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!N'ffiCDUCT!CN 

Delivery of modern health care depends to an ever-increasing 

extent upon the proper distribution and utilisation of 

bi.omedical equipment. '!he latter extends from simple mechanical 

devices to b~ found in every place where health care is administered 

to very complicated and expensive mechanical, electrom~chanical and 

electronic equi ;ment sui. table for installation O?L.y in the most 

sophisticated hospi 1.al environme?lts. An underrianding of the nature 

of biomedical equ:ipnent and the problems which it presents is 

therefore as equall~ applicable to primary health care in rudimentary 

hea.l th cent· 4S as to large university teaching hospitals. An 

acceptance of equipment involving such a broad range of science and 

engineering in its design and construction briJl88 loi. th it the 

need to recognise the re~rement for ade~tely trained technologists 

to ensure equipment i~ always in a condition fit for its purpose. 

Unless such technologists. a.re available in ade~te number:'! and 

are satisfactorily trained and organised to apply their rare 

slcills in the most efficient ma:mer, the full potential of 

biomedical equipment l>'i.ll never be realised. 

According to available surveys, there are 10, OCO hospi ta.ls 

in developing countries Yi th two mi.lEon beds and 6 to 8 billion USS' s 

y,orth of bio-medical equipment. In some countries, up to 6<JI, 
of available biomedical equipment is not being used. 'the 

overriding cause of this situation has been identified as the 

lack of repair and maintenance even where bredcdo•,11 has arisen from 

simple, easily rectifiJ.ble causes. Against a requirement of about 

30, CCC maintenance and service personnel, there are only 2 to 3 

tholl.'land available. Hot-rever, other important factors affecting 

the situation have been the purchase of equipment too sophisticateu 

for its use or of ?OOr design and installation of so?histicated 

e~ ;iment in places ·--here tecimi cal adVi ce on its a.se has been 

absent. Such a situation is 1.mdoubtedly complicated by the fac~ 

that :noz~ e".'."'.ii:;:iment is imported !rem suppliers unable to ;irovid.e 

an ade~te maintenance and re~ir service. 

_J 
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'!his report concentrates on the major problems facing 

develo?f.ng countries in integrating bion:edical equj.:;:ment into their 

heal th ca.re system. The ad~_ce is unavoidably general since 

specific advice is impossible 'tri. thou~ detailed knowledge of the 

organisation of health care in a particular country, its particular 

needs and its industrial and educational infrastructure. 

Reconmendations are made as to how thi3 general advice could 

be particularised for individual countries or areas of the ·..rorld. 

'Ibe report recognises an ove?")lbelming need for any developing 

country to produce a plan for biomedical equipment management. 

'lhe latter must include arc.il~bili ty of information on the range of 

manufa~turers from whom equipmPnt can be obl.ained and advice on the 

6Ui. tabili ty of such e~pment for various clinical purposes and 

environments. Guidance on the type of equipment best suited to 

each environment ":here heal th care is delivered is essential. 

An adec:uate p-..t:·~ing procedure based on contract condi °'ions 

wbi~h include compliance .lzith technical standards and the provision 

of training for. heal th technologists w:i.11 be important. However, 

by far the most :i.mportant aspect of equipment management must 

be the training of an adequate number of technical personnel for 

the 1·~pa.ir and maintenance of biomedical equipment. 

Many of the problems of devalcping countries can be rela.ted 

to th" extent to #lhich equipment is imported. 'Ibis will be pertinent 

not only to mai~tenance and re:;iair but also may, of itself, limit 

the am.;,,..mt of biomedical equi tment available if, a.s is co11111on, 

forei~ curnncy is scarce. '.nth no subt·tantial manufact".U'ing 

facilities, developing countries tend to lack the infrastnicture 

f'or trainirig biomedical engineers and for providing job 

Q"!)portunities; detailed lcnowledge of the design of the equi;iment 

•.-iii ch they use will be linti. ted. '!his report recognises the need, 

identiiied ·oy the 1975 Lima Declaration, for a greater mar.ufactUl'ing 

ca';)8.bility in develo?ing ccur.tries. If the present circumstances 

continue, the a.im that developing countries should achieve a. 25;~ 

J 



- 3 

share of industrial outpu-t by the year 2000 will not be achieved. 

Wi. thout detailed knowledge of the industcy, ca.pa.bili ties 

a.nd needs of any individual countcy, no specific advice on the 

ecui ?ment most suitable for manufacture can ::ie given in this 

:.-eport. Such advice, through the offices of UNIDO, must awa.i t 

s~cific detailed surveys and industrial profiJ.es of couut.ries 

or a.reas of the l'Orld and adequate feasibility s-tudies. Ho~:ever, 

this report considers some of the most important general factors 

and lists only as examples, t.1ose simple devices which might be 

cons:.dered for manufacture a.ni some equitJDent kiri.ch might be 

suitable for assembly. 

'lhe report finally recognises the need for a continuing 

dialogue and exchange ~f information and expertise among the 

developing countries and the developed countries and wlcomes 

the initiative undertakeL by tlNIDO. In so .;aying, it shou1.d be 

recogni.3ed that a number .of daveloping countries already have a 

substantial biomed'i_ ca.l :nanu:facturing industcy ~i.-··lJ. ·..iell or~a.nised 

e~pment management prot:Tammes and training schemes. 'lhei.r 

experience is just as valuable as that of developed countries. 

J 



Organisation of the Meeting 

The meeting, tdlich took place at tl!fIDO .Head.quarters in Vieima, 

Austria from 10 - 14 December 1979, was opened by Dr.A..Tcheknavorian-As~bauer, 

Chief, ?ha~ceuti cal Industrt es Unit, tIBil)Q. 

Xrs.Tcheknavorian emphasised the importanr.e of biomedical 

equipment in the ~eral Heal th Care System and stated that one 

of the main aims of th-a meeting was to wrk out a programie 

to help developing cotmtriea in this field. Amongst ~he 

problems faced by the latter &re the lade Of Jcnovle~ Of proper 

lllLintenance of bioMdie&l equipment az:d the pauci 't7 of inf'or•:tion 

about the different sources of supply of equipment. She • 
stated that tllIDO wuld like to develop local production of 

bi omedi c-a.l eaui pment and in this connection, invited ~he ad.vi. ce of 

the participants. She also requested the participants to identify 

those instraments which were considered essential and pre:p&re 

a "List of Essential. Biomedical Inatl'QJNJlts" both from the 

heal th c&re and industrial points of view. Such a list should 

include the equi paaent wbi. ch should be produced as a first 

priority and which would not be too sophisticated to be prgduced 

in developing c0tmtri es. 

