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TNTRCDUCTICN

Delivery of mcdern health care depends to an ever-increasing
extent upon the proper distritution and utilisation of
biomedical ecuipment. The latter extends from simple mechanical
devices to be found in every place vhere health care is administered
to very complicated and expensive mechanical, electromechanical and
electronic equipment suitable for installation only in the most
sophisticated hospital envirommemts. An understanding of the nature
of biomedical equipment and the problems which it presents is
therefore as equally applicuble to primary health care in rudimentary
health centrzs as to large university teaching hospitals. An
acceptance of ecuipment involving such a broad range of science and
engineering in its design and comstruction brings with it the
need to recognise the requirement for adequately trained technologists
to ensure equipment is always in a condition fit for its purpose.
Unless such teclmologisis are available in adecuate numbers and
are satisfactorily trained and orgenised to apply their rare
skills in the most efficient marmer, the full potential of

biomedical ecuipment vill never be realised.

According to available surveys, there are 10,0C0O hospitals
in developing countries with two million beds and 6 to 8 billion US$'s
vorth of bio-medical equipment. In some countries, up to 60%
of available biomedical ecquipment is not being used. The
overriding cause of this situation has heen idenitified as the
lack of repair and maintenance even where breekdovn has arisen from
simple, easily rectifiible causes. Against a recuirement of about
1C,CCC maintenance and service personrncl, there are only 2 to 2
thousand available. Howvever, other important factors affecting
the situation have been the purchase of ecuipment too sorhisticated
for its use or of noor design and installation of sovhisticated
ecuioment in places ~here tecrmical advice on i%3 use has Teen
absent. Such a situation is undoubtedly ccmplicated by the fac*
that most e~uipment is imported frem suppliers unable to provide

an ade~uate maintenance and rerair service.




This report concentrates on the major problems facing
develoving countries in integrating biomedical ecuipment into their
health care system. The advice is unavoidably general since
specific advice is impossible withou: detailed knowledge of the
organisation of health care in a particular couniry, its particular
needs and its industrial and educational infrastructure.
Recommendations are made as to how this general advice could
be particularised for individual countries or areas of the world.

The report recognises an overwhelming need for any developing
country to produce a plan for biomedical equipment management.
The latter must include avzilability of information on the range of
manufarturers from whom equipment can be obrvained and advice on the
suitability of such ecuipment for various clinical purposes and
environments. Cuidance on the type of ecuipment best suited to
each environment where health care is delivered is essential.
An adecuate purcutsing procedure based on contract condicions
vhich include compliance with technical standards and the provision
of training for health technologists w.ll be important. However,
by far the most important aspect of ecuioment menagement must
be the training of an adecuate number of technical personnel for
the repair and maintenmance of bicmedical equirment.

Many of the problems of devalcping countries can be related
to the extent to which equipment is impcrted. This will be pertinent
not only to mairtenance and repair but also may, of itself, limit
the amount of biomedical equipment available if, as is common,
foreign currency is scarce. With no subrtantial manufacturing
facilities, developing countries tend to lack the infrastructure
for training biomedical engineers and for providing iob
spportunities; detailed kmowledge of the design of tte equipment
+~hich they use will be lipmited. This report recognises the need,
identiried oy the 1975 Lima Declaraticnm, for a greater manufacturing
rapability in developing ccurntries. If the present circumstances

continue, the aim that developing countries should achieve 2 25%




share of industrial outout by the year 2C00 will not be achieved.

Without detailed knowledge of the industry, capabilities
and needs of any individual country, no specific advice on the
ecui pment most suitable for manufacture can Ye given in this
report. Such advice, through the offices of UNIDO, must await
srecific detailed surveys and industrial profiles of coumntries
or areas of the world and adecuate feasibility studies. However,
this report considers some of the most important general factors
and lists only as examples, tiose simple devices wnich might be
cons:dered for manufacture ani some equipment which might be

suitable for assembly.

The report finally recognises the need for a continuing
dialogue and exchange of information and expertise among the
develoving countries and the developed countries and welcomes
the initiative undertaker by INIDO. In so saying, it should be
recognised that a number of daveloping countries already have a
substantial biomedical manufacturing industry wih  well organised
e~uipment management procrammes and training schemes. Their

experience is just as valuable as that of develored countries.




Organisation of the Meeting

The meeting, which took place at URIDO Headquarters in Vienmna,
Austria from 10 - 14 December 1979, was opened by Dr.A.Tcheknavorian-isenbauer,
Chief, “harmaceutical Industries Unit, UNIDO.

