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The Effective Management of Medical Equipment
in Developing Countries
Abstract
Despite major investments having been made in the rehabilitation of physical structures
and capital assets, it is evident that the problems of hospital management have thus far
received very little attention, in particular the management of physical infrastructure and
equipment. This Series of Five Papers argues that the development of sustainable
equipment management systems can only be brought about through deliberate investments in the development of specific skills and competences within an appropriate and
supportive context of structures and resources.
The key issue addressed in this Series is the ineffective use and subsequent poor performance of medical equipment in hospitals and health centres in developing countries.
While much of the literature related to equipment conservation in the health sector of developing countries addresses purely technical or engineering issues, this Series aims to
add a management perspective onto the way in which health care equipment is acquired
and used. Rather than being a purely technical manual concerned with the day-to-day
running of engineering services, this Series addresses some of the managerial issues
related to the conservation of equipment and the allocation of human, financial and material resources.
Health services in developing countries are provided by government, private, and traditional sectors. The private sector is generally divided between a number of religious,
humanitarian and voluntary organisations and a variety of commercial enterprises. Both
in the private and public sector, a large proportion of the technical equipment and machinery is, for one reason or the other, not available for use. Evidence suggests that
certain developing countries perform better than others and there are many instances
where the private sector performs significantly better than public sector institutions. This
Series examines this variation in performance with the objective of identifying successful
approaches to the management of medical equipment. As the long-term objective of all
donor assistance to developing countries is to work towards indigenisation of managerial
responsibility, through the development of local capacity and competence, this Series has
been written in such a way that it will be useful to both private and public sector managers.
The target audience for this Series is quite broad. Medical equipment management in
developing countries concerns indigenous health workers, administrators and engineers,
but also foreign experts and overseas aid agencies. The principles of effective management and cost-effective resource allocation apply both to hospitals and health centres run
by the private as well as those run by the public health sector.
Long term success, in terms of sustainable and on-going improvement of the operational
performance of physical assets, requires specific commitments from indigenous health
authorities. The way in which donor agencies can assist in this process is through the
provision of funds for project development as well as by making available technical and
managerial expertise, for an agreed period of time. However, in order to maximise the
chance of success in the long term, indigenous health authorities are to take on overall
responsibility for the design, implementation and evaluation of technical assistance programmes. Ideally, in order to ensure long term sustainability, foreign aid and donor support must not dominate the development process, but rather be subject to indigenous visions, initiatives and programmes.
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Introduction to the Series

1.1 Purpose and Structure of this Series
1.1.1 The Key Issue Addressed
The problem addressed in this Series of Publications is the ineffective use and subsequent poor operational performance of medical equipment in developing countries. The
chronic lack of functioning medical equipment is generally regarded as an important
contributor to the poor quality of
health care delivery in those
countries. A number of previous
studies, conducted in low- and
medium-income
economies,
indicate that as much as half of the
equipment in urban and rural
medical institutions is inoperable
and not in use. As a result the
efforts of medical and para-medical
personnel are seriously impaired.
The World Health Organization
decided in 1978 that a major social
target of governments in the coming
decades should be that "...all the
citizens of the world would attain a
level of health that would permit
them
to
lead
socially
and
economically
productive
lives"
(World
Health
Organization,
1983:1)1.
Evidence suggests,
however, that in 1996 health care
provision in most developing
countries is still in a state of crisis. Despite progress having been made over the past
few decades, the fact remains that a large proportion of the population in those countries does not have access to adequate health care. Recent statistics show that infant
mortality in low-income economies is still as much as 10 times higher than in highincome economies. A person born in the UK can expect to live 20 years longer than
someone born in Tanzania or Nepal. High incidence of disease and high mortality rates
contribute to a poor quality of life. The economic consequences of poor health are also
considerable, in that a poor state of health directly and indirectly contributes to the economic burden carried by many of the low-income developing countries. This concern is
expressed in a recent publication by The World Bank, which comments on the health
status of the population in Sub-Saharan Africa:

1

This resolution of the World Health Assembly, which was taken unanimously by all 152 member states of
the World Health Organization, is more commonly known as 'Health for All by the Year 2000 (HFA/2000)'
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High rates of disease and premature mortality in Sub-Saharan Africa are costing
the continent dearly. Poor health causes pain and suffering, reduces human energies, and makes millions of Africans less able to cope with life, let alone enjoy
it. The economic consequences are immense. Poor health shackles capital, reduces returns to learning, impedes entrepreneurial activities, and holds back
growth of gross national product (World Bank, 1994a:viii).
Many factors are thought to be responsible for the ineffectiveness of health care provision in developing countries all over the world. One consequence of the international
recession, which started in the 1980s, has been that many countries throughout the
world have had to reduce the rate of growth in government expenditure for social services, including health and education. Cutbacks in health sector expenditure have contributed heavily, among many other things, to low expenditure on medical equipment.
This highlights the importance of using as effectively as possible the existing stock of
equipment which is already available in health institutions. The effective selection,
choice and use of medical equipment is the main theme of this Series of Publications.
This particular problem of poor medical equipment performance is a special case of a
more general issue, which is the widely varying effectiveness in using imported equipment and technical systems in developing countries. The objective of this Series is to
examine, in some detail, a particular example of low effectiveness in using hardwareembodied technology in these countries. Thus, although this Series is about the effectiveness of using health care equipment, it is also concerned with the wider issue of the
assimilation and absorption of technology.

1.1.2 Aims, Objectives and Target Group
The broader objectives of this Series are to:
(i)

obtain a clear understanding of factors contributing to differences in equipment effectiveness in the health sector of developing countries;

(ii) develop a comprehensive and coherent framework for analysis, with the
objective of contributing to the development of policies and strategies, concerned with the management of medical equipment in public and private institutions.
The specific aims of this Series of Publications are to develop clear guidelines for health
planners, medical and para-medical staff in developing countries, regarding:
(a) The Development of Health Care Technical Services
(b) The Development of Medical Equipment Management Systems
(c) The Development of a Medical Equipment Monitor, either on a national
level or on the level of privately operating agencies
(d) The Management of Human Resources Development
(e) The Management of Foreign Aid

2

Introduction to the Series

The target group for this Series consists of private and public sector health workers in
developing countries and in particular health planners, administrators and medical
equipment managers. In addition, many of the guidelines and recommendations are
specifically aimed at foreign experts and other representatives of international aid organisations and voluntary agencies.

1.1.3 Structure of this Series
The five Papers in this Series have been presented in such a way that each Paper can
be read and used in its own right. Whereas the five Publications follow a logical sequence and are to some extent inter-related, each Paper addresses a set of issues
which will be of interest to a particular audience.
Paper 1 outlines the key issues addressed in this Series and gives some background
information relevant to the acquisition and use of medical equipment in developing
countries. Apart from stating the purpose of this Series, Paper 1 puts the medical
equipment problem in developing countries into context by providing some insight into
the international medical equipment market. This Paper concludes by giving an overview of the available literature and previous studies by various authors and international
health workers and organisations.
Paper 2 contains a detailed case-study of three developing countries. The information
contained in this Paper is a summary of recent surveys in Yemen in The Middle East,
Ghana in West Africa and Costa Rica in Central America. The purpose of this Paper is
to provide an indication about the extent of the medical equipment problem and the severity of the implications of the problem. The research data is also used to examine
how the three countries have dealt with certain managerial issues such as equipment
standardisation, equipment complexity and equipment obsolescence. The available
data is further used to examine the difference in performance between hospitals of different size, geographical location and different type of ownership (public versus private).
Paper 3 is concerned with the development of Health Care Technical Services (HCTS),
i.e. the support system for the acquisition, use and conservation of medical equipment.
The systematic framework developed in this Paper is used to objectively assess and
compare three very different developing countries.
Paper 4 is concerned with the development of the Medical Equipment Management
(MEM) system. The systematic framework developed in this Paper is again used to
objectively assess and compare three developing countries.
Paper 5, finally, reviews the Series of five Papers. The results and conclusions from the
individual Papers are combined into a comprehensive model for the effective management of medical equipment and the effective allocation of resources. Paper 5 includes
a discussion and guidelines regarding the effective management and utilisation of foreign aid.
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1.2 Background to the Series
1.2.1 Medical Equipment: Terminology
The term 'medical equipment' can be interpreted as including a wide range of instruments, equipment, machinery or apparatus used for medical and para-medical purposes. The literature provides us with a number of definitions for the term 'medical
equipment'. Brown et al. (1986:i) describe medical equipment simply as being "... the
equipment which may be found in hospitals, medical research and teaching institutions".
This definition includes the entire range of mechanical, electrical and electronic devices
used, directly or indirectly, for the delivery of health care. A more selective definition
can be found in the relevant Health Equipment Information (HEI) publication of the
Medical Devices Agency (MDA) of the Department of Health in London, which states
that the term medical equipment comprises:
...any device, instrument, apparatus, implement, material substance, or other article (used singly or in combination), together with any accessory thereto, which
is intended by the manufacturer for (a) diagnosis, prevention, monitoring, treatment or alleviation of human disease or injury, or (b) investigation or modification
of human anatomy or of human physiological process; which does not achieve its
principal intended action by pharmaceutical means, but which may be assisted in
its functioning by such means (Medical Devices Agency: Health Equipment Information, Issue 98:28).
This Series of Publications is primarily concerned with strictly medical devices, such as
those used in radiology departments, operating theatres, maternity wards, sterilisation
departments, laboratories and pharmacies. Equipment not covered in this study are
non-medical devices, such as those associated with the auxiliary supplies for medical
facilities, such as electricity- and water supply, as well as transport, domestic and administrative equipment. A more detailed classification of medical- and non-medical
equipment, used in hospitals, has been attached as Annex 1-1.

1.2.2 The International Medical Equipment Market
The international medical equipment industry is extremely diverse. The spectrum of
available devices ranges from the most elementary mechanical apparatus, such as the
hand operated table-top centrifuge, to the most sophisticated diagnostic and therapeutic equipment, such as computer tomography. It is estimated that the range of medical
devices incorporates approximately 6,000 generic entities and an estimated 750,000 or
more brands and models, ranging from simple articles to very complex systems. These
devices are produced by an estimated 12,000 manufacturers world-wide (World Bank,
1993:138). World trade in medical equipment is dominated by three countries; Germany, the USA and Japan, who combined account for over half of total exports of both
medical instruments and electro-medical equipment (Bloom and Temple-Bird, 1988:12).
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It is further estimated that currently developing countries account for approximately $5
billion, or 7 percent, of the $71 billion spent annually on medical equipment world-wide.
Although precise figures are generally not available, a significant proportion of funding
for medical equipment is provided by international donor organisations. The global estimate on medical equipment purchases includes medical and dental supplies, surgical
instruments, electro-medical and X-ray equipment, diagnostic tools and implanted products (World Bank, 1993b:137-38). The huge discrepancy between the 'North' and the
'South', with regard to the availability of resources, will be obvious when one considers
that low- and middle-income-economies represent some 85 percent of the world population.
Considering the low per capita purchasing capacity for medical equipment in developing
countries, it is crucial that existing resources are used effectively. The effective use of
technology in circumstances where financial and other resources are severely restricted
is the overall theme of this Series.
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Fig 1-1 International Expenditure on Medical Equipment

In order to illustrate this contrast between countries in 'The North' as opposed to those
in 'The South', Figure 1-1 gives an indication of the international expenditure per capita
on medical equipment.

