's)

79995

2670

3880

Normalized
per million

All
equipment

377

cost (SlOOO's
inhabitants)
Cameras and
scanners only

311

56

81

c



Appendix 3

Instrumentation Problems - Excerpts from reports submitted by
Agency Technical Assistance Experts

This document illustrates the instrumentation problems as seen
in several countries by Agency Technical Assistance experts. It
consists of typical excerpts from their reports, in most cases from
the final reports and recommendations submitted by them to the
respective Governments which they served. Names of countries and
institutions have been omitted.

These excerpts reflect the views of the individual experts and
do not necessarily represent those of the International Atomic Energy
Agency.
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I. GENERAL PROBLEMS

The "budget of the University is allocated to the various institutes
and the fiscal year starts 1 March, but the availability of funds is
often delayed. Because of this it often happens that it becomes im-
possible to purchase even small necessary items for consumption, and this
again results in unfortunate upsets in the normal work.

For all instruments and parts to be purchased from abroad, a very
long and time-consuming procedure is obligatory. After a valid offer is
obtained and translated into xxxxxxxxxx, an import licence has to be
obtained from the Government. This permission is then submitted to the
Central Bank through which the money transfer is done when foreign currency
becomes available for the purpose. As it is often difficult to foresee
the delay involved in this step, a formal order for the equipment is
normally not submitted by the University. The initiative is left open to
the foreign firm when it receives the accreditation papers. This can
easily produce further delays, so that the imported equipment does not
arrive within the fiscal year. In such cases, the funds allocated for
custom expenses etc. are automatically returned to the Government. It
is obvious that these shortcomings are making long-term planning difficult
and is disappointing to the staff.

Because of the nature of these various difficulties, I could not see
any single step which could change the situation immediately. It was
obvious that it was a long—term job, and that the problem had to be
attacked from different angles.

At the muuuuuuucx. Hospital, they have a new [gamma] camera. The
camera was installed in December 1974» and operated well until April 1975»
Since that time it has been inoperative due to fiscal problems between
the Hospital and [the manufacturer] which has been the reason that locally
available service has not been authorized.
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At about the same time we received our first 10 cc Ge-Li semi-
conductor detector which was unfortunately found completely spoiled
by prolonged lack of liquid nitrogen during its air-transport from the
United States. For training purposes rather than in the hope of
achieving the original parameters the detector was subjected to a re-
drifting procedure before it was sent back to the manufacturer for
replacement.

A fund corresponding to about 5»500 dollars was available for pur-
chase from the local market. After suitable tools etc. had been found
by trawling various shops, the procedure for purchase could be started.
The paper work involved was quite cumbersome and time-consuming. Only
an equivalent of about 100 dollars could be given at a time for pur-
chase. After the goods were bought, it took several days to obtain a
new advance. For equipment costing more than 50 dollars, three proforma
invoices from three different firms were necessary. For items costing
more than 300 dollars, an open public request had to be performed through
newspaper advertisements.

One of the anticipated problems is that hospitals do not budget for
equipment maintenance at realistic levels. Electronic equipment of the
type being used usually requires 8 - 10$ of the cost of the instrument
per year, over the lifetime of the instrument, for maintenance. This
cost goes up in the late years of a system's lifespan, and exceeds such
numbers when it is seriously obsolete. (Five years is the normal life-
span assumed for Nuclear Medicine systems.) Mechanisms are needed for
identifying support for these costs at the time equipment is purchased.
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II. MAINTENANCE PROBLEMS

In three of the four major hospitals visited in xxxxxxxxxx signifi-
cant problems affected the operation of their major clinical equipment.
At the xxxxxxxxxx Hospital, the [gamma camera] was inoperative approxi-
mately 25$ of the time due to extremely poor response uniformity; the
digital magnetic tape recorder had never worked, the video tape recorder
was out for minor repairs approximately 10$ of the time. The multi-
channel analyzer was inoperative 100$ of the time. Severe light leaks
distorted the scanner images from the only operative scanner in the
Department. A second [similar] scanner has been out of working order
for several years. Parts availability is the major problem at this
institution where very talented electronics maintenance and design
personnel are on the staff.