Mrs.Tcheknavorian emphasised the importanre of biomedical
equipment in the general Health Care System and stated that ome
of the main aims of the meeting was to work out a programme
to help developing countries in this field. Amongst the
problems faced by the latter are the lack of kmowledge of proper
maintenance of biomedical equipment ard the paucity of information
about the different sources of supply of equipment. She
stated that UNIDO would like to develop local production of
biomedical ecuipment and in this comnection, invited the advice of
the participants. She also requested the participants to identify
those instruments which were considered essential and prepare
a "List of Essential Biomedical Instruments” both from the
health cere and industrial points of view. Such a list should
include the equipment which should be produced as a first
priority and which would not be too sophisticated to be produced

in developing countries.

Adoption of the Agenda

The agenda was adopted subject to revisior to keep it
flexible.

Precis of the Meeting

14 experts from Europe (BRD, Norway, Bungary, Austria,U.K.and Turkey),
North america (Canada), from Latin America (Brazil, Mexico, Peru),
from Asia (India) and from Africa took part in the meeting. They
eacr gave a description of the actual status of biomedical equipment

in their country.
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BQUI MENT MANAGEMENT

Equi pment management is the key to the effective use of
technolcgy in health care. Many problems have resulted from a
failure to recognise all the aspects of management of

instrumentation ard the commitments that they require.

What is meant by equipment management? In a comprehensive
report "Biomedical Equipment Maintenance Service Programmes"#
the Jdifrerent aspects of management of equipment are defined.
The pages in question are annexed to this report and are summarised

below.

In revieving the different aspects of ecuipment management
the importance of close liaison between the clinical personmel and
the technical staff must be comsidered. This close liaison should
start when the problem in question is to be defired.

A, Selection:

- identification and appreciation of the need;

- knowledge of vhat is availahle on the market;

- deterzdnaticn of the appropriate ecuipment for suiting the needs;
- evaluation of equipment;

- compatibility with other equipment;

- environmental recuirements.

B. Procurement:

- compliance with the requirements;

-~ aveilability of szervice and raintenance;

- availability cf accessories, spare parts and consumables;
- provision of service manual;

-~ orovision of coperation manual;

- stability of the supplier;

~ oprice ard availability of the ecuiment;

- sarranty.

* See Amnnex L.




C. Insvection:
- 1initial inspecticn;
- acceptance testing;

- provision of specified components, iastructions etc.

D. Implementation:

- preparation for use;

- staff training;
- safety considerations.

E. Pollow Up:
- opreventive maintenance (periodic inspection);

- evalvation of the use.

F. Repair.

To perform all the above menvioned topics +here is an urgent
need for an approrriately organised management system. Many modes
for i.:plementation of equirment management programmes are described
in the above mentiored repcrt, the range from provision of
elementary technical staff to professional biomedical engineers or
medical physics' personnel. The appropriate system must fit the
wicue rejuirements of the local health systems,

The provision of technical and professional staff for
management of equioment must be included in the financial

commi tment for technology in health care.




™aining ~f biomedical engireering personnel at various levels
irn develovninz countries

For the sustenance and success of any programme in the
specialised area cf biomedical engineering, te 1t ma.rtenance,
production, development or research, there is a continuous reed
for adecuate training facilities and irained persommel al various
levels. As this is very much lacking in developing countries which
is one of the main causes of the existing technological gap, the
following training programmes are therefore recommended:

Training programmes:

a) Maintenance and Service Technicians - this programme is meant for

training basic technicians in taking care of preventive maintenance,
detection and repair of faults and in carrying out periodical
servicing of biomedical equipment such as X-ray equipment,
electromedi cal equipment, biomechanical and rehabilitation
ecuipmen* and technical a;’.ds for the handicapped etc. depending

on the particular need of the dewveloping country. The programme
may come under the category cf vocational or indusirial training

as in existence in developiig ccuntries.

b) Clinical engineers - the clinical engineer would uave the overall

responsibility of biomedical engineer ng problems in a hOSpitaL/
nealth care unit such as planning, organising, supervising, guiding
all maintenance work and servicing procedures. His training will
included the following:

i) technical kmowledge of all biomedical equirment used in health
care delivery/hospitals;

ii) prenaration of maintenance schedules and guidance of techmicians
working under him;

iii) safety precautions and their implementaticn;

iv) to recommend appropriate type of ecuirment towards its purchase,
its evaluation and prorer installation;

v) to conduct regular continucus itraining to the staff;

vi) 40 lead the clinizal engineering dezartment and maintain

liaizon -<th the medical staff;




vii) +to collaborate and to supply irformation to the biomedical
industry;
viii) to -~ork as a team -«with medical doctors in operaiing theatres

and othersin medical assessment.

The “evel 2t ~hich this programme is to be conducted would
depend upon the educational system existing in the concermed country.

c) Biomedical engireers - these will be at a level of training

persormel in the area of research, development, design and teaching.
Such trained persomnel are needed to make the developing countries
self-sufficient in technical knew how, to develop and generate
their own teaching skills, initiate research and development

activities of use to the biomedical industry and medical research.