Adoption of the yenda 

'!he.agenda \BS adopted subject to revisior to keep it 

flexible. 

PreC'is of the M"eting 

14 experts from Europe (BRD, ?lonay, Hungary, Austria,U.I.and Tarkey), 

North America (C.anada), from Latin .1merica (Brazil, Mexico, Peru), 

from Asia (India) and from Africa took part in the meeting. They 

eacl. g'i.Ve a description of the actual status of biomedical equipment 

in their countr;r. 

I 
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:;qui ;:ment management is the key to the effective use of 

technology in health care. Many probluns have resulted from Cl. 

failure to recognise all the aspects of management of 

instrumentation and the commit:nents that they require. 

'fthat is meant by equi prnent management? In a comprehensive 

report "Biomedical Equipment Maintenance Service Programmes"* 

the Jift'erent aspects of mam.geJl!ellt of equipment are defined. 

'!be pf\-ges in question are azmexed to this report and are summarised 

below. 

In reviering the different aspects of equipment management 

the importance of c:'.ose liaison between the clinical personnel and 

the technical staff must be considered. '!his close liaison should 

start when the problem in quest:ion is to be defi?led. 

A. Selection: 

- identification and appreciation of the need; 

- lcnowlP.d89 of ~t is availa~le on the market; 

dete:-..ri.nation of the appropriate equipnent for suiting the needs; 

- evaluation of eq:uip!llent; 

compatibility 'With other equi~t; 

environm\!?ltal recruj,rements. 

B • ?ro curement : 

compliance wi. th the requirements; 

ava.ilabili ty of !:lervice and r.aintenance; 

- availability cf accessories, spare parts :and consumables; 

provision of service manual; 

?t"Ovision of operation manual; 

stability of the supplier; 

price ar.d availabi:ity of the e~;xnent; 

·,arranty. 

• 3ee Ar.nex _ • I 
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C. Insuection: 

- initial inspection; 

- accepta11ce testing; 

provision of specified components, instructii:ins etc. 

D. !llll)lementation: 

:;ireparation for use; 

staff training; 

safety considerations. 

E. Follow U-0: 

p:roeventive maintenance (periodic inspection); 

evaluation of the use. 

F. Repair. 

To perform all the above mennoned topics +here is an ur~t 

need for an appropriately. organised ma:ia.gement system. Many modes 

for L:plementation of equipment mana.gemer.t programmes are described 

in the above mentioned report, the range from :irovi.sion of' 

elementary technical staff to professional biomedical e:igi.neers or 

medical physics' personnel. '!he appropriate system must fit the 

uni~ requirements of the local heal th systems. 

'Ihe provision of technical and professional staff for 

nanagement of equi -;:D~~t must be incl u.ded in the financial 

commitment for technologr in heal th care. 

l 

J 



L 

- 7 -

:r. Training ,,f biomedit:al engineering personnel at various levels 
in deve1.o'Ji.ng countries 

?or the sustenance Q.lld success of a.n:y programne in the 

s?f!cialised area cf biomedical engineering, be :. t mai=tenance, 

production, development or research, there is a continuous need 

for ademiate training facilities and trained personnel a~ '7'&ri.ous 

levels. .d.s this is very ma.ch lacking .~!1 developing countries .mi.ch 

is one of' the main causes of the existing technologicai gap, the 

following training prograumes are therefore recommt.~C.ed: 

Training orogramnes: 

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

training basic technicians in taking care of preventive maintenance, 

dP.tection and repair of faults and in carrying out periodical 

servicing of biomedical equi~ent such as X-ray equi?JM!nt, 

electromedical equi.J;111ent, biomechanical and rehabilitation 

ecui!=fDen't and technical a.ids for the handicapped etc. depending 

on the particular need of the developing country. The programme 

rray C'Ome under the category cf vocational or industrial training 

as in existence in levelopi:i.g countries. 

b) Clinical engi.n~ - the clinical engineer ·.iould ...ave the overall 

responsibility of biomedical e~neer- J16 problems in a hospital/ 

heal th care unit such as planning, organising, supervising, guiding 

all maintenance ~rk and servicing procedures. His training wi 11 

i~cluded the following: 

i) technical knowledge of all biomedical equipment used in health 

C'are delivery/hospitals; 

ii) pre!i&ration of maintenance schedules and guidance of technicians 

'."Or!cing i.mder him; 

iii) safety precautions and their implementation; 

iv) to rec-onmend appropriate ty-pe of e~;lment to·-ards its purchase, 

:ts e~.raluation and proper installation; 

v) to C"onduct regular continu0u.s t:::-aining to thfl staff; 

.r_) to lead the clinical en~_neering de::artment and mainta~n 

!.~aison ··~th th~ medical sta!!; 

I 
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vii) to collaborate and to supply information to the biomedical 

industry; 

viii) to ··'Ork as a. team ~.n. th medical doctors in operating theatres 

and others in medical assessment. 

'lb1;. '.evel at ·-'hi.ch this programme is to be conducted would 

de)'.>e?ld upon the educational system existing in the concerned country. 

c) Biomeiical engi~eer.:1 - these will be at a level of training 

persor:oel in the area of research, development, design and teaching. 

Such trained personnel are needed to malce the developing countries 

self-sufficient in technical lcnrw how, to develop and generate 

their own teaching skills, initiate research and development 

activities of use to the biomedical industry and medical research. 

'!be priori. ties to be given to the above progranmes de~d 

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 second 

programme of cli.aical engineering. In some countries, all three 

~rogra.mmes may be needed simultaneously as they maJ: be involved 

not only in maintenance of biomedical equipment, but also in the 

indigenous production of biomedical equipment, research a?Jd 

developmen·t a.cti vi tics. 

It is also necessary f~r developing countries to establist 

rapport amongst themselves through UNIDO for exchange of inf·.Jrma.tion 

on training progranmes, technical lcno~: how etc. 