At the xxxxxxxxxx Hospital, the [gamma] camera was inoperative
approximately 30$ of the time. Their multichannel analyzer and tape
recorder have been inoperative more than 95$ of "the time since acquisition
2 years ago.

The radioisotope calibrator was out of order, leaving nothing to
check the doses administered to patients. In view of the seriousness
of the situation and the lack of spares and service in xxxxxxxxxx, I
have taken steps to have the suspected faulty part checked in my own
laboratory.

The colour scanner had been out of order and unused for some two
years. This was found to be due to the use of an incorrect EHT voltage
setting, which was in turn due to reliance on a confusingly written
Instruction Manual. The equipment is now operational.

A recently acquired scanner had been out of action for the past two
months. The photoscanner display awaited a spare part from the U.S.A.
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The mechanical dotter was also not working. The latter fault was cured
by properly levelling the equipment, and the equipment is now operational
as a dot scanner.

The renogram equipment was operational, but had previously been out
of action for some twelve months, simply because of the difficulty of
obtaining replacement mercury reference cells for the chart recorder.

Locally we could purchase only some fuses, resistors (not good
tolerance), capacitors (not always adequate) or signal bulbs. Delivery
time for the locally purchased spares was at least 15 days due to
administrative complications. There is no possibility of buying elec-
tronic tubes or transistors for nuclear instruments. Difficulties are
also caused because of the different makes of the instruments (U.K.,
U.S.A., U.S.S.R.).

The organization of the maintenance service is complicated by various
factors, and some of these will be mentioned specially:

1) Many instruments are not portable and have to be repaired where they
are placed. As the various University departments are spread nearly

all over [the city], repair work involves much travelling. Related
expenses normally have to be paid out of pocket.

2) Some instruments, especially those used in the University hospitals,
are sometimes of vital importance and have to be repaired immediately
and out of turn.

3) Service manuals are often not available.

4) When brought in for repair, the instruments are often not accompanied
by description of the observed fault to serve as a guide during
repair.



5) It is often experienced that the instruments are working properly,
but are only needing minor adjustments, are incorrectly operated,
or measured results are wrongly interpreted. In such cases the
trouble is easiest mended on the spot where necessary advice also
easiest can be given.

In many cases I therefore found it most convenient to visit the
instrument users myself, so that a judgement could be made as to the
apparent fault before the instrument eventually was sent in for repair
to the laboratory. I do think that these visits also were useful in
other respects, and I had the pleasure of experiencing improvements in
the operation of instruments, their maintenance, and in the availability
of manuals. Another benefit from these visits was that measuring prob-
lems could be discussed and advice could be given to equipment needed.

It must be emphasized that the present position leaves much to be
desired and has already resulted in much waste of equipment, and a
dangerous degree of loss of confidence on the part of potential donors
of funds and equipment from abroad. This situation is entirely avoidable;
there are quite a number of people trained for and capable of this work,
and it is a purely administrative problem of how their services can be
made available to Government Hospitals. All administrative, as distinct
from human and scientific problems, are capable of solution, and it is
urged that one should be found without undue delay.

The installation of the gamma counter was completed without difficulty,
but I should place on record that it was supplied without any proper ser-
vicing manual. Such a manual was promptly requested from the manufacturers,
but none had been provided by the end of my assignment and the future
operation of the system cannot be assured without one. The need to provide
such a manual with every item of equipment supplied under technical assistance
projects cannot be stressed too highly.
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I also tried to repair and put into working order some nuclear
counting instruments, previously furnished by IAEA. Although nearly
brand new, these instruments were in a very bad state of order. For
instance nearly all GM detectors were destroyed because no series
resistance had been fitted. Some of this work had to be delayed until
spare parts and better instruments for repair became available later.