The priorities to be given to the above programmes devend

on tha developing countries concerned. It is felt that most of the
developing countries would need immediately the first programme of
biomedical maintenance and this could be followed by the seccnd
programme of clinical engineering. In some countries, all three
programmes may be needed simultaneously as they may be involved
not only in maintenance of biomedical equipment, but also in the
indigenous production of biomedical equipment, research and

development activities.

It is also necessary fnr developing countries to establish
rapport amongst themselves through UNIDO for exchange of infurmation

on training progranmes, technical knoy how etc.

T~




TIT. PRCDUCTION

The production of biomedical equipment in developing
countries should be encouraged. The size and demand of the market
should te taken into consideration together with the
existing industrial infrastructure and the industrial and health
policy of the country. Cne has to take into comsideration that the
yearly import of bi&medical equi pment into the developing countries
is about USS 500 million which is still growing (taking into
consideration the depreciation of the existing ecuipment and the
development of the health care in the countries this figure is not
overestimated at all). Feasibility studies sho1ld be carried out
in individual countries as well as in different areas such as
the Andean and Arab regiomns. Attention should be drawn to the needs
of instirument and equipment design for special use in developing
countries (e.g. small portable sterilisers and refrigerators for
vaccine). The equipmeni must be designed to meet the

local environmental and other conditionms.

UNIDC may help in providing the necessary expertise and
technology. This would lead to the establishment of the local
potertial of the design and production of biomedical equipment.

In this matter, the collaboration between the developing and
developed countries and betvween the developing countries (TCDC)

can be very useful.

Examples of viomedical ecuipment which should be considered
as appropriate to be manufactured in developing countries are the
folloving:
eds;
surgical instruments;
injection needles;
cverating tables;
~ashers;
boilers;
sterilisers;
~ater baths;

thermcmeters;
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plaster baniages;
tissue adhesives;
glasswvare;

disposables;

gloves;

stethoscoves;
sohygmomenometers;
spirometers;

balances:

laboratory centrifuges;
ophtalmoscopes;
colorimeters;

technical aids for the handicapped;

For more advanced countries it would be of interest by using

premanufactured perts to produce:
electrocardicgraphs;

oH meters;

X-ray apparatus}

X-ray films;

photometers;

mi croscopes;

dental chairs;

operating lamps.

- —




RECCMMENDATICNS

The Ad Hoc expert zroup meeting recognised the importance
of the role of biomedical equipment in the health care system andé
specified areas which should be given aue consideration by governmerts
and international bodies in order to improve viomedical ecuicment
management, training, maintenance and production. Specific

~ecommendations, based on the above subjects, are as follows:

1. Policy:

a} urge governments of developing countries, especially the
Ministries of Health, to recognise the role of biomedical
engineering in the health care system, especially ir hospitals.

This should lead to an allocation of funds within +*le health

budget for the c¢reation of biomedical engineering departments for
better ecuioment menagement, developing research and maintenance
which »i1l lead to a bettir and safer use of the existing potential,
eéﬁnomise on foreign exchange and raise the standard of ‘health care.
b) reccmmend the Ministries of Industry, in co-operaiion with the
Ministries of Health, to consider the development and producticn

of biomedical ecuipment for the health care system in the country.
c) urge governments to recognise and accord status to the biomedical

engineering profession within the u=alth care system.

2. Ecuioment Manégpmengzgthe group recuests governments ito take into

\

corsideration the guidelines and to act accordingly, in order to

ensure proper selection, procurement and utilisation of biomedical
ecuipment. Ia order to implement the above guidelines, UNIDC or any
nther capable interrational organisation, cculd offer assistance

upen reruest.

) in this connection, it is recommended that UNIDQ, in co--cperaticn
~1th the Intermaticna: Fecderation for Medical and 3islogical ZIngineering,
srganize -orikshoovs »n the management of tiomedical emwicment, in »rider

to asszist %the govermments of develsring countries in thiz area,

e
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:. Treining/Mainienance:2)the group recommends that UNIDO, in

co-operation +it* the International Federation for Medical and
Biclugical Engineering, conduct a survey on existing maintenance
facilities and training possibilities at national, sub-regicnal

and regional levels,

%) UNIDO, in co-operation with govermments, will establish centre(s)
for training, maintenance, repair and research at different levels.
These could also be conmsidered at national, sub-regiomal and regional

levels.
4. Production:

a) the group recommends that a survey be carried ocut by UNIDO on
the available production capacities in developing ~ountries and to
identify the potential of different cdeveloping countries, their

infrastructure which is available in this special field.

b) based on the above, WNIDC should develop programees for
improving the muality of locally produced biomedical ecuipment by
transferring appropriate technology to expand and create new
facilities to produce biomedical equipment, as listed under
chapter III.

¢} 1in this connection, UNIDO, in co-operation with national and
international organisations, institutions and manufacturers, could
make available technology, expertise, design and layout for the

establishment of such facilities.