1.2.3 Brief Review of Previous Studies
Many studies have been carried out by international health workers and consultants,
addressing the specific problem of poor medical equipment performance in developing
countries. It is outside the scope of this Series to provide a detailed assessment and
analysis of the available material. However, a comprehensive list of references has
been attached for those readers wishing to elaborate on certain aspects of the issue.
This Section gives a brief summary of what various authors have contributed to the understanding of the problem.
The material contained in this Series of Publication mainly focuses on only one of three
interconnected problems about medical equipment in developing countries, which are:
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(i) The limited total volume of equipment
The previous Section has outlined the size of the world market and the global
distribution of medical equipment. It is obvious that the total stock of equipment
available for developing countries is minimal, especially in comparison with the
high-income economies. This inevitably restricts the health care that can be provided.
(ii) The unequal distribution of the stock of equipment
The geographical and socio-economic distribution of medical equipment is
closely linked to the distribution of health care facilities and services in general.
In most developing countries, these patterns of distribution are highly unequal.
Whereas more than half of the population in many low- and middle-income
economies is rural, health care and other amenities are available mostly in urban
areas. In reality, in most developing countries, more than half of the limited public sector financial resources are spent on national-, teaching- or regional tertiarycare hospitals, which make a relatively small contribution to the reduction of predominant diseases. Consequently there are wide disparities between urban and
rural health indices. Infant mortality in rural areas is, for instance, often 2-5 times
as high as in urban areas (Anyinam, 1989). A number of studies show that
around 40-60 percent of the health budget in Africa is spent on a few hospitals in
and around capital cities. In Kenya, for example, it was found that a full 40 percent of all health expenditure was on National Kenyatta Hospital, while rural
health centres received only 1.4 percent of total government funds for health
(Alubo, 1990).
(iii) The poor performance of the installed stock of equipment
As indicated earlier, a large proportion of the existing stock of equipment in
health facilities is not operational. The health care literature provides numerous
examples of the poor performance of medical equipment in developing countries.
It is estimated, for example, that in Brazil 20 to 40 percent of the $2 billion to $3
billion worth of public sector medical equipment is not functioning (World Bank,
1993:138). A recent case study in Cameroon shows that 20 to 40 percent of
their medical equipment stock is not operational (Cameroon, 1993). McKie estimates that 60 percent of the equipment in medical units in a typical Third World
country is not usable (McKie, 1990). In an earlier publication McKie indicates
that the problem of poor operational performance of equipment is more evident in
public sector health facilities and less severe in privately owned medical institutions (McKie, 1987:37).
A study of 17, out of a total of 76, Public and NGO hospitals in Uganda revealed
that only around 20 percent of the inventory was in good working order, while it
was estimated that perhaps another 30 percent of the faulty stock would be worth
repairing. Extrapolated over all the hospitals in Uganda, this would mean that
about half of the US$ 15 million investment in such assets had been wasted and
almost a third of the total inventory was providing no benefit. The total lack of investment in basic equipment maintenance for many years makes this example
an 'extreme case' (Porter, 1987).
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Although estimates, as to what proportion of equipment in developing countries is not
functioning, vary considerably, all sources agree that poor performance of the existing
equipment is an important contributor to the health crisis in developing countries. Poor
performance of installed equipment clearly exacerbates the already serious constraints
on providing effective health care, caused by the low total volume of medical equipment
available in these countries and the highly unequal distribution of that equipment.
There are many references in the literature which suggest reasons for poor performance of medical equipment in developing countries. The reasons given are multiple and
often complex. McKie, for example, attributes the medical equipment problem in developing countries to poor management of health care technology. He states that "...
shortcomings in managerial procedures and practices are familiar and often described,
however the root causes of the disease are seldom probed". He also speaks, in this
respect, of a "disease with multiple causes" (McKie, 1987:37).
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In this Section an attempt has been made to categorise suggested causative factors
and associated prescriptions for solving the problem. Suggested reasons for, and solutions to, the problem appear to fit into one of five categories:

(i)

Policy. The problem is a direct consequence of the absence of specific
policies, with regard to the management of physical assets. Numerous
studies emphasise the need for a comprehensive public and private sector
policy on the management of health care equipment.

(ii) Utilisation. The problem is thought to be due to ineffective use of the
equipment (timely equipment maintenance and replacement are regarded
as part of this utilisation process).

(iii) Context. The problem is said to be caused by certain aspects of the environment, or context, into which the equipment is introduced and used. Inadequate financial resources, shortage of staff in terms of quantity and
quality and poor management of foreign aid are examples of contextual
issues contributing to the problem.

(iv) The Technology. The problem is inherent in the technology and related to
certain technical features of the equipment. The fast changing technology
in the international equipment market, and the sophistication of modern
equipment are regarded as reasons for poor equipment performance in
developing countries. The enormous diversity in makes and models of
equipment is regarded as an important contributor to the problem.

(v) Acquisition. The equipment problem is thought to originate from imperfect
selection and purchasing procedures.

It appears that the existing literature related to the equipment problem does not provide
a comprehensive and systematic framework related to factors influencing equipment
performance. Many authors provide an extensive list of reasons, and most of them
suggest corresponding ways for possible improvement. A limitation of the existing literature is that none of these sources is particularly systematic in doing so. As a step
towards a more systematic analysis, Table 1-1 groups into four categories the key issues emerging from the literature addressing specific reasons for poor operational performance of medical equipment in developing countries.
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Table 1-1 Suggested Reasons for Poor Equipment Performance
(i) Technology related
vices

Inherent complexity of medical deLack of equipment standardisation
Equipment obsolescence

(ii) Hospital-characteristics related
Geographical location and size
Type of ownership
(iii) Policy and context related

Absence of public and private sector policies
Poor equipment conservation culture
Weak infrastructure and organisation
Lack of trained maintenance staff
Lack of trained equipment operators
Weak technical support system
Inadequate finances for equipment management
Poor logistics support (transport, information)
Poor donor practices

(iv) Management-process related
Poor equipment acquisition procedures
Poor maintenance and repair procedures
Poor equipment replacement procedures
Poor management of human resources development
Poor equipment performance evaluation procedures
Poor management of foreign aid

The purpose of this Series of five Publications is to obtain a better understanding of the
rather complex and multi-faceted medical equipment problem in developing countries.
The key issues listed in Table 1-1 will, to some extent, serve as a guideline for further
discussion.

10

BIBLIOGRAPHY - PAPER 1
(An extended bibliography related to the entire Series is included in Paper 5)

Alubo S O (1990), 'Debt Crisis, Health and Health Services in Africa', Social Science Medical,
3(6): 639-648
Anyinam C (1989), 'The Social Cost of the International Monetary Fund's Adjustment Programs:
The Case Study of Health Development in Ghana', Int. Journal of Health Services,
19:531-547
Bloom G (1989), 'The Right Equipment in Working Order', World Health Forum, 10(1): 3-10
Bloom G, Temple-Bird C (1988), Medical Equipment in Sub-Saharan Africa - a Framework for
Policy Formulation, IDS Research Report, University of Sussex, Brighton
Cameroon (1993), Health Care Technical Services in Cameroon: Survey Findings, Center for
Health Technology, Yaounde, 1993
McKie J (1987), 'The Management of Health Care Technology', in World Health Organization,
Report on Interregional Meeting on the Maintenance and Repair of Health Care Equipment, held at Nicosia, Cyprus in 1986, pp37-84
McKie J (1990), 'Management of Medical Technology in Developing Countries', Journal Biomed. Engineering, 12(May):259-261
Porter D (1987), Medical Equipment Assessment in Uganda, World Bank Project Preparation
Study, unpublished
World Bank (1993), World Development Report 1993, The World Bank
World Bank (1994a), Development in Practice - Better Health in Africa, Experience and Lessons
Learned, The World Bank, Washington D.C., 1994
World Health Organization (1983), WHO Handbook of Resolutions and Decisions of the World
Health Assembly and the Executive Board, Vol II, 5th ed., 1983

11

Annex 1-1 Classification of Hospital Equipment (Glossary)
MEDICAL

NON-MEDICAL

General

BP Apparatus
Otoscope
Blood Bank
Vaccine Fridge
Oxygen Supply
Others

Imaging

X-ray Fixed/Mobile
Fluoroscopy
Ultra Sound

Theatre

Anaesthesia
Cryogen Equipment
Diathermy
Operating Light
Operating Table
Suction

Maternity

Doppler Detector
Incubator
Vacuum Extractor

Sterilisation

Autoclave
Oven (Sterilising)
Steriliser (Built-in)
Water Bath, electric
Water Bath, electronic
Disinfector, electronic
Gas Steriliser

Laboratory

Centrifuge
Microscope
Incubator
Photometer
pH Meter

Pharmacy

Bottle Washer
Compressor
Filter System
Mixer
Water Still
Weighing Equipment
Others

Electricity Supply

Power Plant, Power Wiring
Solar Power

Water Supply

Pumps, Piping

Transport

Vehicles, Motor Bikes

Domestic

Kitchen, Laundry

Administration

Calculator, Cash Register
Computer, Copier
Transceiver
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Medical Equipment Performance: A Comparison Of Three Countries

2.1 Introduction
This Paper, being the second in a Series of Five Publications, contains a detailed casestudy of three developing countries with regard to the operational performance of their
existing stock of medical equipment. The purpose of this Paper is to provide an
indication about the extent of the 'medical equipment problem' and about the severity of
the implications of the problem. The research data is also used to examine to which
extent the three countries have dealt with certain managerial issues such as equipment
standardisation, equipment complexity and equipment obsolescence. The available
data is further used to examine the difference in performance between hospitals of
different size, geographical location and different type of ownership (public versus
private).
Three countries were selected for a comparative cross-country analysis, namely Yemen
in the Middle East, Ghana in West Africa and Costa Rica in Central America. The
choice of countries has been the result of two sets of considerations. One set is
concerned with objective criteria about the performance of health systems. A general
objective of this study was to compare developing countries which are typically
dependent on the importation of technical systems, such as health care equipment.
More specifically, the objective of the country selection was that countries of a
contrasting type were identified, namely those that were known to have, or suspected to
have, different health outputs and different systems for the management of health care
equipment. The process of selection of countries was, to a large extent, driven by
objective data derived from the World Bank Report (1993), which focuses on health
related issues. The second set of considerations is related to more practical issues,
such as opportunity, access, previous personal experience and recommendations by
peers. A brief introduction to the three countries is attached as Annex 2-1.

2.2 Methodology and Survey Results
In order to assess operational performance of health care equipment it proves
necessary to analyse detailed information related to equipment in hospitals. The units
of analysis, therefore, are items of medical equipment, or medical devices, which are
found in large quantities in the various departments of medical institutions in developing
countries.
The data on equipment performance was collected in a variety of ways. After
exploration of the available literature, it was decided that it would be necessary to visit
each country in person, as the type of data needed appeared not to be available in any
official or unofficial publication. In every country, data acquisition involved a number of
different approaches, being:
a. Use of central sources of information
b. Direct enquiries at individual medical centres
c. Interviews with health officials at central, regional and local level

1

Medical Equipment Performance: A Comparison Of Three Countries

In reality the procedures for data collection varied considerably from country to country.
In addition, various country studies, such as periodic Health Sector Reviews by
international banks and aid organisations, provided valuable insight even prior to
departure to those countries. The combination of existing documentation, personal
experiences through extensive in-country travel, and interviews with local health officials
facilitated the development of a comprehensive descriptions of specific country
situations.
In order to facilitate a grouping of the hospitals in the three countries, a distinction was
made between three categories, namely: (i) National/Central, (ii) Regional/Provincial
and (iii) District/Rural. This classification of hospitals is general enough in a sense that
it does not introduce any confusion in its interpretation. The number of health
institutions obviously varies from country to country. For the three countries under
investigation the approximate numbers are shown in Table 2-1. Full details of the
samples from the three countries, with names and locations of hospitals, have been
attached as Annexes 2-2, 2-3 and 2-4.
A national stock of medical equipment is spread around public and private health
facilities at all levels of a health care system. Obviously, the total number of equipment
items varies from country to country, depending on many factors. In the public health
sector in Costa Rica, for example, approximately 10,000 medical equipment items are
distributed over a total of some thirty major health facilities. In most developing
countries, however, the exact number of equipment items in hospitals in not known. In
Yemen and Ghana, for example, it proved quite difficult even to obtain a comprehensive
list of names of medical institutions in the country.

Table 2-1 Sample Sizes of Medical Equipment in Hospitals

Country

Total Sample Size
Medical Equipment

Yemen

220

Ghana

2,355

Costa Rica

9,516

Due to varying local circumstances and available time, the actual equipment sample
size varies considerably from country to country. Table 2-2 summarises the choice of
samples.
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Table 2-2 Distribution of Health Facilities in Selected Countries with Sample Sizes
(n.a. = data not available)
Country /
Level of Hospital

Number
Public Sector

of

Hospitals
Private / NGO

Total
3
18
42
63

Sample
3
7
3
13

Total
n.a.
n.a.
n.a.
n.a.

Sample
2
1
3

Total
Sample
3
9
4
16

National/Central
Regional/Provincial
District/Rural
Sub-totals

2
8
36
46

1
2
10
13

35
35

9
9

1
2
19
22

COSTA RICA
National/Central
Regional/Provincial
District/Rural
Sub-totals

6
9
14
29

6
9
14
29

3
n.a.
n.a.
n.a.

-

6
9
14
29

138

58

n.a.
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YEMEN
National/Central
Regional/Provincial
District/Rural
Sub-totals
GHANA

TOTALS

70
(Total
Sample)

Sources of Data:
Yemen: (Porter, 1985), (World Bank, 1992); Ghana: (World Bank, 1989), (Remmelzwaal, 1994b); Costa
Rica: (CCSS, 1993)
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2.3 Equipment Performance Comparison
The type of data collected for each item of equipment in the samples is related to the
operational performance, or operational effectiveness, of the equipment. For each
piece of equipment it was recorded whether it was actually in use, and as such
delivering its intended services in a safe and reliable manner, or whether it was standing
idle or defective, due to a particular problem. The questionnaire used for the surveys is
attached as Annex 2-5. For each item of equipment the following information was
collected:
1.
2.
3.
4.
5.
6.
7.
8.