It is common, indeed normal, to see expensive instruments unused
because of breakdowns. The problem is occasionally one of difficulties
in diagnosing a fault, but more usually it is due to a lack of spare
parts or supplies of consumables. The trouble is more serious than
merely having an instrument out of use for a long time (the author has
been told that 6-12 months is not uncommon), devastating though this
is. It is the author's opinion, albeit based on few examples, that once
an instrument has suffered a serious breakdown, it may not be used again
because those scientists who were using it naturally turn to other topics
when it is out of order and, equally naturally, do not begin using it
when it is working again or could be made to do so; they have either
been put off it by the breakdown or they prefer to continue with their
new topic which does not need it. This, in the author's opinion, has
a deleterious effect on the advance of science and technology in xxxxxxxxxx,
both because of the effect on morale and because some up-to-date techniques
cease to be used. It is essential therefore that an attempt be made to
decrease the time lag of 6 — 12 months to one month or less.

Encourage all users to buy equipment with the help and advice of
[the atomic research center]. This will ensure that the right choice
is made on technical considerations. Further, this is a means of re-
ducing the multiplicity of makes of equipment. It would be advisable
to order a set of spares with each new item. Although this would increase
the initial cost by about 10 to 15$ it would ensure that continuous
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operation was possible. It is also worth standardizing as far as possible
the types of plugs and sockets used. Apart from being a long term saving
in money it would also increase the versatility of existing equipment.

It would be best if all new equipment was purchased to operate on
220 volts. The [local power] supply into [the atomic research center] is
220 volts and has a better regulation than the 110 volts supply which is
derived from earthing the centre of the 220 volts supply. It should be
noted that [the electronics laboratory] has already converted many of
their units to 220 volts.

It should be mentioned that care must be taken in the use of voltage
stabilizing transformers, e.g. Sola type. These can distort the input
sine wave from the mains which, when applied to valve stabilized supplies,
can upset their stable operation.

It is desirable that [the atomic research center] has its own elec-
tronic reference books and textbooks (these could be on permanent loan
from the library) and some more up-to-date books than are at present
available from the library.

It should be the policy of [the atomic research center] to write
regularly to manufacturers for current technical data and similar litera-
ture which is often free. At the moment there is little information on
transistors and modern components.

It is advisable to follow through the requisition of items ordered
to ensure their prompt delivery.

III. NO PROBLEMS

I found the place in an excellent state of wellbeing. The local
people appear to have carried out every suggestion which I made; and
there has been development. There is order and cleanliness and the staff
are all [local]. The Chief Technician was good enough to show me some of
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the work going on; I could not, in a very short visit, assess its value
in any close detail. But the equipment, all of it, is obviously well
cared for and used rather than stored. I told [the Chief Technician] at
the end that he had given me one of the happiest hours of my life.

IV. SUGGESTIONS AND RECOMMENDATIONS

Introduction

To one who was familiar with the old [medical college], the progress
represented by the partially completed medical city can only be described
as phenomenal. Consequently, I find it particularly disappointing to
have to record that in comparison the genuine progress in medical radio-
isotope applications is extremely limited. It would be a reasonable
estimate to say that the efficiency of utilisation of the existing re-
sources (buildings, capital equipment, trained personnel) is something to
the order of 10 per cent, and under the present system of operation I see
little prospect of any improvement. I must emphasize most strongly that
these remarks are not intended as criticisms against the individuals who
operate the medical radioisotope services, since I know them to be highly
dedicated and hard working. The problems are largely those of organisation.
The following recommendations are offered as constructive suggestions and
are based on my personal experience of dealing with such problems not only
in juuuumxjum but in other countries with similar conditions.