4) UNIDC, in co-operation with WHO, chould initiate the development
of special ecuicment needed by the developing couniries for their

health care programmes and to establish facilities for production.




5. General Recormendations:

a) the group recognised that existing expertise in different

areas of biomedical engineering, such as equipment

management, training, maintenance and production in some develoring
ccuntries could be transferred to othar developing couniries on
approvriate terms. UNIDO is therefore requested to act as a catalyst
for the establishment of such a programme -»f co-operation between

developing countries for the implementation of the above recommendations.

b) in order to promcte the idea of technical co—operation amongst
developing countries, UNIDO should organise an exchange of
information through personal contacts, seminars between policy makers
and technical experts in order to establish a dizlogue between them

and a better understanding.

g —
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Annexe I

Reprinted from the report of the First Irternational 3iomedical Engineering
Workshop Series: "Biomedical Equipment Mainienance Service Programs™ published

by the American Institute of Biological Sciences. For further details, write

to the Secretariat, Internatimal Federation for Medical a:d Biological Enginearing,
¢/o National Research Council of Canada, Ottawa, Canada X14 ORS

As WHAT EQUIPMENT SHOULD A HOSPITAL ACCEPT?

The dwice of the correct equipment to satisfy a specific clinical need affects the speed and effi-
ciency of the desired medical service. Its proper selection is the first step in an effective equipment
mintenance program, and should be made with grest care. Too often the hospital administration is depen-
dent upan the literature or promotion cffered by mmnufacturers or their ugents. Tecmical guidance almost
invariably lesds to 3 more intelligent determination. This finction is in fact ane of the more important
contrbutions that can be provided by a sedical engineering service, whether in-house or external to the
- institution. The medical engineer can and should evaluate the design quality of the instrumentation, its
mde of operatimn and performsnce, and, above all, its probsble maintensrnce demands.

Comitment to 3 maintenance and repair policy begins from the moment of purchase. The initial in-
vestment in equipment may be much smaller than the cost of its maintenance. Thus a relatively small sav-
ing in the purchase of a less expensive instrument may result in an increszsed coct of keeping it in opera-
tion. This is true in other areas of endeavor, but in the delivery of health care the consequence of
failure mkes it 2 mandatory cmcept. )

If quality is the first consideration in purchase of equipment, availability of parts or service must
core a close second. The most scphisticated equipment is of little use if it camnot be mxintained or re-
peired withaut delay. The wise purchaser will exmmine the service policy of the seller, the advisability
of buying reasonable spares, the accessibility of the instrument for servicing, the maintenance data pro-
vided by the manufacturer, snd the local svailability of parts, service facilities, and expertise. Since
all these desirable features are seldom availsble, the buyer should seek to optimize his choice.

Standardization is an import-nt concept in the selection of instrumentation. Whether it be within
m institution or a widespread system, the comsistent use of proven mskes of equipment reduces the volume
of spares that must be stocled and the mmber of mmintencnce and repair procedures that must be underzaken.
It also strengthens the bargaining power of the health care system in dealing with the mamufacturer in
purchase or repair contracts.

Compatibility of new items with existing equipment is essential. In modern clinical practice, in-
struments are often integrated into a diagnostic or therspeutic system. The buyer who attempts to purchase
- withour technical guidince may well end up with an 'orphan' that will not £it into the system family.

Compatibility of power sources will bectme of greatar importance in the developing trend toward bst-
tery-powered instruments. Not only will it be necessary to standardize on the types of batteries used in
order to reduce inventory, but the investment for recharging facilities msy be decreased. Standardization
of power comnectors and other hardi‘are will J effect m econcmy and comtribute to safety.

Quosely associated with compatibility is wersacilicy. A patient-monitoring instrnument with provisicn
for external display or .nterchangeable fimctional modules jis more useful than a single purpose ecuipment.
Additional channels can be added as the need arises. The module cancept also facilitates replacemsnt or
- repair,
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The next considerstion sust be the suitability of equipment for the intended use, for the environ-
ment, and for lczal custom. Thus sn equipsent which astomates many functions that can be done safely and
in an acceptable time marually may not be advantageocus in an economy where labor is plentiful and inex-.
pensive. Similarly, an instrument designed for laboratory research may ruc be aporopriate for clinical
use and equipment designed for a temperate climate nzy break down when subjected to the high temperature
and humidity of tropical regioms.

On the other hand, there are occasions when the buyer may seek equipment that reduces the decision-
making demands by the user in order to obtain the maximm utilization with the minimm expertise. In such
instances he must accep® the higher technology inherent in the cesign of such instruments. In a sense, he
mst trade-off medical for techmical expertise and must weigh the cost of this when he makes the purchase.

Opsrational costs may be a significant factor in selecting equipment. Does the instmment consume
excessive power? Does it require expensive chart psper? Does it need comditioning of the enviromment for
its dependable operation? Will it require extensive staff training for operation or msintenance?