The Name and Model of the Equipment
The Name of the Manufacturer and Country of Origin
The Year of Manufacture
The Operating- (Working-) Condition of the Equipment
The Frequency of Use
Whether Local Staff is Qualified to Operate and Maintain the Equipment
Whether Replacement Parts are Stocked
The Accessibility of Staff to Equipment Manuals

In principle one could assess the performance of a stock of medical equipment,
indicating its operational effectiveness, in a variety of ways. Previous studies in
industrialised countries make use of different methods, one of which is the assessment
of the average downtime of equipment over a particular period of time. Alternatively
one takes the so-called 'Mean Time Between Failures' (MTBF) as an indicator of
equipment performance. In situations where large amounts of equipment are not
usable, as is the case in many developing countries, it is quite common simply to
determine the current replacement value of the stock of defective equipment and
compare this figure with the total capital value of the entire stock of equipment (Porter,
1991b). The numerical method used in this study simply takes equipment performance
as the percentage of a set of equipment in good working order, at the time of survey.
The term 'performance' or 'operational effectiveness', in other words, indicates the
proportion of the number of units of equipment in health facilities, which is in good
working order and ready to deliver its intended services in a safe and reliable manner.
A performance indicator of, say, 70 percent would indicate that 30 percent of the
equipment in that location is standing idle.
The data on equipment performance is extracted from Annexes 2-2, 2-3 and 2-4. A
straightforward summation of numbers of equipment items yields the performance
indicators shown in Table 2-3. These findings clearly show that national equipment
performance varies significantly between the three countries, at least with respect to the
sample on which the study is based. Costa Rica stands out as the best performer,
while Yemen scores the lowest of the three countries. There also appears to be a
variation in performance between public and private sector institutions, and also
between public sector tertiary and other hospitals.
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Table 2-3 International Comparison of Medical Equipment Performance
(Selected Sample of Hospitals)

----------Hospital

Categories----------

All Hospitals
(Public&Private)

All Public Hospitals
except Tertiary

All Public
Hospitals

Yemen

58.6 %

54.2 %

55.7 %

Ghana

75.7 %

66.8 %

74.1 %

n.a.

86.1 %

86.4 %

Costa Rica

A graphical representation of the overall performance figures is given in Figure 2-1. In
order to facilitate calculation of the wastage in financial terms, the estimated total
current replacement value of the existing stock of equipment in the three countries is
also given1.
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Equipment not usable (wastage)
Equipment in good working
order

YEMEN
[55.7%]

GHANA
[74.1%]

COSTA
RICA [86.4%]

Fig 2-1 Medical Equipment Performance Comparison
(All Public Hospitals )
The data on equipment performance confirms the assumption that the 'medical
equipment problem' indeed exists.
The striking variation in performance between
countries raises the question why one country, in this case Costa Rica, performs so
much better than the other two.

1

Refer to Paper 3 in this Series for details of these estimates
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Table 2-4 Historical Data on Medical Equipment Performance
Country
Yemen

Ghana

Costa
Rica

Year
1981

Performance
Source
56 %
Porter, 1985

1993

54,2 %

This Study

1989

64,3 %

WB, 1989

1994

66,8 %

This Study

1988

86,4 %

This Study

1993

91 %

CCSS,
1995a

a

Sample Size
Details of Data
695
No. of Hospitals: 19; All
Regions
All Public Hospitals
except Tertiary
All Medical Equipment
161
No. of Hospitals: 13; 5
Regions
All Public Hospitals
except Tertiary
Subgroup of Medical
Equipment (Sterilisers)
442
No. of Hospitals: 7;
Northern and Upper
West Region
All Public Hospitals
except Tertiary
All Medical Equipment
1.040
No. of Hospitals: 21; 5
Regions (incl. Northern
and Upper West)
All Public Hospitals
except Tertiary
All Medical Equipment
9.516
No. of Hospitals: 29; All
Regions
All Public Hospitals
All Medical Equipment
10.000
No. of Hospitals: 29; All
Regions
All Public Hospitals
All Medical Equipment

Source: Caja Costaricense de Seguro Social, San José, October 1995; total number of equipment
estimated
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Table 2-4 summarises the available historical data on medical equipment performance
in the three countries. It appears that the equipment managers in Costa Rica are more
successful than their colleagues in the other two countries. Whereas Yemen shows a
slight decline in performance over the past twelve years (-1.8%), Costa Rica and Ghana
have managed to improve equipment performance over the past five years (+4.6% and
+2.5% respectively).

2.4 Seeking Explanations for the Variations in
Performance
2.4.1 Introduction
Previous studies suggest that there are a number of factors associated with the degree
of effectiveness of medical equipment. Following the grouping of those factors in Paper
1 (Table 1-1), these factors can be summarised as follows:
a. Factors related to Technology
(i) Inherent Technological Complexity of Equipment
Previous studies have suggested that the inherent technological complexity of
medical equipment is, in itself, a major reason for poor operational performance.
This Paper, therefore, examines the relationship between the degree of
complexity and the performance of equipment.
(ii) Lack of Equipment Standardisation
A number or previous studies have suggested that the absence of a
standardisation policy for the procurement of medical equipment leads to poor
operational performance of the acquired assets. The consensus of opinion is
that deliberately limiting the number of brands and models of equipment would
have a positive effect on equipment effectiveness.
(iii) Equipment Obsolescence
Some studies suggest that poor medical equipment performance in developing
countries is simply due to the advanced age of the equipment. Large scale
obsolescence of equipment, be it technical, economic or simply in terms of age,
is thought to be a direct consequence of the chronic lack of government funds for
equipment renewal.
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b. Factors related to Hospital Characteristics
(iv) Geographical Location and Size of Health Facilities
The unequal distribution of financial resources for the acquisition and
conservation of physical assets in the health sector, implies that medical
equipment performance may well be related to the geographical location, size
and orientation of hospitals in which the equipment is used. Following this line of
argument, remote rural hospitals would display a poorer performance than larger
hospitals in or near main urban areas.
(v) Difference in Performance between Public and Private Hospitals
A number of previous studies (for instance: McKie, 1987:37) mention a striking
difference in performance between Public Sector health institutions and nongovernment or private institutions. These differences in performance are said to
be apparent, not just in the equipment management sector, but in virtually all
aspects of health care delivery.

2.4.2 Technological Complexity of Equipment
A number of studies suggest that the technological sophistication of equipment is, in
itself, a major reason for poor operational performance. In order to explore this issue,
an investigation was carried out into a possible relationship between the degree of
technological sophistication of medical equipment and its operational performance,
under a given set of circumstances. The technical complexity of categories of
equipment was defined in terms of a combination of certain characteristics grouped in
four categories, namely (a) Incorporated Components, (b) Required Maintenance and
Calibration, (c) Operator Complexity, and (d) Auxiliary Supplies and Connections. A
copy of the list of characteristics is attached as Annex 2-6.
With this list as guideline, medical equipment engineers in each of the three countries
were invited to assign scores, on a numeric scale, to each category of equipment. An
example, being a section of a filled out sheet, is attached as Annex 2-7. For statistical
reasons the number of 'complexity groups', for the entire range of equipment, was
limited to four. The results of the analysis are given in Figure 2-2.
In observing the curves in Figure 2-2, one notices that for the hospitals in Yemen and
Ghana the performance of the medical equipment is clearly related to the degree of
complexity of the equipment. In those countries relatively more problems are
encountered for equipment of medium and high complexity than for the more simple
and robust equipment. By contrast, for Costa Rica we find that performance is rather
constant over the entire range of complexity. In other words, in Costa Rica, equipment
performance appears to be more or less independent of technological complexity. The
Costa Ricans somehow manage to cope equally efficiently with equipment of all levels
of technological complexity.
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Performance vs Complexity
Perf (%)
100%

Costa Rica
Sterilisers Only

90%
80%

Costa Rica

70%

All Categories

60%
Ghana

50%

All Categories

40%
Yemen

30%

Sterilisers Only

20%
10%
0%
1 (LOW)

2

3

4 (HIGH)

Level of Complexity

Fig 2-2 Performance of Equipment vs. Inherent Technological Complexity
(All hospitals included in sample)

Thus, the significance of the relationship between operational performance and inherent
complexity of equipment varies significantly between the three countries in this study.
This indicates the need to qualify the suggestions made in previous studies with regard
to complexity related performance. In certain situations some sort of a relationship
appears to exist between the operational performance of equipment and its
technological complexity, but in other circumstances this relationship does not exist or,
at least, it has different characteristics.

2.4.3 Degree of Equipment Standardisation
Previous studies have suggested that the lack of equipment standardisation, in terms of
the heterogeneity in brands and models, invariably leads to poor performance of
equipment. The equipment data collected in Yemen proved to be suitable for an
analysis of heterogeneity, as data on manufacturers and models was recorded in
sufficient detail. For Costa Rica and Ghana the available equipment data lacked the
details needed for an analysis of standardisation.
The existing literature does not provide a clear definition of standardisation, in terms of
numeric formulas. For the purpose of this study, the degree of standardisation is
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defined as being a function of two variables, namely the manufacturer and the model
(type) of the equipment:

(MOD-1) + (MAN-1)
STD = Degree of Standardisation = ( 1 - -------------------------- )
2 (QTY-1)
In which

QTY
MOD
MAN

= The number of equipment items in a hospital
= The number of different models in that set of equipment
= The number of different manufacturers for that set of equipment

Calculating the degree of standardisation in this way will produce a number between 0
and 1, indicating the degree of standardisation (STD). A highly homogeneous set of
equipment, for example 100 microscopes of the same manufacturer, all the same
model, would yield a STD value of 1. On the other hand, a highly heterogeneous set of
equipment from many different origins would be represented by a STD nearer 0. In the
above formulae, the spread in model and manufacturer equally contribute to the degree
of non-standardisation of a particular set of equipment items. The results from the
analysis are given in Figure 2-3.

Sterilisation Equipment in Selected Hospitals in Yemen (1993)
(PV)

(PV)

120

PV = Private Hospital

(PV)
PERFORMANCE (%)

100
80
60
40
20
Correlation Perf/Std = -0.64
0
0,0

0,2
Low <

0,4

0,6

0,8

DEGREE OF STANDARDISATION

Fig 2-3 Performance Related to Degree of Standardisation
(Data: Yemen, 1993)
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From this graphical representation it appears that better performers actually standardise
less. This is a remarkable finding, considering suggestions made in previous studies.
In other words, in terms of operational effectiveness of equipment, individual hospitals
who have standardised more than the average hospital, actually display a poorer
performance. Also, at least for the data of the Yemen sample, it appears that good
performers, which are mainly the private hospitals as well as the odd public hospital,
have acquired sets of equipment which are typically more heterogeneous than those in
the other hospitals. A comparison with Costa Rica and Ghana experiences would be
useful and would provide a more comprehensive picture. However, as mentioned
earlier, detailed data on standardisation for these two countries is presently not
available.

2.4.4 Equipment Obsolescence
Previous studies have also suggested that the degree of equipment obsolescence
would somehow be associated with its poor performance. The reasoning behind this
suggestion is that health care equipment in developing countries has often been
donated as used, or second hand, equipment by a variety of benevolent individuals or
donor organisations. Furthermore, previous studies on effective lifetime of medical
equipment lead us to believe that, generally speaking, health equipment managers in
developing countries assign a longer useful life to equipment than their colleagues in
industrialised countries do. Apart from advanced age, equipment can be declared
obsolete for technical reasons (e.g. incorporated techniques outdated) or on economic
grounds (e.g. cost-benefit considerations).
For the purpose of this study the
chronological age of the equipment is taken as a representative measure of equipment
obsolescence.
Normal wear and tear of equipment, while it is being used for its intended purpose,
contributes to increasing periods of down-time. For this reason most manufacturers of
equipment state the expected life time of their products, after which the user is expected
to replace the items. The American Hospital Association has published a document
which provides guidelines with regard to the estimated useful lives of depreciable assets
used in the operation of hospitals (American Hospital Association, 1983). The purpose
of this publication is to provide information relevant to depreciation accounting; the
accepted financial approach to recouping funds invested in tangible hospital assets.
The estimates provided on the economic or service life of hospital equipment are largely
based on information supplied by equipment manufacturers and interviews with
equipment managers in industrialised countries. The analysis which follows makes use
of some of the figures for 'recommended useful life' listed in this publication.
The sample from Yemen includes details concerning the age of each individual item of
equipment. For the samples from Ghana and Costa Rica this data is generally not
available. The data from Yemen lends itself for an analysis of age vs. performance.
From the available data on sterilisation equipment, those sub-categories were selected,
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for which the estimated useful life is specified in the above mentioned publication
(American Hospital Association, 1983), and for which a sample size of over 30 was
available. The results, listed in Table 2-4, confirm the general assumption that
operational down-time of equipment increases with age. At least, this is the case for
sterilisation equipment in Yemen. The analysis also shows, however, that for two of the
four sub-groups of sterilisation equipment, the average age is well below the
recommended maximum (autoclaves and built-in sterilisers).
Table 2-5 gives a more detailed picture of the age distribution of the sample. From the
analysis of the data we find that, for certain groups of equipment in Yemen, the average
age is well within the recommended useful lifespan, as specified by the American
Health Association. In examining the data in more detail, one finds that for the other
groups, i.e. sterilising ovens and water baths, the performance is actually higher,
despite the fact that a larger proportion of these groups of equipment is supposedly to
be regarded as obsolete.
In Costa Rica one hospital was visited 2, for the specific purpose of collecting data on the
age of their equipment. In order to have at least some data for comparison, the
inventory of all sterilisation equipment in this hospital was taken, with the objective of
comparing this data with the Yemen sample. A summary of the findings from both
countries is given in Table 2-6. The precise performance of the sub-group of the Costa
Rican sample is not known. However, there is reason to believe that the performance
of this sub-group is the same order of magnitude as the overall performance of the
hospital from which the sample has been derived, i.e around 85.3 percent. This
assumption is largely based on a point made earlier: in Costa Rica there is not much
difference between the performance of the steriliser sub-group and the total sample of
medical equipment. In addition the Costa Rican approach to equipment acquisition is
that procurement is highly centralised. As this has been the case for many years, one
can expect a limited variation in age of equipment between the different hospitals in the
country.
Summarising these findings, it appears that certain suggestions made in previous
studies, with regard to age-related performance, are not always valid. Admittedly, the
empirical data confirms that the older the equipment, the more operational problems are
encountered by the user (Table 2-4). However, at least in Yemen, certain groups of
equipment perform relatively well, despite the fact that they include large proportions
that are supposedly obsolete (Table 2-5). The findings further suggest that the
performance of a subset of equipment in one location in Costa Rica is significantly
better than the overall performance of a similar subset in Yemen, despite the fact that
the equipment in Costa Rica is considerably older (Table 2-6).
While bearing in mind that the available empirical evidence is limited, this leads one to
conclude that the degree of equipment obsolescence, for this study measured in terms
of the age of the equipment, appears to have a different impact on performance in
different locations.