General Organization

Working hours

At present both Institutes providing medical radioisotope services in
are only effectively operational for some four to five hours

a day. So long as this situation persists it is pointless to make re-
commendations on further development. Money invested in capital equipment
and personnel training is largely wasted, as is the time and effort of
the teaching staff in overseas institutes and any visiting experts who
come to JLX-X-XJLX-X-XJLX..
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Ideally, there should be clinical and technical staff cover from
0800 - 1700 on working days, with access to the laboratories and equip-
ment at other times to meet operational and research requirements. This
may have to be achieved in stages, and it may be facilitated by adopting
a five-day week. Most of the clinical and administrative workers would
not be required in the afternoons and most of the routine clinics could
be done in the mornings; but among the medical and paramedical staff
the concept of full-time working must become more generally accepted,
and with it a more professional attitude than exists at present among
the non-medical staff. The laws of human physiology and radioactive
decay make the full-time approach necessary in the medical radioisotope
centres.

In order to determine the performance of Nuclear Medicine counting
and imaging systems throughout Latin America, along with the quality of
service, a session on instrumentation at the forthcoming Latin American
Nuclear Medicine Congress (Ecuador 1976) has been arranged. A questionnaire
is being designed and will be sent to nuclear medicine centers and equip-
ment manufacturers. Results of the survey and a round table discussion
will be held at the Congress. Solutions to common problems should be
possible, given information and opportunity for users and vendors to
discuss common problems.

The institution in xmucojuuLX. could order spares direct from the
overseas manufacturer without the necessity for pro forma invoices, or
the intervention of third parties. Only in this way could the 6-12
months time lag be brought down. One possible way of doing this would be
to have a deposit in some overseas bank which could be drawn on by certain
authorized [individuals] solely for the purchase of spares. Obviously,
financial safeguards would have to be placed in such a scheme, but the
author would strongly suggest that something of this sort is urgently
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needed. The utilization of all the instruments now out of order in
would not cost a great deal, and might well satisfy most

(but not all) instrument needs in the country.

I would recommend that the following must be provided when commercial
quotations are obtained for major items of equipment:

a) Price of equipment and all necessary attachments, shipping charges,
insurance and installation costs.

b) An estimate covering one year's supply of consumable items where
appropriate, such as chart records, sample holders, etc.

c) An undertaking that adequate operator training will be provided at
the time of installation.

d) An undertaking that a factory trained service engineer will be
available [when the equipment is installed]. Alternatively, the
quotation should include the total cost (including travel) of
providing a suitably qualified technician from one of the Depart-
ments concerned with sufficient factory training to carry out first
line servicing.

e) The annual cost of a service contract of the guarantee extension
type extending over a period of 3 - 5 years.

f) A recommended list of spares and special tools which need to be
obtained in order to enable the guarantee to be implemented.
(This implies that the instrument should have been on the market
for 1-2 years, so that the likely faults are known.)

The overall cost of all these items should be considered when making
a choice, rather than item (a) alone.

Although there may be electronics technicians available, it is both
unjust and unrealistic to expect a man with only general training to be
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able to carry out detailed fault tracing on highly specialized equipment
without a factory service engineer course analogous to that received "by
car service engineers specializing in a particular make.

If a physicist or other scientist of sufficient calibre to justify
senior lecturer status, and with an interest in the physical aspects of
nuclear medicine, could be found to work in association with xxxxxxxxxx
and to act as a counterpart for future visiting experts, this would
solve a major problem which has existed for some sixteen years.

V. EPILOGUE

... I almost feel [after having taken up service again as an Agency
expert subsequent to my participation in this Advisory Group] that I
could add a paragraph or two to Appendix 3. An instrument arrived through
IAEA - $20,000 - no manuals of any sort, no arrangements of any sort for
maintenance, spares, operator training. Other instruments out of action
for months because there is no one in the hospital to make the necessary
technical effort to put it right or to find out why the local servicing
firm doesn't do anything - or to report back to the supplying firm that
his local agent has lost his skilled man or his interest — no technical
supporting facilities to keep instruments going, even such as simple
meters - tools etc. missing ...

Kind regards,
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