The probable period of use before obsolescence of either the equipment or the clinical ne>d should
be considered. Solid state electronics (transistors, printed and integrsted cirarits) revolutionized the
lesign of most electromedical instruments in a few short years. In many instances its improved perfor-
mnce, reduced size snd power demands, and longer operational life rendered the previous generation of
equipment cbsolete! Many complex systems have been developed for autcmated chemical analysis at a great
szving of time and effort. However, some of the routine tests are now being replaced as diagnostic needs
change. A complete generation of this equipment mey be cbsolete within the next S years. Obsolescence
camot be predicted with certainty but there are indicators i1 technology and clinical practice that need
to be read in determining instrumentation requirements.

Ne must now add a note of concern about safety in medical instrumentation. Most instmuments are in-
trinsically safe when their interface with the patient is at the body surface. However we zre becoming

committed to more gnd wore diagnostic or therapeutic procedures which invade the imner tissues of the body.

In that milieu, the threshcld of eleccric shock hazard is much more critical. Mmy safety standards now
call for classification of electromedical instrumentation into categories according to the hazard associ-
ated with its use. These standards specily safe design features mnd designate acceptable limits for fault
arrrents. Campliance with such specifications should be sn invariable condition of purchase of patient
care equipmesi.. '

These are the cardinal guidelines for the selection of medical instnmentation. They should be ap-
plied, where possible, to the acceptance of dmated equipment. Gifts of equipment and instruments pose
very special problems in a health care system. They msy creite operational and maintenance expenditures
ﬁrhawsofthcirmitialcostmdinemymvinnqﬁnu-mmuybydund.pia:t.
The embarrassment involved in specifying requirements for danated instnummmtation msy be far less than
that incurred later in explaining why it is out of servics.

The selection of ejuipment must be followed up by inspection on arrival. Failure to do so msy in-
validate my claim against the supplier and will invariably increase the msintenance and repair burdes.
If this appears to be an unlikely occurrence, consider what happens when equipment is ordered at the time
of construction of a new facility. It usually remeins in a pecking case mtil the facility is completed.
Then it is discovered that the patient applicators are missing, there is no maintensnce mamual or parts
list, todents appear to have eaten the insulation off wires, and the shipment has been dropped in tramsit.
1f the warranty is located it probably will have expired. The work and expense of repair then camences
before the equipment ever sees service. I: is essential that inspection ba linked to selsction as che
first step in an equipmsnt maintenance repair progras.

Pl




- 16 -

B. WHAT ARE THE BICENGINEERING DEMANDS?

Before attempting to determine a policy for the maintenance and repsir of instrumentation, the
heelth care authority should look at’‘he demands of the institution or system for bioengineering services.
These will be dependent upon many factors and may differ widely between hospitals or regions.

Maintensnce requirements are dictated by the zmount of instrumentation and equipment, its use (and
sbuse), complexity, and environmental conditions that may accelerate degradation or failure. The amount
and type of instrumentation is determined in turn by the size of the health care establishment, the na-
ture of patient trestment, indigenous Mdealth problems, the extent of dependence upon other regionrl facil-
ities, ad economic limitations. :

Other biocengineering service Jdemands are conditional upon the sophistication of diagnostic or ther-
speutic procedures, safety considerations, the extent of clinical research and development or hospital
plaming, and the need for techrological consultation in the procurement or installation of equipment.

The complexity ap~ amount of instnumentation are good indices of service requirements. A small out-
station hospital may use basic equipment for radiography, electrocardiography, specimen or tissue snaly-
sis, and other relatively uncomplicated procedures. Cn the other hand, eye disease may be indigenous to
the region and ever 21 small health care institution may then provide fairly extensive facilities for its
diagnosis and treatnt. In same areas of Southeast Asia, betelnut chewing has produced a high incidence
of mouth cancer and therapeuric X-ray equipment is used extensively in its treatment.

Some instruments are relatively insemsitive to damage from extended use. X-ray equipment is not.
The manufacturer usually gives guidance on the recosmended duty cycle. If it is ignored, the life of the
X-ray tube and perhaps the high voltage supply will be foreshortened. The X-ray transformer oil cooling
system demands rigorous attention in hot climates. Since radiography equipment constitutes a high pro-
portion of hospital instrumentation, its extent and use offers a useful index of the probable service
needs of the institution.

Climatic extremes influence service demands. Electrical compcnents are vulnerabie to damage from
high lemidity. Solid-state circuitry is sensitive to excessive heat. Exposure to cold may destroy com-
ponents of diagnostic instnmments or defibrillators. Sand or other airbomne pollution has a most delete-
rious effect upon equipment.