J 
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III. PRODUCTION 

'!he production of biomedical equipment in developing 

countries sh'luld be encouraged. The size and demand of the market 

should be taken into consideration together with the 

e:tisting industrial infrastructure and the indus"trial and heal th 

policy of the country. One has to take into consideration that the 

yearly import of biomedical equipment into the developing countries 

is about USS 500 million which is still growing (taking into 

consideration the depreciation of the existing equipment and the 

development of the health care in the countries this figure is not 

overestimated at all). Feasibility studies sho-tld be carried out 

in individual countries as well as in different areas such as 

·the Andean and Arab regions. Attention should be drawn to the needs 

of instrument and equipment design for special use in developing 

countries (e.g. small portable sterilisers and re!rigerators for 

vaccine). '!he equipment must be designed to meet the 

local environmental and other conditions. 

UNIDO may help in :;irovid: ng the ::'lecessacy e:rpertise and 

technology. This ;;ould lead to the establishment of the local 

pot~tial of the design and production of biomedical equipment. 

In this matter, the collaboration between the developing and 

developed countries and bet~reen the developing countries (TCDC) 

can be very useful. 

Examples of biomedical eC'Ui:;iment ;•hich sh0uld be considered 

as appropriate to be manufactured in developing countries are the 

:'o 1 lo~·'ing: 

3eds; 

surgir.al instruments; 

injection needles; 

~perating tables; 

·--ashers; 

boilers; 

steri 1i sers; 

··-ater baths; 

"thermometer::;; J 
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plaster ban2ges; 

tissue adhesives; 

glass~·:are; 

disposables; 

gloves; 

st ethos co -ces; 

sphygmo1112Dometers; 

spirometers; 

balances: 

laboratory centrifuges; 

ophtalmoscopes; 

colorimeters; 

- 10 -

technical aids for the handicapped; 

For more advanced cotmtries it ~rould be of interest by using 

:;iremanufactured perts to produce: 

electrocardiographs; 

pH meters; 

X-ray apparatus; 

1-ray films; 

photometers; 

microscopes; 

dental chairs; 

operating lamps. 

l 
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RECCMMrn'D.d TI: CYS 

'!he .!d Hoc expert group meeting recognised the importance 

of the role of biomedical equipment in the health care system and 

specified areas ·.:hi.ch should be given ~ue consideration by governmer.ts 

and international bodies in order to improve biomedical equipment 

management, training, maintenance and production. Specific 

~eco11111endations, based on the above subjects, a.re as follow~: 

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. 

'Ibis should lead to an allocation of f1.lllds within "::1e heal th 

budget for the creation of biomedical engineering departments for 

better erruipment nia.nagement, developing research and ~intenance 

,,·h:i. ch ·,i 11 lead to a bett...r and. safer use of the existing potential, 
, 

economise on foreign exchange and ra~se the standard of nealth ca.re. 

b) recommend the Ministries of Industry, in co-operation with the 

Ministries of Health, to consider the development ar.d production 

of biome;i.i cal ec:lli pment for the heal th care system in the country. 

c) urge governments to recognise and accord status to the biomedical 

engineeri~g profession .nthin the u~alth care system. 

2. EC'"Uioment Managemen~:ajthe group requests governments to ta~e into 

cor.sideration the guidelines and to act accordingly, in order to 

ensure proper selection, procurement and utilisation of bio~edi~al 

ecui~ment. I~ order to implement the above guidelines, :JNI!lC or any 

other ra?able interrational organisatior., could off~r assistance 

U?On re-;u.est. 

b) in this connection, it il: recormiend.ed that UNIDO, r.n co--o?eraticn 

··-!.th the Interna.ticna.:i. ?edera.tion for Medical a.r.d 3i Jlogical iligineer:.ng, 

:irgani::::e '.·"'.lrk:shoc~ on the :na.nagement 'J!° biamed.ical e-:-ui~rr.ent, i.:'l ')!"'der 

to assist the go-.,e~me!'lts of devebping countries in t~.1s a::-ea.. 

I 
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Trainirur:/Maintenance:a)the grou;> recommends that UNIDO, in 

co-operation ·,"it'". the International Federation for !t!edical and 

Biolvgical Engineering, conduct a survey on existing :na.intenance 

fa~ilities and training possibilities at national, sub-regional 

and regional levels. 

b) UNIDO, in co-operation ;~th governments, ·.-rill establish centre(s) 

for training, maintenance, repair and research at different levels. 

~e~e could also be considered at national, sub-regional and regional 

levels. 

4. Production: 

a) the group recommends that a survey be carried out by UNIDO on 

the available production capacities in developing ~ountries and to 

identify the potential of different developing countries, their 

infrastructure ·..ihich is available in this special field. 

b) based on the above, UNIDC should develop programmes for 

improving the i:ruality of locally produced biomedical equipment by 

transferring appropria.te technology to expand and create new 

facilities to produce biomedical equip~ent, as listed under 

chapter III. 

<"') in this connection, UNI:OO, in co-operation with national ant'l 

international organisations, institutions and manufacturers, could 

make available technology, expertise, ~esign and layout for the 

establishment of such facilities. 

d) UNIDO, in co-operation t·:i th WHO, $hould ini tia.te the development 

of special ecui.~mer.t needed by the developing countries for their 

health ca.re programmes and to establish facilities for production. 

J 
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?· General Recommendations: 

a) the group recognised that existing expertise in different 

areas of biomedical engineering, such as equipment 

management, training, maintenance and produc~i on in some de·relopi.ng 

countries could be transferred to oth~r developing countries on 

appropriate terms. UNIDO is therefore re'-'-uested to act as a catalyst 

for the establishment of such a prog!"aDlll!e -,f co-operation bet~en 

developing countries for the implementation of the above recotmiencia.tions .• 

b) in order to promote the idea of technical co-operation amongst 

developing countries, UNIDO should organise an exchange of 

infor::iation through personal contacts, seminars bet~~en policy makers 

and technical experts in order to establish a dialogue between them 

and a better 1.lllderstandir.g. 