2

Hospital Dr Calderón Guardia, Date of Survey: January 1994
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Table 2-4 Age Related Performance of Sterilisation Equipment (Data: Yemen 1993)
Sterilisation Equipment Recommended Sample
Sub-Group
Useful Life
Size
a
(Yrs)

Performance
(OK/Total)

Status

No.

Average
Age (Yrs)

Autoclave

20

42

52.4 %

OK
Down
Total

22
20
42

8.9
13.9
11.3

Oven, sterilising

10

60

71.7 %

OK
Down
Total

43
17
60

8.8
12.0
9.7

Steriliser, built-in

20

31

45.2 %

OK
Down
Total

14
17
31

10.4
11.8
11.2

Water Bath

10

53

54.7 %

(186)

(58.1 %)

OK
Down
Total

29
24
53

9.4
13.5
11.3

(Totals)
aAs specified in (American Hospital Association, 1983)

Table 2-5 Age Distribution of Sample (Data: Yemen 1993)
Sterilisation
Equipment
(Sub-Group)
Autoclave
Oven, sterilising
Steriliser, built-in
Water Bath
Totals

R.U.L.b
(Yrs)

Average
Age
(Yrs)

20
10
20
10
-

11.3
9.7
11.2
11.3
10.8

Age Distribution of Sample (Years old)
0-5

5-10

10-15

15-20

20-25

>25

5
5
6
7
23

16
30
6
10
62

11
17
15
25
68

6
6
1
6
19

1
1
1
5
8

3
1
2
0
6

Proportion
Obsoletec
9.5 %
41.7 %
9.7 %
66.7 %

bRecommended Useful Life; as specified in (American Hospital Association, 1983)
cAccording to (American Hospital Association, 1983)

Table 2-6 Comparison of Performance vs. Age of Equipment
Average Age
of Equipment

Performance
of Sample

Details of Sample

Yemen

10.8 Yrs

58.1 %

16 Hospitals,
186 Items of Sterilisation Equipment

Costa Rica

22.2 Yrs

~ 85-86 %

1 Hospital,
20 Items of Sterilisation Equipment
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2.4.5 Geographical Location and Size of Hospitals
Previous studies suggest that equipment performance is related to the geographical
location of hospitals in which the equipment is used. Likewise it has been suggested
that, for certain reasons, large hospitals, in terms of bed capacity and number of
patients, would perform better than smaller or rural hospitals.
Exploration of this relationship in the sample data is relatively easy on the basis of the
classification according to the organisational level of hospitals, as presented earlier:
National/Central, Regional/Provincial and District/Rural. These categories effectively
combine size, location and orientation of the hospitals into one variable. The
information in Table 2-7 has been derived from Annexes 2-2, 2-3 and 2-4, by
summation of equipment data from similar referral levels:

Table 2-7 Equipment Performance Related to Organisational Level of Hospitals

National/Central
Yemen
Ghana
Costa Rica

59.3 %
78.0 %
86.7 %

Regional/Provincial District/Rural
63.4 %
68.7 %
86.9 %

42.1 %
74.3 %
85.2 %

Observing the data in Table 2-7, one notices that location and size do indeed appear to
matter, but not for all countries. In Ghana it seems that the hospitals at national/central
level perform somewhat better than those at regional and district level. In Yemen it
appears that regional hospitals perform slightly better than national institutions. District
hospitals in rural areas in Yemen display a markedly poorer performance than health
facilities in urban areas. By contrast, hospitals in Costa Rica perform equally well, quite
independent from their orientation and location. In particular, it is striking that remote
rural hospitals in Costa Rica perform almost as well as large urban institutions.

2.4.6 Difference Between Public and Private Hospitals
A number of studies on the subject of medical equipment performance in developing
countries mention the striking differences between public sector health institutions and
non-government or commercial private institutions (for instance: McKie, 1987:37). This
Section analyses the available data and find out whether the empirical findings support
this argument. From the analysis of the equipment data listed in Annexes 2, 3 and 4,
one can deduce the degree to which the variation in performance is related to private
and public ownership. Table 2-8 summarises the findings. Yemen displays a
remarkable difference in performance between public and privately owned hospitals.
For Ghana this discrepancy also exists, but it does not appear to be as distinct as in
Yemen.
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Table 2-8 Ownership Related Performance of Medical Equipment

Public Hospitals
(All Levels)

Private Hospitals
(NGO's and Commercial)

55.7 %
74.1 %
86.4 %

94.1 %
84.9 %
n.a.

Yemen
Ghana
Costa Rica

Numerical data for private hospitals is Costa Rica is not available. Nevertheless, when
we consider the relatively high performance of the public sector hospitals (86.4 percent)
in Costa Rica, we must conclude that public ownership and good performance are not
necessarily incompatible. The findings on performance of public sector facilities in
Costa Rica casts doubt on the proposition that privatisation on its own would be an
effective solution to the problem of poor performance.

2.5 Conclusions
The analysis of the empirical data from three developing countries clearly indicates that
the extent of the 'problem', i.e. poor performance of medical equipment, varies
considerably from country to country. In an attempt to discover why these variations
exist, this Paper has examined some of the suggestions made in previous studies, with
regard to factors affecting medical equipment performance. Three technology-related
variables were examined, namely (i) the inherent complexity of medical devices, (ii) the
lack of equipment standardisation, and (iii) the degree of equipment obsolescence.
As far as the inherent complexity of equipment is concerned, it became evident that for
Yemen and Ghana this variable does have a distinct bearing on performance. For
Costa Rica, however, equipment complexity hardly seems to matter. With regard to a
possible relationship between the degree of standardisation, in terms of the number of
brands and models, and performance, it was found in the case of Yemen that good
performers appear to standardise less than poor performers. Contrary to claims made
in previous studies, this implies that aiming for equipment homogeneity would not
automatically bring about improvements in performance. As far as equipment
obsolescence is concerned, the evidence suggests that the age of equipment also does
not explain the difference in performance. More generally, it emerges that the
successful Costa Ricans have somehow managed to yield a high performance,
independent from a number of factors that prove to be important in the other two
countries in this study.
Furthermore, two hospital-characteristics related variables were investigated, namely (i)
the geographical location and size, and (ii) the type of ownership. It was found that
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geographical location and size of hospitals matters a great deal in Yemen and Ghana,
but it hardly influences performance in Costa Rican hospitals. With regard to the type of
ownership of hospitals, it was found that in Yemen, and to some extent also in Ghana,
this variable is clearly related to equipment performance, in that privately owned
institutions score higher than government facilities. However, the data from Costa Rica
suggests that the type of ownership is of lesser importance, as the public sector
hospitals perform rather well.
Summarising these findings, it appears that the technology-related variables, i.e.
complexity, standardisation and obsolescence of equipment, do not explain the variation
in performance between the three countries. While some of these variables do seem to
influence performance in certain circumstances in certain countries, none of them is
able to account for the striking differences in overall performance between poor and
good performers. However, it is interesting to note that there seems to be some
association between certain hospital-characteristics-related variables (i.e. geographical
location, size and ownership) and equipment performance.
As these variables are aspects of the context in which equipment is used, this suggests
that the contextual issue should be explored in more detail. A systematic comparison of
certain contextual variables may provide us with some answers towards a satisfactory
explanation regarding the variation in equipment performance between countries.
Paper 3, therefore, is concerned with the exploration of the immediate context of
structures and resources in which medical equipment is used.
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Annex 2-1 Introduction to Selected Countries in This Study
This Annex provides a brief introduction to the three countries contained in the
comparative study. The Table below lists a number of selected indicators, specifically
related to the population and the national economies.

Table 2-9 Selected Indicators for Selected Countries
Yemen

Ghana

Costa
Rica

Germany

Japan

Geography and People
Total Area [sq. km]
Population [millions]

528
13.0

239
15.8

51
3.2

357
80.6

378
124.5

Economy
GNP per capita (US$)
Avg. Ann. Growth 1980-92 (%)
Avg. Ann. Rate of Inflation 1980-92 (%)
Total External Debt (million US$)

300(a)
n.a.
n.a.
6,598

450
-0.1
38.7
4,275

1,960
0.8
22.5
3,963

23,030
2.4(b)
2.7(b)
-

28,190
3.6
1.5
-

Source: World Bank, 1994b (Data: 1992)
(a)1991 estimate, Source: (World Bank, 1992a)
(b)Data refer to the Federal Republic of Germany before unification

(a) Yemen
The Republic of Yemen, located in the extreme south-west of the Arabian peninsula,
was established in May 1990 with the merger of the Yemen Arab Republic (YAR; also
named North Yemen) and the Marxist People's Democratic Republic of Yemen
(commonly known as South Yemen). Earlier, North Yemen had become independent in
1918, from the Ottoman Empire, while South Yemen had gained independence from
Britain in 1967. A civil war broke out recently, in May 1994, between the unmerged
Northern and Southern forces. The conflict, which came about largely because of an
internal power struggle coupled with increasing tension over the distribution of
prospective oil revenues, ended in victory for the Northern forces, in July 1994. There is
no doubt that this conflict has seriously damaged the country's economy, already
weakened by the effects of the Gulf War. The current head of state is President
General Ali Abdullah Saleh.
With its low per capita income and poor social indicators the Republic of Yemen ranks
among the group of low-income economies. Scant rainfall and desert conditions in
many areas severely restrict agriculture, which is the main occupation of the inhabitants;
approximately 70 percent of domestic food requirements is produced locally. Most
manufactured products have to be imported. Whereas the northern city Sana'a is the
political capital of a united Yemen, the southern city Aden, with its refinery and port
facilities, is the economic and commercial capital. It is generally thought that future
economic development depends heavily on Western-assisted development of its
moderate oil resources.
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The health care system in Yemen consists of a large public sector and a sizeable
private sector. Two factors have had a significant impact on the current state of
Yemen's health service. One of them is the relatively late start of its socio-economic
development. National health and education programs were launched only after
political independence was gained in the 1960s. The other factor is the open and
market oriented society which, after unification of North and South, has permeated to all
governorates. Presently a dual system of health care exists, characterised by: (i) A
weak public sector, severely constrained by the current budgetary crisis, and (ii) A
prosperous private sector, which is largely self-financing. The private sector is
essentially curative and complements the public sector in areas where it is weak. The
Ministry of Public Health (MoPH) has overall responsibility for the health care system in
Yemen.

(b) Ghana
Ghana, formerly known as the Gold Coast, is situated on the Gulf of Guinea in Western
Africa, sandwiched between Côte d'Ivoire and Togo. In 1957 Ghana became the first
UK colony in Africa to attain independence under majority rule; in 1960, under a new
constitution, it became a republic. Since the mid-1960s Ghana has experienced long
periods of military rule, interrupted by short-lived civilian governments. A referendum in
April 1992 approved a new multi-party constitution, with political parties being allowed to
form legally from May 1992. The Fourth Republic was declared in January 1993 and
the present government was nominated by President Flt. Lt. Rawlings. The capital is
Accra.
Agriculture forms the basis of Ghana's economy; accounting for an estimated 70
percent of the working population. Principal exports are cocoa, timber and gold.
Principal imports are road vehicles, manufacturing equipment, petroleum and raw
materials. Since 1966 the Volta Dam at Akosombo has generated hydro-electric power
for the processing of bauxite. The plant meets most of the national electric power
requirements, while electricity is also exported to Togo and Benin. In 1983 the
government launched its four-year Economic Recovery Programme (ERP) to address
the massive balance-of-payments deficits and high inflation rate (116 percent in 1981).
The ERP is characterised by moves towards privatisation and relaxation of government
controls. While the Ghanaian economy remains heavily dependent on aid, the recovery
programme is said to have yielded impressive results.
The health services in Ghana are provided by government, private and traditional
sectors. The Ministry of Health (MoH) is the largest provider in the country with 46
hospitals, divided into 2 teaching hospitals, 8 Regional Hospitals and 36 District
Hospitals, in addition to the 250 rural health centres (World Bank, 1989b). The private
sector is divided between a number of religious organisations and private individuals. In
recent years there has been almost no new hospital construction. This is thought to be
reasonable in view of the Government's priority for rehabilitation investment, especially
at district hospitals, and the current under-utilisation of hospitals (World Bank, 1990).
There are plans for the restructuring of the MoH and the establishment of a National
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Health Service, as early as 1995. Increased emphasis is placed on the decentralisation
of health services by means of strengthening primary health care programmes (Ghana
MoH, 1994).
The health sector in Ghana is characterised by a major involvement of external donor
organisations, such as the World Bank, UNICEF, ODA (UK), USAID, UNFPA, the
African Development Bank, the WHO, and the Canadian, German, Danish and
Japanese governments. Despite major investments in the rehabilitation of physical
structures and capital assets, it appears that the problems of hospital management
have received very little attention, in particular the management of physical
infrastructure and equipment.