A lsrge health care center has wnique demands for maintenance expertise, depending upon the services
it offers. Neurvsurgery and cardiac surgery involye complex support equipment and diagnostic instruments.
The postoperative monitoring array alone may well equal the total volume of instrumentation of a small
institution. Automated analysis and other laboratory equipment have diverse maintenance and servicing
needs.

In large hospitals there are many coeplex diagnostic systems where technical expertise is mandatory
to effect compatible and safe application to the patient. If computer data-handling services are pro-
vided, they 1-ill require maintenance staff in addition to the technically trained personnel who process
the data.

At the larger health care centers there is usually a requirement for training of medical, paramedi-
cal, and technical personnel and some allocation of biomedical staff must be made, At this level also,
there may be 2 need for professional or technical engineering staff to participate in plaming and design,
research and development, procurement recommendations, and inspection of new equipment.

The consequence of equiprmt failure must be considered in assessment of technical service require-
ments. Will a delay in restoring it to service endanger life-support systems or even slow up treatment
procedures and extend the bed-care pericd to an overload condition? [f so, in-house technical staff or
quick access tc external help must be itemized as a bioengineering service demand.
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The quality of public utilities and other services wi'l affect maintenance needs. If the line vol-
tage of the power system varies beyond normal limits, it will degrade the performance of instrumentaticn
and perhaps lead to its failure. Failures or impurities in the water supply will increase the incidence
of equipment breakdown.

Table 3. 3iomedical instrumentation services in health care instirtutions.

Type of Institutiocn Mass
Screening Large
Onit or Rural : Urbac Medacal
Servicas Clivuie Hospital FRospital Centar
Mumber of beds nane < 100 220-%0C $00-1000
Purchase evaluation X

Incoming inspection X

In-house maintenance
and repair servics

Safely Iinspection

)

M oM MM M

X
Emergency repair x X
Instrument calibration X X
Preventi7e saintenance X 4 X
Equipment user ingtruction X X X

Tsble 3 provides a schedule of biocengineering services usually associated with varicus types of
health care institutions. In ail cases there is a need for some sort of preventive mintenance anc basic
technical instruction on the use of instmmentation. The mass screening wnit or clinic °s primarily a
diagnostic center and has m additional demand for instrument cilivration service. The consequence of
failure generally does not require a staff allocation for emergency repair, unless the unit is large.

On the other hand, to 2 rural hospital some sort of emergency repair facility is much more vital
than instrument calibration. Neither type of institution is likely © need in-house staff specifically
for maintenance axd repair or safety inspection. This should not suggest that these areas are t.tally
neglected. In small hospitals the medical, paramedical, and mursing staff traditionally accept soms re-
sponsibility for the maintensnce and safe use of their instnmentation.

Manty urban hospitals have some sort of inspection service for new equipment or instruments and the
larger umniversity teaching hospitals usually drav upan biocengineering services in the purchase of medical
equipment. .
Table 3 represents the in-house services in health care institutions. It will be appareant that
same essential services are rut shown. In a natimnal or state medicai system, these services are provided
through a central agency, which in this context is represented by the large medical center category. In
the anta.amous system, the smailer institutions may have associations with larger centers or may hire
tedmoliogical and technical services on a fee basis when necessary.

C. WHAT [S THE BEST MAINTENANCE SERVICE PoLICY?
The dependence of modern health care upon techmology in diagnosis of disease, therapeutic procedures,

and monitoring of the critically ill makes th: maintenance and repair of medical instrumentation a vital
necessity. Inevitably, equipment will need maintenance or repair and medical institutions at all levels

T
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must consider the establishoent of a service structure for this purpose. It msy be an "a:doskeietm" (4
an "exoskeletan,” but if it is not provided, effective patient care will collapse.

The determination of a maintenance service policy msst take into account the restraints imposed by
sociceconomic factors, geographic limitations, the environment, the level of medical practice, the avail- '
able techr: ogy, and even political consideratioms.

As previously stated, health czre authorities often fail to recognize that the economic aspects of
hospital equipment maintenance are linked to essential managerial concepts. There is frequently no ac-
ceptance of the fact chat it msy cost more to maintain equipment than to buy it, and that such contimuing
expenditures mist be considered as part of the total imvestment. The additional costs incurred at break-
down because of disruption of normal procedures and possible damage to other facilities must also be con-
sidered. In economic terms, poor maintenance will lead eventrially and inevitably to a waste of the
health systea's assets.

Any effective progran for management of medical instnmentation must be based cn a realistic ap-
praisal of its cost snd available financial resources. It will be limited by its financial support and
therefore must eliminate aress of endeavor that are out of economic reach.

If a health care authority chooses to establish its own service agency, it should examine the ccsts
of staff, training, testing, -and repair facilities, spare parts inventory, «nd the maintensnce plant it-
self. It should then campare these costs with those incurred in hiring commercial services plus dispatch-
ing defective equipmeat for repair. It wmay be practical to utilize the maintenance services of govern-
ment departments, vesearch laboratories, or uni;rersitis, but the consequence of inadequate repair or ex-
cessive delay must be considered in deciding on such an alternative.