J 
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J.nnue I 

Rept"in:ted from the report of the Fi:-st In:ternational Biomedical Engineeri~ 
Workshop Series: ''Eioaieciical !Xiuipment li'.a.intena:ice Service Prog:-acs" published 
by the American Institute of Biological Sciences. For further detail•, write 
to the Secretari.a.t, In'ternat::mal Federatio:::i for Medical a.:ld Biological Engineering, 
c/o 1'ational aesea.rch Council of Can•da, Ottawa., Ca.na.cia. X1A ORB 

'Ihe choice of the conect equipnent to satisfy a specific clinical need affects the speed ml effi­

ciency of the desired !Rdi.c:al service. Its proper selecticn is the firn sup in m effecti~ equi~ 

mintrm proa1aa. cxi sbauld be mde with lftU an. Too often the .bmpital admini.st:nticn is depen­

dent 1¥Jll tbe literatun or prcmJticn offered br MllUfactunn or their iqems. Tedm:ic:al l'lidmce allmt 

innrllbly lads to am ~llipnt deumintticn. 'Ibis functian is in &ct c:ne of the mre iepoztmt 
c:mtnbut:icas that cm be p?UYided by a medical ~ service, 111betber in-bause ar extema1 to the 

. institution. 'Ihe mdic:al eqineer cm ml should evaluate the desipl quail~ of the imummt.aticn. its 

IDde of operat:fon and petformnc:e, Ind, above all, its probable main'temlnat d-mk. 

Ccmd.~ to a maintenance md repair policy beliDs fmn the .-tt of purchase. 'Ihe initial ill­

ftStlmlt in equipisent my be a.ich mller thm tbe c:ost of its •intemna. n..s a relatiwly -11 so­
ma in the purchase of a less apensive insnumimt may result ill m inc:rased cn~t of bepina it in apera­

ti.an. 1his is aue in otbr.' &?US of endeavor, but i.D the deli~ of health care tbe cmsequmce of 

failure makes it a amdatoty amcept. 

If qaalitv is the tint amideratim in purchase of eqiripaent, availability of parts ar service mst 

ar.e a close seamd.. The mst sqlhi..stic:a'ted ~ is of linle use if it cmnot be winta1necf or re­

peired vithmt delay. 'Ihe wise purchaser will exwine tbe semce policy of tbe seller, the adrisability 

of tuyini reacaable spares, the ..::cessibility of the instnmnt for servic::ina. the milltlmma dua pro­

rided by tbP. ~. md the local availability of parts, service &cilities, md expertise. SiDcl 

all these desirable features an seldaa available, me·tuyu shmld seek to aptilti.%e his choice. 

Stmdardi:atial. is m ~..nt c:ancept ill the selecticn of imtl"wntatian. btbn' it be within 

m insti'tlJtian ar a widespread system. the amistent use of pTOV9l1 .Us of equipmmt reduces tt.. vol.me 

of spares that mst be stoaed mr:l the mmtier of mail.tenmce md n!p&ir p-roc:e41res that mst be under..ake!l. 

It also SU'eD.JthenS the barpiDins power of the heal.th can system :iJl de•linl with the mmfactu:rer in 

purchase or repair ccntrac:ts. 
Cclllpatibillty of new item vit!l exis't:inl flCIUi-s:mnt is essential. ID IDietn clinical prada, in­

SU1.lllrllt.s are often i.n-..ep-ate-i into a di.apstic ar thenpeutic: sysum. n. buyer who ~ to ;iurcbase 
· vithalt tedmic:al ilJidmc:e uy ~11 end up Wl.th m 'mph&' that will not .fit into the systcn faily. 

~atibility of ;iawr sources will ~ of sreuar i.llpartm:e in the dnelopina trend toward bat­

tery-powered instNDent.s. Nat anly will it be necasa:ry to sundardi:e an the types of batteries used in 

ordr:r to reduce invent.OT)', but the in~tnmt for recharzinl facilities may be decreased. Standardi:atian 

of power a:mec:to1"S Ind other hrc:b•ue will J effect m eccmaay md amttibute to safe"tY. 

Closely assod.ated with c:anpatibillty is .. .rsatiUcy. A patient-manitorin& imnunent with p~sicn 

for extemal display or .Jltei"Chan&eable :iznc:...icma:. modules is more useful than a siniile purpose ~pmm~. 

Additional c:lmlnels an be added as the need uises. The mcdule c:aiapt also f~ilitat..es repl&alll'!nt or 

rwpair. 

J 
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'Ibe nen c:rnsideraticn llUSt be the suitability of equipment far the intended use, far the enviran­

mmt, llld far k':al OJSttm. 'Thus m equ:ipmnt cch artaates mmy functicns that an be cbie safely md 

in m .a:epuble tim .,. .. ny my not be advm~ in an eanc:.t 'lllheTe labor is plentiful md inex-, 

pmsi'ft. Similarly, an iDst:rwmit desipd for laboratory research ay r:.o.~ be ap:>rapriate for clinical 

use mi equiimmt desipd far a ~rate climate '1&Y' bnak dawn when smje..~ to the hip temperanire 

md bmiclity of tropical rep.ens. 
~ the other hand, there are occasians 'When the buyer my seek equ:ii-stt that recb:es the deci.sicm­

alr:::ina dmmds by the user in order to obtain the m:iDPI utilizaticn vi.th the w'ini•• expertise. In such 

instances be mst acar. the hipr technology inherent in the aesip of sud! iDstnllmts. In a sense, he 

II.I.St tnde-aff !Rdical for tedmial expertise md -t wip the cast af this "'-1 he makes the purchase. 

~ratimal costs _, be a significm.t factor in selectina equipmt. Does the iDstnmm cansume 
aassive palM1'? . Does it nquire expensiw ~ pmper! Does it need cmditi.an:iDa of the earircnlmt far 

its dependmble operatim? Will it req-.zire extensive staff trainiJ!c for aperati.cn or mintrm? 

1he prcbable period of use beforv obsol~ of either the equii-m or the clinical nnd shmld 
be a:mi.dered. Solid state electradcs (tnnsistors, printed me iJltesnted d.rmits) revoluticnized the 

lesiF of mst electzcwdical ins~ts in a few short years. In__,. insuaas its :iJlpra....d perfor­

...:e, reduced size md power dmlnds, md longer aperatimal life :rmde1ed the prewious aeneraticn of 

eqtritm"t obsolete! Mmr ~lex system !!aw been dewlcped far •rtr.mtlld dlemic:al malysis at a ireat 

sarinc of time md effort. HaMmtr, Scm! of thf! raut:ine tests are now beiJ11 n!plxed as diapostic needs 

chmae· A ~lete aeaentim of this eqa~ _,.be obsolete vi.thin the next 5 years. <JJsolescmce 

cmxJt be predicted vi.th certainty but there are :indicators i'1 tedmoloar md clinical pnctice that need 

to be rud in deteminiD& inst:NleDUtian requinmllts. 