(c) Costa Rica
Costa Rica with its capital San José, is located in Central America, between Nicaragua
and Panama. During 1821 the country gained its independence, after it had been part
of the Spanish American dominions for nearly three centuries. An important event took
place in 1948, when the President abolished the Army. The current president, elected
in 1994, is José Maria Figueres Olsen.
Agriculture is the main industry in Costa Rica. In 1993 the economy grew at an
estimated rate of 6.5 percent, while the inflation had dropped to 9 percent. Increase in
agricultural production (mainly coffee and bananas), non-traditional exports and tourism
are responsible for much of the growth and the country's financial stability. Since 1982,
Costa Rica has reoriented its development strategy from import substitution to outwardoriented growth. With per capita income of US$ 1,960, Costa Rica ranks currently as a
middle-income economy. The key social indicators are comparable to those of highincome economies, which is largely the result of several decades of stable democratic
governments and extensive social programmes. Particular attention, in this respect,
has been given to primary and secondary education, health and social security.
During the 1960s and 1970s Costa Rica developed an effective health system that
placed the country among the best of middle income economies, in terms of extensive
curative health services combined with the implementation of essential preventive
programmes (World Bank, 1993a). For several decades the Costa Rican health system
has indeed served as a model in health care provision, especially for other Central
American Countries. As part of its long-term strategic view of public sector reform, the
government of Costa Rica has made a firm commitment to improve the efficiency and
quality of health care, within the constraints of available public resources. The InterAmerican Development Bank (IDB), as the main source of external financing, plays a
key role in this reform process.
Public health care to the population of Costa Rica is currently provided through 29
hospitals, 237 clinics and approximately 844 health posts. The health care system is a
composite establishment consisting of three organisations: the Ministry of Health, which
is responsible for health promotion, disease prevention and environmental health; the
Caja Costarricense de Seguro Social (CCSS - Social Security System), mainly
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concerned with health rehabilitation and health prevention programmes; and the
National Insurance Institute (INS), primarily dealing with occupational health
programmes. The CCSS is by far the largest health organisation in the country,
controlling almost 80 percent of public health resources (World Bank, 1993a). The
current tendency, as part of the development of a National Health Service, is to bring
together the MoH and CCSS and integrate their resources, operations and
programmes. The private health sector has limited facilities for outpatient services and
accounts for 16 percent of all visits to doctors. There are presently three private clinics
located centrally in San José with a total of 200 beds.
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Annex 2-6 Guideline for Assessment of Medical Equipment
Complexity (Using a Weighting System)
Equipment Name: .................................................

PART 1. MAINTENANCE AND CALIBRATION

Manufacturer:..........................
Model:.....................................

(40 POINTS)
Weight

Accessibility:
Safety:

More than 5 fixings used for the housing\ case
Fixings of different type (e.g. Length/Size of Screws)
Special Safety Precautions Needed to Service Equipment

Does Repair, Maintenance or Calibration require:
Special Materials (E.g. Washers, Seals) for Routine Maintenance
Soldering of Components (As opposed to Non-soldering)
Specialised Handtools for Repair and Maintenance
Service Manuals, Circuit Diagrams etc. (Essential for Servicing)
DVM, DFM and/or Oscilloscope
Specialised Test Equipment for Calibration and/or Maintenance
Special Skills (E.g Training at Manufacturer, Specialised Courses)

PART 2. INCORPORATED COMPONENTS

3
3
3
6
6
6
6

.....
.....
.....
.....
.....
.....
.....

1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
3
3
3

.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....
.....

2
2
2
3
3
4
4

.....
.....
.....
.....
.....
.....
.....

(30 POINTS)

Does the equipment comprise:
Passive Electronic Components (E.g. Resistors, Capacitors, etc.)
Batteries (For Calibration Signals, Power Supply, Memory, etc.)
Relay(s) and/or Solenoid(s)
Heating Element(s)
Electric Motor(s)
Electric Motor(s) with Brushes
Pump(s) Any Type
Pump(s) Oil Immersion Type
Moving Mechanical Parts and/or Bearings
Hydraulics (E.g. OT Table, Dental Chair, etc.)
LED or Lightbulb Display
Analogue Display(s)
Digital Display(s)
Optics (Lenses, Mirrors)
Internal High Voltage Section
Active Analogue Electronic Components (E.g. Transistors, Op-Amps)
Active Digital Electronic Components (IC's \ Logic Circuits)
Non-User-Programmable Microprocessors (uP's), ROM, RAM, PROM
User Programmable Microprocessors, Memory Chips
TV Screen (CRT)

PART 3. OPERATOR COMPLEXITY

2
2
3

Weight
Assigned
.....
.....
.....

(20 POINTS)

More than 5 External Controls (Dials, Knobs, Switches, Etc.)
More than 10 External Controls
Hand Detachable Cables (E.g For Power Supply or Attachments)
Detachable Battery Covers
Detachable Fuse Holders
Special Safety Precautions Required to Operate Equipment
More than one Operating Mode

PART 4. AUXILIARY SUPPLIES AND CONNECTIONS (10 POINTS)
Water
Steam
Electricity AC or DC
Rechargeable Battery
Gas (Butane or Medical Gas)
Solar Powered

1
1
2
2
2
2
Total
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The Development of Health Care Technical Services

3.1 Introduction to this Paper
It is generally thought that the environment, or context of structures and resources, in
which medical equipment is acquired and used, largely determines its operational performance. This Paper outlines and examines this context and focuses on the widely
adopted concept of Health Care Technical Services (HCTS), i.e. the support system for
the management, i.e. acquisition, use and conservation of medical equipment. Having
developed this HCTS-concept, this Paper proceeds with comparing individual HCTS
systems of three developing countries.

3.2 The HCTS Concept
3.2.1 Introduction: The Five Components of the HCTS System
McKie introduces the Health Care Technical Services (HCTS) concept to describe the
infrastructure and manpower needed both at the level of the medical centres themselves, as well as at regional and central level (McKie, 1987). He observes that, in reality, the organisation of health sectors, and therefore also the organisation of their technical support services, varies from country to country. Advising developing countries on
a single pattern for their HCTS would therefore be of little use. This viewpoint, regarding the diversity in HCTS systems, is confirmed in the 'Nicosia Paper' on maintenance
and repair of health care equipment (WHO, 1987).

HCTS
Financial
Resources

(HEALTH CARE
TECHNICAL SERVICES)

Manpower
Resources

MEMS
(MEDICAL EQUIPMENT
MANAGEMENT SYSTEM)

Logistics
Support

Foreign Aid

Infrastructure &
Organisation

Fig 3-1 The HCTS Support System
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Figure 3-1 gives a representation of the five HCTS components having an impact on the
equipment management system. The HCTS-concept primarily concentrates on institutional infrastructure, organisation, human resources development and financial and logistics support as components of the managerial support system. In addition, the availability of foreign aid, in terms of material and financial resources, as well as the influx of
foreign expertise, proves to be of crucial importance to the development of the HCTS.
For the purpose of this Paper, the HCTS concept will be redefined and extended into a
'systems' concept. Consequently, in subsequent sections of this Paper, the 'HCTSsystem' will be referred to as meaning the immediate context of structures and resources in support of the acquisition, use and conservation of medical equipment. Referring to Figure 3-1, the HCTS-system will be regarded as consisting of the following
components:
(i) Indigenous contextual components
(a)
(b)
(c)
(d)

Institutional Infrastructure and Organisation
Manpower Resources
Indigenous Financial Resources
Logistics Support

(ii) External contextual component
(e) Foreign Aid
The 'external' foreign aid component has been listed along with the 'indigenous' components, as integral part of the immediate context in which medical equipment is used.
With regard to these five components, previous studies, such as those mentioned earlier in this Section, often refer to a series of specific issues which would need to be addressed in order for equipment to be used effectively. These issues often concern specialised operational units, at the various levels of the HCTS hierarchy. On other occasions these issues concern specific organisational characteristics and activities related
to the functioning of the HCTS. The following Sections 3.2.2 to 3.2.6 outline these individual components of the HCTS-system.

3.2.2 Institutional Infrastructure and Organisation
In the three countries included in this study, the infrastructure and organisation of the
technical services within the HCTS-system is intended to function as a referral system,
much like medical services themselves do. The diagram in Figure 3-2 represents the
basic structure of a HCTS organisation with technical services developed at central,
regional and local level. The framework for describing and assessing the institutional
infrastructure and organisation will deal separately with each of these levels.
With regard to the central level of the HCTS hierarchy, McKie (1988) advocates that
every Ministry of Health should establish a specialised department within it, charged
with carrying out the overall managerial and technical functions associated with the
maintenance and repair of health care equipment throughout the health care system.
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Central Level
Technical Services
á
â
Regional Level
Technical Services
á
â
Local Level
Technical Services

Fig 3-2 The HCTS Referral System

In recent years one finds that the phrase 'maintenance and repair' gradually makes
place for the more comprehensive term 'equipment management'. This indicates that
increasing attention is being given to a broader set of issues, than purely the upkeep of
an existing stock of equipment.
An often quoted phrase by Dr Bloom (1989:7), with regard to required organisation, is
that in every Ministry of Health there should be a unit with a capacity to give a strong
lead in the creation of an equipment service. The same applies to Health Departments
within private organisations. Kumar, in the same publication, goes on to say that an
equipment management unit should be set up in each Ministry of Health under a qualified biomedical engineer. Such a unit would be responsible for overseeing and organising routine preventive maintenance and major repairs by using a mixture of in-house
(public sector) and private sector facilities. This unit should also draw up both technical
and functional specifications for equipment that is to be procured. One of the functions
of this section within a health department, would be the formal division of equipment
maintenance between in-house facilities, private sector and suppliers.
Several studies suggest, however, that very few developing countries have established
effective Equipment Management Units at central and regional level. The consequence
of this is that certain key aspects of equipment management, such as procurement and
staff training are also poorly organised. With regards to the public health sector, McKie
(1989:19) states that mismanagement of equipment starts in the health ministries and
spreads through the offices of regional health authorities, hospital boards and hospital
directors. Partly as a result of this, various NGO's have endeavoured to establish
Health Care Technical Services at the regional and provincial level, which often operate
quite effectively. The framework for assessing the HCTS-system in each of the three
countries gives considerable attention to the extent to which the centralised system has
been developed.
Evidence suggests that, in the poorest countries, medical equipment manufacture virtually does not exist (Bloom and Temple-Bird, 1988: 4-18). Production of hospital supplies is often limited to the production of basic hospital furniture, such as beds, bedside
lockers, wooden cabinets, etc. In certain countries equipment has been developed

3

The Development of Health Care Technical Services

which makes extensive use of alternative energy sources; examples of these are solar
hot water heaters, wind generators and basic baby incubators with a variety of energy
sources. In the three countries included in this study there is no significant competing
local market for the production and supply of medical equipment of medium and high
complexity.
However, in addition to the technical service system within the public health sector,
there exists a commercial sector supplying equipment support services to the public
health sector. Commercial private enterprises in the medical equipment sector in developing countries can broadly be divided into two categories: (i) suppliers of equipment,
manufactured in industrialised countries, and (ii) suppliers of equipment services. Most
private enterprises combine supply and servicing. Equipment services supplied by local
agents include the installation of equipment and the maintenance and repair of equipment and plant, the latter usually on contract basis. The commercial medical equipment
support sector is potentially of great importance to any public sector HCTS as, at least
in theory, a substantial proportion of the existing stock of medical equipment is most
effectively serviced by specialised private enterprises. Furthermore, when equipment is
purchased, maintenance contracts and staff training are often part and parcel of the
deal. In reality, there are many examples of situations where after-sales service provided by private companies turns out to be disappointing. However, as will be argued
later, this is often due to shortcomings in the original purchase contract with suppliers.
It appears that the extent to which the private sector is involved in the public sector
technical services varies considerable between the three countries.
The regional level technical services constitute the first level of support for the local
level units, i.e. the technical services within individual health facilities. They also provide the administrative and operational link between the local and central level. In some
countries, where the regional level technical services are strongly developed, these regional services tend to take over activities and responsibilities which could alternatively
be handled by institutional and central level services.
The HCTS at the local level, i.e. at the level of the health facilities, ideally comprises
specialised units, or collection of units, for the maintenance, calibration and testing of
medical equipment. According to specific country studies, such units consist of equipment maintenance workshops with appropriate tools and service equipment, a section
where the equipment inventory is kept, and a planning unit for the programme of work.
These units can be subdivided into smaller sections, each one taking care of a subgroup of equipment (e.g. mechanical vs. electronic equipment).
These considerations provide the basis for a structured description and assessment of
the 'strength' of the institutional infrastructure and organisation at the central, regional
and local level in the three countries. The description and assessment of individual
countries focuses on the aspects listed in Table 3-1.
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Table 3-1 Components of the HCTS Institutional Infrastructure and Organisation (Proposed)1