The effectiveness of maintenance and repair may be influenced by accessibility, assessed in terms of
time rather than distance. It may be quite feasible to provide effective service at a remote .ocatiom if
transportation is fast and available. In today's world, distance no longer imposes an insurmountable
barrier, while speed of execution becomes increasingly more impurtant. This concept goes beyond national
boundaries. It may be more satisfactory in some instances to ship equipment sbroad than to attempt to
provide home facilities for its repair. This is particularly so for developing comntries where priorities
msst be assigned to domestic development., The administraztion, however, must ensure that provision is made
for prompt dispatch to minimize the out-of-service period.

A comprehensive maintenance and repair policy may include both in-house and contracted services. It
is realistic to use the latter where available and concentrate the in-house facilities for services that
are less accessible in the region. The Western Regional Hospital Board in Glasgow, Scotland, operates a
highly competent Department of Clinical Physics and Bio-Engineering with extensive facilities. Its Direc- \
tor strongly supports the contracted services concept an the basis that it often provides better service
for less cost.

In developing cowntries, commercial or other outside facilities are more limited. The greatest
likelihood of such help is in X-ray techmology. Manufacturers' representatives offer maintenance and te-
pair services and usually will cooperate with a health care system in plamning a program to serve its
needs. Other major suppliers of biomedical equipment msy not have regional agents but generally they are
sympathetic to the maintenance and repair problems of the user and can give constructive advice on routine
servicing and maintenance manuals and recoomendations on the quantity and mumber of spare parts required
in normal renair procedures. The recommendation simply expressed is “do not compete with outside services,
collaborate with them”.

It is an almost inevitable conclusiun that same in-house tecimical maintenance and repair staff will
be required. It should not be associated with the routine plant maintenance services. Such an associas-
tion has been attempiod by many hospitals but is seldom successful. I£ the institution or system is large,
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2 bioengineering service should be organized as an atonomcus department. It is best located at a large
medical center so that 1T maintains contact with clinical programs. I£ it serves a system uf other in-
stitutions, the zutonomous structure is essential t. ensure equitable service to all.

The central service agency concept works very well if provision is made for prampt response to the
needs of the more remote parts of the system. It may be supplemented by institutional or regional repre-
sentatives whose .unction is to provide routine preventive maintenance and minor repairs. A hospital of
100 beds will have 2 minimm of 30 items of biomedical equipment. The average time required for service
of each item is about 10 hours per year. Thus, this activity will ocampy about half of one tecmician's
time. The balance can be profitably spent in assistance to or training of equipment cperators, mainten-
sace of spares, institution of safety measures, up-dating of his own training, and other activities. By
comparison, if each of the equipments was sent to the manufacturer or an agent for service, the cost at
curreat rates would be about $20,000 (U.S.) ver year. Even if availabie, such services would not cover
al! the activities essential to the effective operation of a biomedical maintenance and repair program.

A national health care authority should consider estahlishing 2 pilot plant nrototype at a large
center. It could become the nucleus of a bivengineering service or %2 a model for national or regimal
development. A national institute would demonstrate official recognition of the problem and would serve
as a focal point for the development of technical and professional bioengineering expertise.

The development of a maintenance and repair facility should be linked with the plarming of new
health care centers. When the }‘alaysian Ministry of Health planned its superb University Hospital in
Kuala Lwpur it instituted a program of training for paramedical staff that resulted in a capability that
is quite evident now that the hospital is in operation. The role of a central muical engineering agency
in technical training should not be overlooked. In an area where there is little or no research or ir.jus-
trial activity in bioengireerirg, there is no other tase from which to draw =xpertise.

The health care authority, in planning the facility best suited to iis nitional, regional, or insti-
tutional needs, should consider possible adjuncts to a maintenance and repair operation. The bicengineer-
ing center might proviie an instrument pool to serve transient hospital needs and allocate the disposal
of older equipment - for staff training, research use, rebuilding, or dismantling. A pool of laboratory
services could answer the needs of many institutions.