We~ DOif add a note of c:aacem abaut safety in medic:al instrmmtaticn. ~ insUments are in­

tnnsically safe "'-1 their interface vi.th ·the patient is at the body surface. Hollner we are bea:miJ11 
~tted to mre .-! mre ~c or therapeutic proceclJres wch iJmde the inner tissues of the body. 

In that Iii.lieu, the threshcld of elecaic shodt hazud u md1 mre aiti.cal. *1r 5Uety stmdards now 

call for classificatian of elecumedial insm.mitatian into catepia acamlina to the bazud ISsod. -

at9d vi.th its ase. These rtandan\s spec::L.ly safe dlsip features llld desipte acarptlble liaits for fJIUl.t 

mrrmts. ~limce with such speci.ficatians sbmld be m innriable cmliti.an af purcbae of patient 

can~~-

'these are the cardiDal auidalines far the selectim af medical :imt:nmntati.c:a. 'n.y shauld be aip­

plied, an possible, to the -=ceptmce af daaated «Jdpwnt. Gifts of -.u.;min mcl ins~ pose 

ft?Y s:pec:ial prcblcm in a health care systm. n.y _, creue operaticml md maintenance expenditures 

far iD excess of their initial cost md in nery case will nquire sma c:mtiDIJed outlay by the recipient. 

The lllbarrasSllleDt involved ~ specifyinc requirwnts for dmated ins~ _, be far less than 

that iDall'l'ed later iD uplaininc 1'ly it is out of serrice. 

1be selecticn of '4Uii-nt aJSt be follawd ~ by inspecticn an arrival. Failure to do so may in­

validate my c.laiJll acainst the ~lier and will invariably incr9ase the ..mtemnce md repa.ir burdmi. 

If this appears to be 111 lmliltely occurrenc.e, cansider what happens when equipment is ordered at the tilne 

of cansnucticn of a new facility. re uaa.Uir ram.uw .ui • ~ c-. mci.l cl» lactl.tcv u =-Pl•ted. 

1bm it is d.i.scaYered that the patient applicators an llissinl, there is no maintenmce mam&a1 or parts 

list, rodents appear to have eaten the insulation off wires, and the shii-nt has been dropped in tnnsi t. 

If the wammty is located it probably will haw apired. The work md apense of repair then cc:mnences 

befOTe the equi.pmen't ever sees suvice. r~ J.• •••.,,ti•l c.'Jec: .t.n.;.c:c;.oa be l.tnJced co -l~on •• Ch.i 

IJ.rn n.p .ui M eq1ll,_,,c: ..tnc.nenc. repa.tr 9Z09r-. 

L_ J 
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Before attemptin!l to dettmine a policy for the mintenance and repair of insmmmtaticn, the 

bnltb are mtboritr should look at'':he demmcf'S of the institution or system m bi~ senices. 

These will be dependent upon may facton and MY differ widely betMen tm-pi ta.ls or tqicm. 

Mlintenmce requirements are dictated by the momt of i.nsm.aentation and equipment. its use (md 

lbuse). ~lexity, md emri:rcnnental conditions tha't may acc:elen.tl! degradaticn or failure. 1be .a.mt 

md type of instn111en'taticn is determined in tum by the size of the health care esublisb-nt, the na­

ture of patient treatment. irldiaenous !-eal th problems , t.tie extern of dependence upon other reiimc.l fac:i.1-

i ties • Di ea::nmic liJli utians. 

Other bioensineerin& senice ,'1emands are conditional upon the sophistic:aticn of diqnostic or ther­

.,utic ~. safety c:cnsiden~ians, the extent of clinical reseat'Ch and developmmt or bcspital 

plaaUnc. -1 the need for tec!Eoloaical o:nsult.ation in the proc:ure1£1t or installati.on of ~-

'Die ~lexity .,.. . .amt ot instnaentati.on are aood indices of senice requinmnts. A mall auc­

stat:icn bcspiUl. ..., use basic equii-sit for ~. electTOCarcliogt~. spec:imm or tissue maly­

sis 1 and other relati11ely 1.llalllplic:a~ procedures. en the other hand, f!fe disease m.y be indipDOUS to 

".he relicn md ~ ' smll health ca:re institution ay then pt'OVide fairly extensive facilities for its 

diqnosis ml tTea\:P ... 11t. ~ sme areas of Southeast Asia, betelmrt chevins bas produced a bi.ah incidence 

of mJUth ancer md tbenpeurtt: X-ray equipmlt is used extensively in its treatlllm~. 

Scae instnmnts are nlatively insensir.ive to dmaae frm exterded use. X-ray equipnen~ is not. 

1be mafacturn usually pft:S ¢dance en the m ••wended clJty cycle. If it is ianared. the life of the 

X-ray tube al perhaps the hi-&fl voltage stg>ly will be foreshortened. The :C-ray trmsfotlll!r oil c:ooline 
srstm dmm1s riaorous attention in hot climates. Since ndioinPhr equipment constitutes a hiih pro­

~an of hospital instnmentatian, its extent aid use offers a Uffful index of the probable sel"Vice 

needs of the· iusututian. 

CU.ti' ex:ttws inflUt!lee sel"Vice demnds. Electrical ccmpcnents are wlnerable to damqe fraa 
hi&b lulidity. Solid-state circuitry is sensitive to excessive heat. Exposure to cold my desnoy cm­

pcmllts of diapastic instnmnts OT defibrillators. Sand or other airborne rolluticn bas a amt delete­

rious effect upon equipmnt. 
A laqe heal th care center bas mi.quit demnds for u:intenance expertise. depending upon the seTVices 

it offers. Neu?osurJeTY and cardiac ~ry invol~ cmplex support equipnent and diagr.ostic i.nsnunents. 

1be postopetativw mnitorin& array alone my well equal the total vollllle of instNDentation of a small 

institution. ~~ analysis and other labonwry equipnent have diverse maintenance and seTVicing 

needs. 