1 Administration
& Organisation

2
Provision of
Information

CENTRAL LEVEL

REGIONAL LEVEL

EQUIPMENT MANAGEMENT UNIT
(EMU)

REGIONAL ADMINISTRATIVE
UNITS

INSTITUTIONAL / LOCAL LEVEL
INSTITUTIONAL ADMINISTRATIVE UNITS

The EMU at the level of the Ministry of
Health, its functions being: equipment
policy formulation, budget planning,
equipment acquisition, equipment service facilities planning, manpower and
logistics planning (transport, communication, storage)

Units for the administration of
matters related to equipment
management at regional and
institutional level

Units for the administration of
matters related to equipment
management at institutional
level

NATIONAL INFORMATION CENTRE

REGIONAL INFORMATION
CENTRES

INSTITUTIONAL INFORMATION CENTRE

Units where an up-to-date inventory of assets is kept, as well as
(copies) of equipment manuals
and reference documentation

Unit where an up-to-date inventory of assets is kept, as well as
(copies) of equipment manuals

Unit where an up-to-date inventory of
assets is kept, as well as information on
equipment, technical innovations, reference materials, manuals, guidelines,
standards, teaching/training materials
(textbooks, etc.)
STAFF RECRUITMENT UNIT

3
Staff
Recruitment

4
Staff
Training

5
Technical
Services

Unit dealing with staff recruitment and
staff promotion
STAFF TRAINING UNIT

REGIONAL TRAINING UNITS

Unit concerned with the development
and coordination of equipment-related
training programmes for technical,
medical and para-medical staff

Units for the training of personnel
dealing with equipment operation
and maintenance (users and equipment technicians)

NATIONAL EQUIPMENT SERVICE
CENTRE

REGIONAL EQUIPMENT SERVICE CENTRES

INSTITUTIONAL EQUIPMENT
SERVICE CENTRES

This unit operates as a national referral
centre, and is concerned with the calibration, testing, maintenance and
repair of equipment. Determines formal
procedures for collaboration with the
private equipment sector

Specialised units for equipment
maintenance, repair, calibration
and testing. Operates as the first
referral level for individual hospitals and health centres

Units for the maintenance, calibration and testing of medical
equipment

CENTRAL PROCUREMENT UNIT
6
Procurement

Concerned with the selection and acquisition of medical equipment, replacement parts, disposables and service
and test equipment. Determines the
formal procedures for transactions with
the private equipment sector

1 All elements of the HCTS Organisation are not always applicable for a given situation, e.g. for NGO's
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Annex 1-a provides a list of so-called 'assessment questions' for individual country
situations. These assessment questions are based on the summary of key aspects as
listed in Table 3-1. In order to permit an inter-country comparison at a later stage in this
Paper, the extent to which each of these aspects has been developed will be assessed
in terms of a five-point scale. The assessment of the 'strength' of the institutional infrastructure and organisation includes the assessment of the extent to which the private
equipment sector is involved in public sector equipment conservation.

3.2.3 Manpower Resources
With regard to the development of human resources for the HCTS, the existing literature
tentatively suggests a number of issues of importance, which are mainly associated with
quantity and quality of staff, as well as with certain employment conditions. These aspects are:
(a)
(b)
(c)
(d)
(e)

Manpower in terms of quality
Manpower in terms of quantity
Staff remuneration and career prospects
Staff retention schemes
Training capacity and course certification

Largely based on references in the literature and on existing studies, each of these aspects is discussed below in more detail.
(a) Manpower in Terms of Quality
Successful management of physical resources requires technically competent staff of a
certain calibre who are adequately trained and experienced in the management of
health-care equipment. McKie (1987:59) advocates that Ministries of Health should
quantify the development of the technical service in terms of manpower, and arrange
the necessary recruitment, education and training. He proceeds by saying that the division between training responsibility and service responsibility is a common source of
problems, but that it is nevertheless imperative that service and training are interlinked.
In the same publication, which is a result of the inter-regional meeting of health care
technical experts held in Nicosia, one finds the recommendation that a HCTS requires
staff who can be described in three broad categories. These three types of technical
staff are summarised by Bloom (1988) as being:
Type A staff, who require a high level of craft skills involving the use of mechanical hand and powered tools. They are able to maintain and repair the simpler
equipment and to undertake many of the tasks which form part of a regular PPM
schedule.
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Type B staff, who have significantly more training in technical skills. They undertake the more complex tasks as well as supervising type A staff.
Type C staff, who are managers with an engineering or technical background.
These people will be involved in overseeing the development of the equipment
service, in negotiations with manufacturers, and in monitoring the quality of work
in the service.
The Nicosia paper essentially states that an effective HCTS in a developing country
must have a balance of type A, B and C staff.

(b) Manpower in Terms of Quantity
The Nicosia paper indicates the difficulty of specifying precise numbers for HCTS staff.
Apparently, much depends on the amount of equipment in a country and in how many
different establishments these items of equipment are located. Another consideration is
to what extent manufacturers are responsible for the maintenance of the more complex
equipment. Manpower requirements are thought to be extremely difficult to estimate,
but might be assessed roughly by comparison with countries at an equivalent stage of
socio-economic and health services development (GTZ, 1990:37).
For the purpose of this study the actual number of engineers and technicians of the
HCTS in the three countries will be taken as item for comparison.
(c) Staff Remuneration and Career Prospects
The consensus of opinion of health workers, as described in the Nicosia paper, is that
within the HCTS a formal structure needs to be in place for the development of human
resources, with career development made possible and career progression facilitated
for the high performers. The employer is to set the standards and the appropriate rewards. It is further recommended that a uniform structure of grading is put in place.
Several sources mention the need for promotion based on achievement rather than on
seniority as is the case in the public sector of many developing countries. The payment
of staff must at least partly be based on incentives and there should be a periodic comparison with salary scales of technical employees in other public service sectors.
(d) Staff Retention Schemes
A general problem in the public sector of most developing countries is the failure to retain technically skilled staff. Privately owned health institutions are often hampered by
the same problem, especially when wages for staff are determined by government
regulations. Enticed by higher wages offered by the commercial sector or by employers
in neighbouring countries or overseas, technicians and engineers are often subjected to
the temptation of leaving their current employment. McKie (1987:59) attributes this par-
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ticular problem to the lack of sufficient financial reward and to the absence of career
prospectives. In some cases, NGO's (such as church organisations) have the adva ntage of being able to offer incentives or rewards to employees, which are not strictly of a
monetary nature.
In addition, within the HCTS an important issue appears to be whether staff are able to
use their skills after extensive training overseas, or whether they are frustrated shortly
after returning to their jobs in the local health service.
(e) Training Capacity and Course Certification
Bloom suggests a comprehensive list of skills related to equipment management, for
which training is required (Bloom, 1988). These skills include (a) selection of equipment, (b) writing and adjudicating tenders, (c) procurement, (d) operation of equipment,
(e) maintenance of equipment, (f) equipment management. In his opinion the capacity
and competence should be in place, either locally or externally, to provide instruction in
these areas. Mallouppas emphasises the need for training of national staff from managers to engineers and technicians, as well as users (Mallouppas, 1988). A number of
developing countries have indeed developed National Training Centres, some of which
are used as Inter-country Training Centres, sponsored by the World Health Organization and other international aid organisations.
The Campinas Report specifically addresses the issues of training and manpower development, as it outlines the required training for technicians, users and trainers themselves (WHO, 1990). The emphasis is on identifying the necessary training requirements of the medical and paramedical staff. The Nicosia Paper makes a suggestion
with regard to required numbers of trainers and trainees. A scheme to train type B and
C staff would require a minimum of about 12 professional staff (full-time) and should
have about 60 students, indication a potential output of 25 trainees per annum. However, much will depend on the size of the country and the quantity and condition of the
national stock of equipment.
In the absence of specialised Training Centres or in addition to them, the development
of basic skills, applicable to medical equipment services, can to some extent be provided by the national education system. In practice one will need to look at the technical training provided by various technical institutes, from Vocational Training Centres to
Universities. Mallouppas stresses that one needs to investigate and determine the
available potential of local technical training institutions in providing training support in
the field of maintenance and repair of health care equipment. He goes on to say that
links between Regional Training Centres need to be established. In addition training by
manufacturers and suppliers of equipment is regarded as an important source of skills
development.
Formal certification of in-country technical training courses for medical and paramedical
staff provides a potential incentive for employees. McKie (1987) emphasises that in
order for a training scheme to be successful in producing the right quality and quantity
of staff it is necessary that the assessment of merits leads to a degree, diploma or cer-
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tificate, which in turn will guarantee an appropriate monetary award for graduates, which
is meaningful in a national context.
The above considerations provide the basis for a structured description and assessment
of the 'strength' of the manpower resources within the HCTS of the three countries. The
description will focus on five specific aspects which have been listed in Annex 1-b. A
five-point scale will again be applied in order to enable comparison of this contextual
aspect between countries.

3.2.4 Indigenous Financial Resources
Effective use of medical equipment requires that monetary investments are made both
in the area of equipment renewal, as well as in equipment maintenance and repair.
Existing literature proposes various suggestions as to what financial resources should at
least be available to sustain an effective equipment management system. The consensus is that, quite independent from the state of development of a country, there is a crucial need for government health departments to allocate a budget for the sustenance of
their fleet of equipment, either in absolute terms or as a percentage of the national
health budget. This budget must cover capital investments as well as operational expenditures, such as staff, transport, rental of premises, and include a realistic allocation
for maintenance activities. It is generally recognised that, in order to ensure high
equipment performance, substantial periodic financial inputs are needed for stock replacement as well as for the maintenance of existing assets.
McKie argues that Ministries of Health in developing countries should adopt policies for
financing their equipment. The same principle applies to the privately sector. The
equipment budget must be sufficient not only to purchase but also to maintain the existing equipment. He concludes by saying that "...in no case should the fraction of
available resources spent on purchase of equipment exceed 70 percent of the available
financial resources". He adds that such a policy must equally apply to international
agreements (McKie, 1987:57).
In a recent publication by the World Bank it is suggested that, for medical equipment
maintenance, no less than 10 percent of the replacement value of the capital stock of
equipment might be considered optimal (WDR, 1993:138). A technical report for the
United Kingdom's health service suggests that equipment maintenance costs 6-10 percent of the capital value per year (HSSC, 1984). Assuming a mean life of equipment
between 6 and 10 years, this would imply that the annual cost of keeping equipment
operational would be 16-25 percent of the capital value. Metha provides an estimate for
India, indicating that maintenance costs 10-15 percent of the capital value per year
(Metha, 1983). With regard to the evaluation of country situations, Bloom considers the
key question to be whether figures are available which represent a rough estimate of
the annual expenditure required for maintenance and capital replacement. He suggests
that, at a conservative estimate, the cost of providing an equipment service is unlikely to
be less than 15 percent of the capital value of the stock (Bloom, 1989:3).
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The above exploration of the literature provides the basis for the systematic description
and assessment of this contextual component of the HCTS system. The resulting assessment tool for the HCTS indigenous financial resources is given in Annex 1-c.