Finally, it sust be repeated that no biomedizal equipment maintenance service program will be ef-
fective if the need for funds, staff, facilities, and transport are not pruvided, if the program is tied
to general maintenance services, and if the organization is not given sufficient autonomy to implement
the program.
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AD HOC EXPERT GROUP MEETIVG OY BIOMEDICAL EQUIPMENT

Addreecses of participants

1« Dr. Jacob Tarasantchi
Profesor titular
Eacola Paulista De Medicina

Zua Botucato 862 - 5.9 Andar

Cep 04023 - Caixa Postal 20.393

V. Clementino - S. Paulo

Brasil Tel. 70-9181 - Ramal 160

2, ¥r, J.A. Hopps, D.Sc.
Head Medicai Engineering Section
NRCC
Secratary General Internatinnal
Feaeration for Medical and Biological

Engineering
National Research Council of Canada 11x. 053-4134
Ottawa, Canada K14 NR8 © Tel. (613) 993-9287

3. Prof. Dr. Adnan Sckollu
fesearch Director
Marmara Scientific and Industrial
lesearch Institute

P.0. Box 141
Kadik3y - Istanbul, Turkey Tix, 33793 MAE TR

4. Prof. Dr. Ing. U. Faust
Universitdt Stuttgart
Geschaftsfilhrander Direktor
Institut fiir Biomedizinische Technik

P.0. Box 560
Seidenstrasse 36
D-7000 Stuttgart 1 FRG Tlx. 4df 721703 UNIS D

5. Mr. fivind Lorentsen, M.Sc.Mech.Eng.
Central Institute for Indu_.rial Aesearch
Forskningsveien 1, Blindern

ro
N
\N()

Oslo 3, Torway Tel. O 5880
6. Mr. Vindor Richter, M.S.E.E.

Director

Medicor Works

ntgen =, 11-13 Tel. 20 20 72

H-1035 RBudapest, Hungary Tlx. 22-5051 medic h

. DJr. Y, ¥ohan Mural:
Professor of 3iomedical Enginesring
c/o Department of Electronics and
Communicating Enginearing, College of

EZngineering
Osmonia University
Hyderabad 5C0COT A.P. Tel, Ticeen

Ind:a
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Dr. A.X. Sallam, Chairman
Arab Do. for Drugs irndustries ani
¥edical Appl.ances

9, Emal E1-Din Street
P.0. Box 2547 {Attaba)
Cairo, Egypt A.R.E,

Mr. Guiterrez Vidal
Institute Mexicano del
Seguro Social

sJefatura de los Servicios
de abastecimiento

Reforma 476-6.° pisc
Mexico, D.F.

Mr. R. Rogers, Head of Electrical
BEngineering Group, Scientific and Techaical
Branch

Department of Healtl and Social Security

14 Russel Square
London WC1B SEP
Great Britain

Dr. Abdel Moniem Khazbak
Luairman

Goumhouria Co. $r Trading
Medicines, Chemicals and
Medical Appliances

Sawah St. Amira Cairo

Dr. Garrido Pinson
Sintesis Quimica S.A.
Gernete General

Ave, del Ejército 490

Miraflores,
Lima, Peru

Univ,.-Prof, Dipl.-Ing.

Dr. techn, 3tefan Schuy

Vorstand des Institumsa fiir

Elektro- und 3iomedizinische Technik
Technische Universitit

Inffeldgasse 18
A-8010 Graz

Dipl.-Ing. Dr. techn,

Vorbert Leitged

Universititsassistent

Institut fiir Elektro- und 3iomedizinische
Technik

Technische Universitat

nffeldsasse 18
A-2C1C iraz, Austria

Tel. 335533
Tlx. 32785 ACOIIM 0¥

Tel. 528-77-77, 514-57-35

Tel. 01-6£36-6811 BEx 3537

Tel. 871142
Cable Address Gomac

Tel. (C376) 77 5 11/73 %0

Tel. (G316) 77 5 11/73 34
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ACTION TC BE TAKEM BY EXPERTS

(Information to reach U¥IDO, Vienna,by January 10, 1980)
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(% - 1 page)
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Prozosal ©ty the Intermational Federation for Medical and Biclogical
Ingneering *o IINIDC - submitted by Mr.J.A.ZC>PE.

The Federation welcomes the acticn of UNIDC irn reviewing
the oroblems and possibilities of implementati:n of technology
in the delivery of health care. Such action comclements the programme

of the IFMBE committee on Aid for Developing Countries.

The IFMBE has conducted 2 survey of biomedical engineering
in South East Asia (1971) and has par‘icipated in the International
Biomedical Engineering Workshop Series, for vhich it organised
the first vorkshop - Biomedical Ecuipment Maintenance Service
Programmes (1972).

As a follow up to these activities the IFVMBE has explored
various possibilities to contribute to the advancement of medical
engineering in developing ccuntries. We ncow propose to TNIDC that
e conduct a workshop in a developing region, to inform health
care administrators of the need for and advantage of professicral
and technical biocengineering services and to giwve instruction on

the benefits of instrumentation management.

To further the documentation needs of UNIDC, e are also
srepared to conduct a survey among our member couniries and
contacts in developing regions, to enguire about zresent
esuipment management programmes, estimated costs, industrial
rcmmitment, instrumentation priority needs and specific problems
in implementing technology in health care. 3Both enterprises

~ould be undertaken on a contractual basis.
At an aprropriate time, the Tederation is precered <o

submit a detailed proposal for conducting the survey and for the

~orkzho=.
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