ID J.arae bcspiUls then an many cmplex diagnostic sys~ where technical expertise is manda~ 

to effect cmpatible 3rld safe application to the patient. If canpuur data-handling services are pro­

vided, they !'ill require llllintenmce staff in addition to the tec:hnic.illy trained personnel who process 

the data. 

At the lar;er health care c:enun there is usually a requirement for ttaining of medical, par.anedi­

cal, Ind technical personnel and some allocation of biomedical staff llUSt be made. At this level also, 

there may be ~. need for professic:nal or technical enpneeri.na staff to participate in planni.n& and desian, 

research and development, pl"OCUT'l!llllt rec:mamdations, and inspection of new equipment. 

The consequer.ce of equiiJl!'mt failure llUSt be considered in assessment of technical service require­

ments. Ifill a delay in restoring it to service endanpr life-support systems or even slow up treat1:1ent 

procedures and extend the !:>ed-ca:e ,eriod to an overload condition'..' If so, in-house technical staff or 

quick acc:ess tc external help 11L1St be i temi:ed as a bi04mpneerlng ser"lice delr.and. 

_J 
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1he quality of pd>lic utilities md otheT serric:es vi_~-1 affect maintmmc:e needs. If the line vol­

tap of the paiier sysu. varies beyond ncma.I. liai.ts, it tri.ll dqrade tho .,e1fommce of instrumltatian 

md ~ lead to its f&ihmt. Failures or illpzrities in tlw vaur s-..1pply vill increase the incidence 

'1f ""ri;-nt bTeakdi:Ml. 

llullber of bed.a 

Purchue eT&luarlm 

Iaccaiq illapectiGa 

IA-bauM uinunme1 
IDd repair Mrri.CI 

s.t.ty !mpectim 

Emrpnc:y Npair 

Imtt'WDt calibratian 

ri.-n..,.. MiDteDmoe 

E.qu.ipmsrt user i.Datl"Uc:t.aa 

I 

x 
x 

< lDO 

I 

I 

x 

LC'p 
Orbm lledl.e&.l 

no.pi 't&l. caur 

2~-!00 500-1000 

I 

x I 

I ' 
x I 

x I 

I x 
I x 
x x 

Table 3 provides a sa.\Jle of b~ services usually associated vi.th Yaricus types of 

bnl.th care institutions. In all eases theTe is a need for some sort of pTeW!ntift m.intenma ~basic 

iedmical. insnuc:tim on the use of inst:rmmlUticn. 'Ihe mss ~ tnit or clinic ,~ primrily a 
diapostic cent.er md bas m additional dmmd for insttlmnt a.l.iuratian service. The cmcequence of 

failure ~Y dors ~require a staff &llacaticn for e1e1amq repair, unless the i.mit is large. 

Qi the other hand, to a tural hospital sme sort of emrpncy repair facility is ax:h a>n vital 

than instnmmt calibntian. Neither type of institutim iS lilely ta need in-hause suff specifically 

for maintenance nl repair or safety impttticm. 1hi.s sbauld ~ sagest thn these areu are t ... tally 

Dqlected. In sail hospitals the medic.al, pa wdical , md aursin& staff tndi tiaaally ~ same rs­

spmsihili ty for the -.int.m.mce md safe use of their insttmentatim. 

Mmy u:zbm hospitals ball9 ~sort of inspectim service for new ~tor insm-sits md the 
llraer l.ni.venity techin1 hospitals usually dnw upon bi~ setvices in the purchase of medical 

~pment. 

Table 3 1ep1e:H11ts the in-hause senias in health can institutions. It vi.11 be lppU'6!lt that 

sme essmtial services are r..: t shoMt. In a natimal or sute medical system, these semc:es are provided 

throulfi a centnl aaesq, wd, in this c:antext is represented by the l.a'll" medical center catqoTy. In 
the attQI '.'JllDUS syst.m, the mailer institutions my have associations with larger centers or uy hire 

tedmoi.opcal Ind technical services on a fee basis 1llhen necessary. 

C, WiAT IS 'THE BEST P"AINTEMNa SEIMCE POUcv'? 

The dependence of modern heal th care upon tf'dmoloiY in d.iqnosis of disease, thenpeutic proceQ.Jres, 

md monit.orin1 of the critically ill mabs ~: minten.slce and repair of :nedkal insttu11enution a vital 

t111assity. tneviUbly, equipment will Med aintenaice or repair and medical uu:itutions at all levels 

L J 
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mst o:nsider the esublish:znt of a service suuc:ure for this purpose. r: my be m "endosk.eletm" er 

m "excs2letcn," but if it is not prarided, effective patient care will collapse. 

The deteTIWlatian of a maintenance service policy llllSt :ai..e into account. the restraints imposed by 

~;oci.oecancmic fl!CU>rs, ,eornphic lilllitations, the envil'Cllllent, me level of medical practice, :he avail­

able techa oer, and nm political o:nsideraticns. 

Id previously stated, health ore aithorities often fail Ul recognize that the eccnanic aspt-c+..s of 

hospital equi?2Dt maintenance are linked Ul essential mmagerial concepts. There is frequently no ac­

ceptanc2 of the fact cbae H •9 cost &Jtt eo .-.inu:in equipment cMn ea buy i e, and that such con ti.nu.in& 
~tures 111.lSt be cansideTed as part of the total i.nv':stment. The additional costs inc.irred at break­

cbln because of distuptian of nonaa.l procedures mi possible damage to oth<er facilities DJSt also be con­

sidered. In eccnaaic teDIS, poor maintenmce will lead evm~Jal.ly mi inevitably to a waste of the 

health system's assets. 

/my efhctive p-roirac for mnagement of medical instnDentatic:n DJSt be based an a realistic ap­

praisal of its cost ed available financial. resources. It will be lllli.t.ed by its fi1w1cfal s~ and 

therefore DJ.st eliminate areas of endeavor that an out of econaaic reach. 

If a health are authority chooses to establish its own seTViCE ~, it should examine the a:sts 

of staff, tninin&, testing, ni repair facilities, spare parts invent.oT)·, :.id the maintenance plmt it­

~lf. It should then caipare these costs with those incurred in hirini c.J11Rtci.al services plus dispatch­

in& defective equipme-at far repair. It my be practical to utiliie the maintemru:e services of &ovem­

.rit depm"tn!nts, ~ laboratories, or universities, but the can.seqi.ena of inadequate repair or ex­

cessive deily JmJSt be ansidered in decid.ina c:11 such z altenlative. 