3.2.5 Logistics Support
The HCTS-related literature refers to 'logistics support' as the facilities and procedures
for the transport of personnel and communication between personnel. Other issues
frequently included under this heading are the supply, storage and distribution of
equipment, as well as tools and replacement parts for equipment. For the purpose of
this comparison study, logistics support will be interpreted somewhat broader than literature would suggest. With regard to logistics support for a HCTS, this study will concentrate on the following key aspects, and regard them as representative for a broad
range of logistical issues:
a. National (Public) Telecommunication System
The quality and coverage of national communication systems largely determines the
easy with which equipment managers and technical staff are able to communicate.
Although, strictly speaking, the national communication system is not to be regarded
as integral part of an HCTS, for the purpose of this study these national parameters
are used as item for comparison.
b. Communication, Transport and Distribution System within the HCTS
Key features for comparison include the ease and speed of communication between technical and administrative staff, transport of personnel, and the efficiency of acquisition and distribution of goods.
c. National Information System
Previous studies generally recognise the importance of national information systems capable of receiving, assimilating and disseminating technical information
to and within the health sector (Mallouppas et al., 1990:3). Besides a comprehensive equipment inventory, this equipment-related information includes operator- and maintenance instructions, guidelines related to recommended replacement parts for equipment, general manufacturers' information and equipment codes. The extensive use of Information Technology potentially facilitates
an effective information exchange between equipment managers.
Based on the above observations, Annex 1-d presents a number of key features, together with their associated classification system. The way in which the three countries
will be described and assessed is equivalent to the way in which previous contextual
components are evaluated.
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3.2.6 Foreign Aid
Externally funded equipment-related programmes can broadly be divided into two categories. The objective of these programmes is either to expand the existing stock of
equipment, or to improve facilities and indigenous capacities and competences in the
areas of equipment management and use. Many small scale assistance programmes
appear to be of either type, however some of the more comprehensive aid packages
incorporate both the element of straightforward stock renewal and the development of
indigenous capacity to maintain and operate effectively. An example of the latter approach is the equipment rehabilitation programme which is currently taking place in
Ghana. International development banks and a number of government agencies have
jointly embarked on a comprehensive equipment-related aid programme which includes
both elements of stock replacement and indigenous skill development.
Equipment aid programmes for health sectors in developing countries are typically intermittent, in the sense that aid is usually made available periodically and often in response to crisis situations. Presumably due to poor indigenous capacity and competence to utilise equipment effectively, many poor performing or less developed countries
resort to ad hoc foreign assistance programmes, in an attempt to alleviate the immediate problem of equipment ineffectiveness. Because of this intermittent and fluctuating
nature of equipment aid, it is rather hazardous to project current financial equipment aid
inputs as being an indicator of on-going foreign assistance to this sector. To take the
current equipment aid input from external sources as a sole indicator would for this reason be rather inaccurate.
Apart from specific equipment aid, this Paper takes the general figures on Official Development Assistance (ODA) as a measure of external aid relevant to the development
and strengthening of the HCTS in the three countries. The justification for doing so is
that foreign aid, regardless of which sector of government it applies to, will somehow
also benefit the health sector and the HCTS within it. Directly or indirectly education,
infrastructure development, social security and welfare etc., all have a bearing on the
performance of the health sector and elements thereof. The total health sector specific
aid flow in relation to total health expenditure serves as a third criteria for determining
the strength of the foreign aid factor. These three key features form the basis for the
assessment tool, shown in Annex 1-e.
The figures used in this study, expressing foreign aid in purely monetary terms, do not
reflect variations in the way in which different countries have put foreign resources to
use. At a later point in this study it will therefore be necessary to analyse in greater detail the way in which equipment aid is being, and has been, managed. It also seems
relevant to try and determine the extent to which indigenous health authorities and
equipment managers have been actively involved in foreign assistance programmes.
The discussion on these 'qualitative aspects' of using foreign aid will be continued at a
later stage.
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3.3 A Comparison of HCTS Systems in Three Developing Countries
3.3.1 Methodology
Thus far this Paper has described the key elements of the HCTS-concept, being (i) institutional infrastructure and organisation, (ii) manpower resources, (iii) indigenous financial resources, (iv) logistics support, and (iv) foreign aid. Now that this HCTSconcept has been outlined and defined in some detail, it will be interesting to look at
several developing countries and observe how each one has put in place a particular
'context' for the support of their equipment management system. In order to facilitate
such country comparison this Paper has also developed a series of assessment questions related to the individual constituents of the context. These assessment questions
are attached as Annex 1 (a to e).
After a concise description of individual country situations in Section 3.3.2, the assessment criteria are applied as a tool for summarising these descriptions. The results of
the inter-country evaluation and assessment are then expressed as 'scores' on a
graded scale. These scores, i.e. numeric representations of the different contextual
elements, provide the basis for the comparative analysis on which the findings and conclusions are based.

3.3.2 Description of HCTS Systems
3.3.2.1 Major Programmes for HCTS Development
Paper 2 (Annex 2-1) provides a general introduction to the three countries included in
the comparative analysis. These countries, being Yemen in the Middle East, Ghana in
West Africa and Costa Rica in Central America, are extremely diverse in terms of the
way in which their HCTS systems have developed. Before embarking on a comparative
analysis, this Section will first provide some insight into special programmes which have
had a major impact on the performance of medical equipment. In addition to the ongoing operation and gradual development of their HCTS, some countries have intermittently implemented major, usually externally funded, programmes to establish or improve their HCTS. The discussion on the evaluation and assessment of the countries,
which follows hereafter, will to some extent reflect the effect of these special programmes or projects. For the three countries in this study these programmes have
taken the following form:
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a. Costa Rica: The SIMSS Programme
During 1985, the Ministry of Health in Costa Rica, in cooperation with the Social Security Department (CCSS), launched a project for the management of physical resources,
called Integrated Maintenance System for Health Care Services (SIMSS). The SIMSS
project, jointly financed by the Inter-American Development Bank (BID) and the Costa
Rican government2, had an initial duration of two years. The programme covers the
organisation of the equipment maintenance services, the training of personnel, and the
development of an equipment information system. It is interesting to note that the implementation of the programme was largely carried out by Costa Rican health authorities and not by foreign experts. The total duration of BID financing was three and a half
years. The project, guided by the SIMSS Inter-Institutional Commission and with technical support from the WHO/PAHO 3, achieved its objectives and at the end of the period
of financial support from the BID in December 1988, it became an institutional programme. Financial support from BID continued with additional support from the Dutch
government4 as well as other sources. The SIMSS programme continues to operate at
three levels: Central, Regional and Local, and has 844 employees (1990). It covers the
following areas of activities: management and administration, information system including maintenance indicators, development of safety norms and regulations, strengthening of maintenance capabilities at the local health systems (SILOS), training including
continuing education, production of technical manuals and training materials. SIMSS is
officially recognised by the relevant national authorities and as a result the certificate
facilitates career development and is also an important incentive for technical personnel. Due to its apparent success in equipment conservation, the SIMSS project now
serves as a model, especially for a number of countries in Central America.

b. Ghana
With regard to special programmes for improving the HCTS in Ghana, the initiative was
originally taken by non-governmental organisations, rather than by the government. By
the end of the 1970s the Christian Health Association of Ghana (CHAG) recognised that
the poor state of the equipment in health institutions was a major contributor to the poor
quality of health care delivery. In 1980 the Catholic Diocese of Kumasi started a project
that later came to be known as Hospital Engineering Services (HES). As such, during
the 1980s, a total number of five regional service centres, for the repair and maintenance of medical equipment in NGO hospitals, were established.

2 Initial investment US$ 926,000 of which US$ 741,000 BID contribution and US$ 185,000 Government
3 World Health Organisation/Pan American Health Organisation
4 Regional Project by Dutch Government: Total US$ 150,000 for each Central American country (1993..1995)
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Table 3-2 Major Medical Equipment Related Programmes in Ghana (1995)
Agency

Name of Project

Key Features

British ODA

Hospital Equipment
Supply and Repair
Project

Provide medical equipment to hospitals and
health centres in southern and central regions
Development of institutional equipment
service workshops at the major teaching
hospitals
Short overseas training courses for a number
of Ghanaian employees
Supply of vehicles

The World
Bank

Health Services
Strengthening Project

Provide medical equipment to hospitals in
northern regions
Establishment of four equipment service
workshops
Supply of vehicles
Overseas training for one Ghanaian employee

African Development Bank

Health Sector Rehabilitation Programme

Provide medical equipment to teaching hospitals
Establishment of one equipment service
workshop

Catholic
Church
(CHAG)

HES Programme

National programme for the maintenance
and repair of equipment in the Catholic hospitals. Regional centres in Kumasi, Damongo, Duayaw Nkwanta, Dzodze and Asin
Fosso

Presbyterian
Church

HTU Programme

Maintenance and repair of hospital equipment
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A recent paper by the Ghanaian Ministry of Health states that over the years the government has essentially overlooked the need for technical back-up services, which were
required to accompany the increasingly complex technology incorporated in medical
devices (Asman, 1994). It was not until the mid 1980s that the British Overseas Development Administration (ODA), in an effort to build up management and improve facilities
at the two major teaching hospitals, undertook the physical rehabilitation and reequipping of these major equipment repair centres (Porter, 1992a). Currently there are
several international agencies directly involved in the development of a national equipment management system. The most significant on-going programmes during the period 1988-1995 are listed in Table 3-2.
Although details of specific aid programmes are yet to be discussed in this study, it is
generally recognised, both by donors and recipients, that the objective of current aid
programmes is to solve the 'equipment problem' in the short term. Indeed, the main
component of all major aid initiatives is concerned with large scale equipment replacement, as a means to achieve the goal of improving overall equipment performance.
c. Yemen
In contrast to the other two countries, Yemen has had no major programmes specifically
aiming at the alleviation of the medical equipment problem. The initiative for a modest
technical assistance project was jointly taken during the late 1970s by the Dutch government and the World Health Organization. Three foci of activity, being equipment
service centres, have been established, with foreign experts in charge (Porter, 1985).
However, with the departure of the last foreign expert in 1990, the project has more or
less come to a standstill. The chronic lack of equipment management expertise in the
health sector in Yemen is also referred to in a recent country assessment by The World
Bank (1992a). This report explains that under current circumstances it is often less difficult for health officials in developing countries to purchase new equipment, rather than
to maintain the existing stock; although the latter would be more cost-effective.
A relatively successful venture was started by UNICEF, in support of their national vaccination programme. The 'Cold Chain' equipment service centre in the capital city
Sana'a, staffed by an expatriate engineer, takes care purely of the refrigeration equipment which is used for this Primary Health Care programme.
3.3.2.2 Brief Description of HCTS Components
This Section provides a brief description of the individual components of the HCTS
systems in the three countries. For a full description of the three countries refer to a
recent publication by the University of Sussex (Remmelzwaal, 1996).
With regard to infrastructure and organisation the three countries display a great variety
in their approach to setting up required structures and resources for their medical
equipment management systems. Both Yemen and Ghana appear to have put in place
a system which is characterised by a poor central level organisation. The emphasis in
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these two countries has been on the development of in-house capacity for equipment
services in the major health institutions, i.e. the teaching hospitals and major regional
hospitals. Rural hospitals, in both countries, are faced with a chronic lack of access to
technical support services. By contrast, Costa Rica has developed a strong central
system for the management of their national stock of equipment. A crucial step in the
development of the medical equipment support services in Costa Rica, has been the
launch of the SIMSS project, which has been outlined earlier. The establishment of this
SIMSS programme has led to the introduction of a special department at the Social Security Department (effectively the executive branch of the Ministry of Health), for equipment management. In comparison to the other two countries this equipment management unit is very well developed.
In Costa Rica, the SIMMS programme, described earlier, effectively coordinates and
regulates staff development. In Yemen and Ghana there does not exist such an established programme for manpower development. This discrepancy between the countries
is clearly reflected in the description of quantities of employees in the medical equipment sector. The numbers of technical staff employed by the public health sector, specifically for equipment management, are given in Table 3-3.

Table 3-3 Numbers of Technical Staff employed in the HCTS
(Per 1,000 Hospital Beds)

Yemena

Ghana b

Costa Ricac

Type C (Engineers)

1.7

0.4

4.2

Type B (Technicians)

5.2

2.4

20.5

aSource: CSO Statistical Yearbook 1992: Total 8,150 Beds in 75 Hospitals
Remmelzwaal, 1993: Total 14 engineers and 42 technicians between North and South Yemen
bSource: World Bank, Staff Appraisal Report 1990: 5 Engineers, 33 Technicians, Hospital Beds: 14,000
cSource: PAHO 1991: 6,382 Beds/29 Hospitals. Staff: 27 Professionals and 131 Technicians

The availability of financial resources for the medical equipment support sector is largely
determined by whether equipment management is being recognised at the highest level
of a Health Department. The fact whether programmes for manpower development,
equipment replacement and equipment conservation are likely to be initiated and fi nanced will, in practice, depend on whether such intentions are clearly reflected in a
government health policy. Incorporation of such specific statements in a national policy
may facilitate that, in addition to regular budgets, extra-budgetary funds, either from indigenous or foreign origin, will be made available. An immediate problem presented
itself, in that these figures were not readily available for any of the countries investigated. In addition, especially for Yemen, figures were not readily available for budget
allocations for equipment acquisition and maintenance.
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Table 3-4 Medical Equipment Indigenous Financial Resources

Yemen
(1993)

Ghana
(1994)

Costa Rica
(1994)

62m$

65m$

195m$

Total Annual Government Budget
for Equipment Renewal

0.5-1m$

1m$

16.6m$

Total Annual Government Budget
for Equipment Maintenance &
Repair

0.5-1m$

1.7m$

4.7m$

Total Replacement Value National Stock of Medical Equipment

The figures given in Table 3-4 therefore had to be derived from many different sources,
including unpublished government reports and case studies by various external consultants.
Unless otherwise specified, the current replacement value for the national stock of
equipment, in Table 3-4, is based on available information from the MoH's concerned.
In other cases interviews with health authorities and foreign consultants in those countries contributed to the estimates. In all cases the figures for equipment replacement
and maintenance do not include personnel cost.
Logistical support to the health sector in particular, is obviously directly related to the
more general national situation with regard to communication and transport facilities.
Communication between users and providers of equipment services is largely dependent on the national infrastructure, i.e. the existing telecommunication network. The figures in Table 3-5 have been extracted from the World Development Report, 1994. This
data gives a fair impression of the telecommunications infrastructure and road networks
in the three countries and will be used as 'quantifier for evaluation' for this contextual
component.
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Table 3-5 Number of Telephone Mainlines and Road Densities in Selected Countries

Telephone Mainlines
Road Density
(Per 1,000 persons, 1990)
(km per million persons, 1988)
Yemen
Ghana
Costa Rica
United Kingdom

11
3
93

951
430
1,059

442

6,174

Foreign aid programmes in the three countries, at least those concerned with health
equipment renewal, typically have an intermittent character. Such programmes come
and go and their duration is usually in the order of three to five years, depending on
which foreign agencies are involved. For the purpose of this comparison study an attempt was made to arrive at figures representing estimates for the year 1994. The way
these figures were estimated was by taking an inventory of all major current equipment
aid programmes, while taking into consideration the duration of individual programmes.
Since this type of foreign aid 'packages' typically represent temporary injections of
funds, it will be clear that such an annual estimate of total foreign aid to this sector cannot be regarded as a reliable and representative long term indicator. The Yemen figure
is a rough estimate, based on scarce country reports and various interviews with
equipment managers and other health officials. The results of this survey are given in
Table 3-6.