The effectiveness of maintenance mi repair ~ be influe:nced by acces!Eibility, assessed in tems of 

tiae rather thm distance. It uy be quit.e feasible to pt'Oride effective service at a rem:>te -ocatial if 

transporUtian is fast and available. In today':r; world, distance no lcnaer ~ an ~table 

barrier, while s,leed of execution bec:mes increasin&lY mre illlpurtant. This CClleept ps beyond natiC1Jal 

bolmdaries. It azr be man satisfactory in i..c:a inst.imces to ship equiplent abroad than to atumpt to 

provide heme facilities for its repair. This is partiaila:rly so for develop~ ccmtties where priorities 

ast be assipd to dcmestic develapmlt. The adainistntion, ~, lllSt ensure thn pTOVi.sicll is made 

foT pt"CllllPt dispatch to ainiai u the out-of-seTVi.ce period. 

A CU11p1ehensive mainteumr:e and repair policy uy include both in-house md c:cntrac"~d services. It 

is realistic to use the latter wbeTe available md ccncenttate the in-house facilities for services that 

are less accessible in the re(iCI\. The Westeni. Rqicnal &spital .Board in Glasp, Scotland, operates a 

hilblY ~tent Department of Oinical Phy!ics and Bio-Enp.neering with extensive facilities. Its Direc­

tor stron&ly ~rts the cmtncted services ccnapt an the basis that it often provides better service 

far lass cost. 
In developina c:amtties, cxaim:i&l. or ather outside facilities are man liait.ed. 1he areatest 

U.Dlihood of such help is in X-ny tedmolQIY. Mmw:factureTS' repTesentatives offer mainten.mce :md n~­

pair services md usually will c:oopeT&te with a health c::are system in planni.nz a P?'Ol?'m to serve its 

needs. Other major suppl.ien of bi.c:medical equipamt ..,, not have re(ic:nal apnts but generally they an: 
syq>athetic to the maintenance and repair problems of the user mi an &ive consnuc:ive advice an routine 

servicina md maintenmce 9nUals and recmnendations on the quantity and llUllber of ~re parts required 

in nomal l"e'D&ir pTt>Ceelures. The reCClllll:ll!ndation Jilllply expressed is •c1o not ~m v.i th out.side .. rrica, 

oollAborae. tti. th ~. 

It is an al.mast inevitable canclusi"'1 that SCllll! in-house technical maintenance Ind repair staff will 

be required. It should not be associated with the routine plmt maintenance set"Vices. Such an associa­

ticn has been atteq>wd by uny hospi uls b\rt is seldall successful. I! the institution or syste111 is l.at'ie, 
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ab~ ~rv:ice should be oI'plriud as an a."UlrlClllrUS depart:nient. It is best located at a large 

medical. center so ~t :i.: :naint.air.s cont.act with clinical progt 3il6. I.f it seTVeS a system <Jf other in­

stitutions. the mtaleln:JUs snuc:ture is essential t..' ensure equitable service to all. 

Thi! central service a~cy concept woro very veil if prevision is !lllde for praqit response to tt-.e 
needs of the mere remote ~..s of thf.'1 system. It mzr be supplemented hr institutional ar regional repre­

sentatives whose .. uncticn is to provide routint' preventive mainterumce and minor repain. A hospi ta.l of 

100 beds will have a l!ti,njn111 of ,0 items of biomedical equipment. The avenge time required for semce 

oi each item is about 10 hcun per year. Thus, this activity will occupy about half of one tedmici.an's 

tim. The balance can~ pTOfitahly spent in assistance to or tTa:ining of equi.pnent operators, mainccn­

mc:e of spares, insti~icn of safety measures, up-dating of his own ttaining, and other activities. By 

~-ison, if each of the eqaipients was sent to the marmfacturer or an agent for service, the cost at 

curN:J.t rates would be about $20,000 (U.S.) -ier year. Evm if available, such services wuld not caver 

al:'. th! activities essential to the effe..""ti.ve operaton of a biomedical maintenance and repair progTalll. 

A natimal health c:an mthority should ansider estahlishi."lg a pilot plant '.'?'O~eype tt a large 

cmtn. It .::ould becme the nuc::leus of a b:oengineering service or ~ a rode! for natica ... -u or repmal 

d1mdapn;ent. A national institute would delmstrate official recognition of the problem arui wo.ild serve 

as a focal point for the developnent of technical and professional bioengineering expertise. 

Thi! development of a maintenance and repair facility shou1-i be linJced with the planning of new 

health care centers. When the !'1laysian ~ny of Health planned its superll thivenity Hospital in 

fual.a Li.ipur it i.mctuted a prorram of tra:llting for paramedical. staff that resulted in a capability that 

is ~te evident °""' :hat the hospital is in aperaticn. The role of a central a..ci.cal. engineering agency 

in tedmical tnining should not be overlooked. In an area where there is little o~ nc research or iL.lus­

trial activity in bi.oen&ii.eemg. there is no other ~ase from which to drat ~ertise. 

The health care a.rthority, in pl:mning the facility best suited to :;...s ni.tional, regional, or insti­

f!:ltional needs, shouJ:i c:.c11Sider possible adj~J to ~ llla:intenance and repair operaticn. The bioengineer­

inc center might.provi ie an instTUllent pool to serve transient hospital needs and allocate t.'le disposal 

of older equipment - fot staff training, research use, rebuilding, OT d:i..smantling. A pool of laboratory 

services c:culd zswr the needs of mny ins ti tutiC11S. 

Finally, it mst be repeated that no biCJletf-=.~ equ:i.pment maintenance service prog1a will be ef­

fecth-e if the need for funds, staff, facilities, and tr.msport are nct provided, if the prog1am is tied 

ta pneTal. maintenaD.CI! service3, md if the arpniuticn is not given sufficient autonomy to implement 

ti» prornm. 
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AD HOC EXPERT GR".JUP :itEEI'I"lG o•r BIOMEl>IC.\.L EQUIP!IDfT 

Addre~ses of pa..-t~cipants 

1. Dr. Jacob Tarasantchi 
Profesor ti tula.r 
FAco!a Paulista De ~d.icina 

au& Botucato 862 - ~. 0 Andar 
Cep 04023 - Caixa. Postal 20. 393 
V. Clementina - S. Paulo 
Brasil 

2. Mr. J.A. Hopps, D.Sc. 
Head. Medical Erl6inffring Section 
!'IRCC 
Sec~tary General Internati~nal 
~·~•ration for Medical a.nd Biological 
~neering 
-rational Research Council of Canada 

Ottawa, Canada K1A nR8 

3. Prof~ Dr. Adnan Soicollu 
aesearch Director 
Marmara Scientific and Ind'1.Strial 
aesearch Institute 

P.O. Box 141 
Ka.ciik~y - Istanbul, Turiey 

4. Prof. Dr. Ing. U. Faust 
Universitit Stuttgart 
Gesch&ftsfUhron~er Direktor 
Institut fUr Biomed.izin1sche Technik 

P.O. Box 56o 
Seid.enstraase 36 
D-7000 Stuttgart 1 FRG 

5. Mr. ¢ivind. Lorentaen, M.Sc.Mech.Eng. 
Central Institute for Indl-~rl.al aesearch 
Fc•rskningsveien 1, Blind.em 

0alo 3, 'Torvay 

6. Mr. ~&ndor rtichter, M.S.E.E. 
Director 
~ed.1c.:or 'iiorits 
lontgen ~. 11-13 

H-1035 B~d.apest, Hu~ry 

7. '.)r. '1. ~~ohan '.\1ural l 
Professor of 3iomed.1cal :!ng1neer1:1g 
c/o ".:lepar-t:nent of ::lec'tronics a:-:d 
Commun1cat1::g !nginear1:1g, College of 
E:n.g-i nee r1 ng 
Osmon1a Jn1vers1ty 

~yderabad )COC07 A.P. 
::;d::.a 

Tel. 70-9181 - aamal. 16o 

'l'lx. 053-4134 
Tel. (613) 993-9287 

Tlx. 33193 ~ Ta 

Tlx. d.f 721703 ~IS D 

r.1. 02-695880 

'l'el. 20 20 72 
1lx. 22-5051 medic h 

"!'el. 7 3C22".: 
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8. Dr. A. :'It. Sall am, Chairman 
Arab Do. for DI".igs Industries a.ni 
~edica.l Appl_ances 

9, Emal El-Din Street 
P.O. 3ox 2647 (attaba) 
Cairo, Egypt A.R.E~ 

9. Mr. Guiterrez 'li:ial 
Instit11te ~xicano del 
Seguro Social 
Jefatura de los Servicios 
de abast.ecimiento 

aeforma 476-6. 0 piso 
:'ltexico, D.?. 

10. Mr. R. qers, Head of Electrical 
Engineering Group, Scientific and Technical 
Branch 
Department of Healtr and Social Security 

14 Ruaael Square 
London 'iiC1B 5EP 
Great Britain 

11 Dr. Abdel Moniem IhaZbak 
t..i.airman 
Goumhouria Co. ~r Trad.ing 
Medicines, Chemical:.1 and 
Kedical Appliances 

Sawah St. Amira Cairo 

12. Dr. Garrido Pinson 
Sintesis Quimica S.A. 
Gamete General 
Ave. del Ejercito 490 

Miraflore•, 
Lima, Peru 

13. Univ.-Prof. Dipl.-Ing. 
Dr. techn. Stefan Schuy 
Vorstand des Instit~s rtlr 
Elektro- und 3iomedizinische Technik 
Technische Univeraitat 

Inffeldgasse 18 
A-8o10 Graz 

14. Dipl.-I:ig. Dr. techn. 
'forbert Lei tgeb 
Un1vers1tatsaaaistent 
Insti~ut fU.r Ele.ktro- und 3iomed1zinische 
Technilc 
Technische ~n1vers1tat 

re.!.. 935533 
Tlx. 92785 AC.JI~ ~1i' 

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

Tel. 01-636-6811 Ex 3537 

Tel. 871142 
Ga.ble Address Gomac 

rei. (c3 •6) 77 5 , 1/73 90 

1'el. (0316,' 77 5 11/73 91 
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ACTIO'l TO 3E T~T BY' E:X:Pml'S 

(Information to reC\ch :rrrno, "lienr..a, by January 10, 1980) 

i. Ind.iVl.dual Contributicns 
(t - 1 page) 

2. List of Biomedical 1'ruipment for hospitals, clinics, 
he~th center etc. 

3. Source of technology (manufactuers) 

4. 'la:n~s of experts for U?iTI>O roster 
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?ro~osal by the Internationa: ~ederat1on for Medical and 3iologica.l 
En~neeri::ilZ' to !JNIDG - submitted. by ~r.J.A.3.)??3. 

':he Federation '.·-elcomes the action of u"NI!lO in reviewing 

the ?roblems and ?Ossibilities ~f i~plementati;n of technology 

in the delivery of health care. Such action complements the programme 

of the IFMBE committee on Aid for Developing Countries. 

The IFKBE has conducted a survey of biomedical engineering 

in Soui;h Ea.st Asia ( 1971) and has participated in the International 

Biomedical Eilgineering Workshop Series, for .,-h:ich it organised 

the first '~rkshop - Biomedical Ec:uipment Maintenance Service 

Programmes ( 1972) • 

.d.s a follo~ up to these activities the IFMBE has explored 

various possibilities to contribute to the advancement of medical 

engineering in developing countries. We now propose to TJNIDO that 

··-e conduct a •,:orkshop in a developing region, to inform heal th 

care admi.nistra~ors of the need for and advantage of professional 

and technical bioengineering services and to gi•re ir.strurtion on 

the benefits of ir.strumentation management. 

To further the doc-..unentation needs of UNIOO, :-;e are also 

?repared to conduct a s'Jr'rey among our member countries and 

contacts in developing regions, to en~re about present 

e".1Ui.?ment management programmes, estimated costs, industrial 

~orunitment, instrumentation priority needs and specific proble~~ 

in implementing technology in health care. Both enterpr1ses 

···ould be undertaken o~ a contractual basis. 

At an appropriate time, the 7ederation is pr~~~red to 

submit a detailed proposal for conducting the S""!J.r'rey and for the 

··or!<sho0. 

• • 1!11111 • -
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