Table 3-6 Estimated Foreign Aid for Medical Equipment Renewal (1994)

Yemen

Ghana

Costa Rica

Total Annual Foreign Aid Budget
for Equipment Renewal

2 - 3m$

7m$a

<1m$b

As Percentage of Current Stock
Value

3.2 - 4.8%

10.8%

<0.5%

aSource: (Remmelzwaal, 1994b) Estimate for 1994
bNo precise figures available as this is not an official government programme

One issue to bear in mind is that the effect of specific aid programmes may only become apparent after some years. A more in-depth study would therefore incorporate
figures on development assistance of, say, the past two decades. Related to this is the
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fact that current aid programmes, such as those described in this study, may not have
an immediate impact on current performance indicators.
Besides using specific equipment aid as indicator for the foreign aid contextual element,
also a number of rather more general indicators were used. The results have been
listed in Table 3-7. Unfortunately, figures for Costa Rica regarding aid flow to the health
sector are not specified in the World Development Reports from which the Yemen and
Ghana data have been derived. However, some data is available from a country study
by Brian Abel-Smith, which states that external aid constitutes a mere 0.5 percent of the
income of the Ministry of Health (Abel-Smith, 1989).

Table 3-7 External Assistance: Selected Indicators

Yemen

Ghana

Costa Rica

Total Official Development Assistance (As percentage of GNP)

3.9

11.3

3.1

Development Assistance for Health
(Aid flow as percentage of total
health expenditure)

11.6

14.2

<1

A more recent country study by The World Bank confirms the minor role that foreign aid
plays in the total revenues for the health sector (World Bank, 1993).

3.3.3 Country Comparison: Summary of Results
This Paper has developed the analytical tools to facilitate inter-country comparison of
HCTS systems. Using the information and numeric data derived from the country descriptions yields numeric 'scores' for individual components of the HCTS systems in the
three countries. Again, for a full description the reader is referred to the earlier mentioned reseach report (Remmelzwaal, 1996). An example of using the appropriate assessment tool (Annex 1) and how the 'scores' are determined is attached as Annex 2
(The specific example given refers to the HCTS component 'Manpower Resources').
Table 3-8 and associated Figure 3-3 summarise the findings related to the various contextual components. The average score in this Table and Figure represents the ave rage value of the four 'indigenous' contextual components, i.e. institutional infrastructure,
manpower, finance and logistics. In this representation the 'external' foreign aid component has been displayed separately from the indigenous components.
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Table 3-8 Context Assessment: Scores Ratios vs. Performance

HCTS Contextual Component

- - - - - - - - - Score Ratios - - - - - - - - Yemen
Ghana
Costa Rica

(a) Infrastructure and Organisation

27/60
(45%)

21/60
(35%)

35/60
(58%)

(b) Manpower Resources

10/25
(40%)

10/25
(40%)

23/25
(92%)

(c) Indigenous Financial Resources

5/20
(25%)

7/20
(35%)

11/20
(55%)

(d) Logistics Support

16/35
(46%)

15/35
(43%)

25/35
(71%)

39%

38%

69%

(e) Foreign Aid

8/15
(53%)

13/15
(87%)

4/15
(27%)

Medical Equipment Performance

55.7 %

74.1 %

86.4 %

Average Score (a)..(d)

Considering the specific and combined results of the context comparison study, a number of observations can be made:
(i) The association of the 'strength' or 'quality' of four out of five individual conte xtual
components, namely institutional infrastructure, manpower, logistics and foreign
aid, with medical equipment performance, does not yield a satisfactory explanation of why performance varies between countries.
(ii) The variation between countries of the fifth contextual component, i.e. indigenous
financial resources, does match the pattern of variation in equipment performance. Therefore, the fact that indigenous investments in the acquistion and
management of equipment differs from country to country, may well contribute
towards providing an explanation for the differences in performance between
countries.
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Fig 3-3 Context Comparison vs. Performance
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(iii)Considering the aggregate results, i.e. the overall 'strength' of the indigenous
HCTS context, the variation in performance between the three countries is not
matched by a similar variation in quantified overall context.
(iv) The pattern of variation in foreign aid to each of the three countries, expressed in
monetary terms, does not resemble the variation in performance between countries.

3.4 Conclusions
With regard to developing countries, previous studies have suggested that the environment, or context, in which medical equipment is used, largely determines its operational
performance. This Paper, therefore, set out to examine the relationship between specific contextual aspects and medical equipment performance. The quantitative analysis
of the context in which medical equipment is used, suggests that there are significant
differences between the three countries in this study. However, with the exception of
just one of the constituents of the context, the pattern of variation in this context between the three countries, generally does not match the pattern of variation in overall
performance. It therefore appears that contextual variation, in itself, does not fully explain the difference in operational performance of medical equipment. Nevertheless, a
well established context appears to be important, as indeed the Costa Rican data suggests.
As well as providing an outline of the requirements for a HCTS system in developing
countries, this Paper has investigated the various suggestions made in the literature
related to the immediate context in which the equipment is used. Previous studies suggest a fourth group of factors which are thought to be associated with the variation in
performance. These factors, listed in Table 1-1 in Paper 1, are related to the procedures and processes associated with the management of equipment. Paper 4 outlines
and examines these managerial issues.
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Annex 3-1a Tool for Assessment of HCTS Institutional Infrastructure and Organisation
No.a

Key Feature

Aspect Assessed

Q01

Organ.
Level
Central

Equipment Management
Unit (EMU)

The degree to which an Equipment Management Unit has been developed

Q02

Central

Central Procurement Unit
for equipment

The degree to which a Central Procurement Unit for equipment has been
developed
The degree to which a National Equipment Service Centre has been developed
The degree to which a Staff Recruitment
Unit has been developed

Q03

Central

National Equipment Service Centre

Classification
System
(3)
Reasonably
Developed

(4)
Well
Developed

(5)
Excellent

(1)
NonExistent

(2)
Weak

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''

''
0-0.25%

''
0.25-0.5%

''
0.5-0.75%

''
0.75-1%

''
1-1.25%

NonExistent

Weak

Reasonably
Developed

Well
Developed

Excellent

The degree to which Training Facilities
have been developed

''

''

''

''

''

Q04

Central

Staff Recruitment Unit

Q05

Central

Training Coordination Unit

The degree to which a Training Coordination Unit has been developed

Q06

Central

National Information Centre

The degree to which a National Information Centre has been developed

Q07

Central

Private Equipment Support Sector

Q08

Regional

Equipment Service
Centres

The extent to which the public health
sector makes use of(b)the private equipment support sector
The degree to which Equipment Service
Centres have been developed

Q09

Regional

Training Facilities

Q10

Regional

Administrative Units

The degree to which Administrative
Units have been developed

''

''

''

''

''

Q11

Regional

Logistics Support Units

The degree to which Logistics Support
Units have been developed

''

''

''

''

''

Q12

Local

Equipment Service
Centres

The degree to which Equipment Service
Centres have been developed

''

''

''

''

''

(a) sequential query number
(b) total annual payments made to the private sector for equipment maintenance and repair,
expressed as percentage of the current total replacement value of the national stock of equipment

Annex 3-1b Tool for Assessment of HCTS Manpower Resources
No.

Key Feature

(1)

(2)

Classification
System
(3)

Aspect Assessed

(4)

(5)

Q13

Number of "Type C" Staff in the
HCTS

Number of engineers (total, per 1,000
hospital beds)

<1

1..2

2..3

3..4

>4

Q14

Number of "Type B" Staff in the
HCTS

Number of technicians (total, per 1,000
hospital beds)

<5

5..10

10..15

15..20

>20

Q15

Discrepancy between public and
private sector remuneration for
technical employees

How public sector salaries compare to
private sector salaries

<25%
(far below)

25-40%

40-65%

65-80%

>80%
(comparable)

Q16

Career structure and staff retention
scheme for technical and managerial staff

The degree to which a career structure
and a staff retention scheme for HCTS
staff has been put in place

NonExistent

Weak

Reasonably
Developed

Well
Developed

Excellent

Q17

Staff training courses with formal
course certification

The degree to which staff training courses have been developed

NonExistent

Weak

Reasonably
Developed

Well
Developed

Excellent

Annex 3-1c Tool for Assessment of HCTS Indigenous Financial Resources
No.

Key Feature

(1)

(2)

Classification
System
(3)

Aspect Assessed

(4)

(5)

Q18

Equipment Replacement Policy

The extent to which planned equipment
replacement is stated in the national policy
of the government health department

Not
Mentioned
at all

Implicit
Incidental
Reference

Explicit Incidental Reference

Clear Frequent
Reference

Clear Extended
Statement

Q19

Equipment Maintenance Policy

The extent to which planned equipment
maintenance is stated in the national
policy of the government health department

Not
Mentioned
at all

Implicit
Incidental
Reference

Explicit Incidental Reference

Clear Frequent
Reference

Clear Extended
Statement

Q20

Budget for Equipment Renewal

The annual budget for equipment replacement, as percentage of the current
replacement value of the total national
stock of medical equipment

0 - 2.5%

2.5 - 5%

5 - 7.5%

7.5 - 10%

10 - 12.5%

Q21

Budget for Equipment Maintenance The annual budget for equipment maintenance, as percentage of the current
replacement value of the total national
stock of medical equipment

0 - 2.5%

2.5 - 5%

5 - 7.5%

7.5 - 10%

10 - 12.5%

Annex 3-1d Tool for Assessment of HCTS Logistics Support
No.

Key Feature

(1)

(2)

Classification
System
(3)

Aspect Assessed

(4)

(5)

61 - 80

81 - 100

Q22

National Telecommunication System

The number of telephone mainlines per
1,000 population

0 - 20

21 - 40

41 - 60

Q23

Road Density (Paved Roads)

Road density in km per million persons

0 - 250

251 - 500

501 - 750

Q24

Staff Response Time

Average response time for a central or
regional level technician to arrive at a
hospital in a rural location(a)

>2 months

<2 months
>1 month

<1 month
>2 weeks

<2 weeks
>1 week

<1 week

Q25

Equipment Distribution Time

Average time-lapse between new equipment (and/or parts) arriving at the national stores and delivery to rural medical
units

>2 months

<2 months
>1 month

<1 month
>2 weeks

<2 weeks
>1 week

<1 week

Q26

National Equipment Inventory

Whether a national equipment inventory
is being kept and maintained

NonExistent

Weak

Reasonably
Developed

Well
Developed

Excellent

Q27

Manufacturers' Information

Whether comprehensive and up-to-date
information is held at central level on
manufacturers' products

NonExistent

Weak

Reasonably
Developed

Well
Developed

Excellent

Q28

Equipment Documentation

Proportion of the national stock of equipment for which operator- and servicemanuals are available (in the country)

0 - 20%

21 - 40%

41 - 60%

61 - 80%

81 - 100%

(a)Time-lapse between the reporting of equipment malfunction and a technician actually dealing with the problem at location

751 - 1000 1001 - 1250

Annex 3-1e Tool for Assessment of Foreign Aid
No.

Key Feature

(1)

(2)

Classification
System
(3)

Aspect Assessed

(4)

(5)

Q29

Total Official Development Assistance (ODA)

ODA as percentage of GNP

0 - 3%

3 - 6%

6 - 9%

9 - 12%

12 - 15%

Q30

Development Assistance for Health

Health-related aid flow as percentage of
total health expenditure

0 - 3%

3 - 6%

6 - 9%

9 - 12%

12 - 15%

Q31

Foreign Equipment Aid

Foreign equipment aid as percentage of
the current replacement value of the total
national stock

0 - 3%

3 - 6%

6 - 9%

9 - 12%

12 - 15%

Annex 3-2 Score Ratios HCTS Manpower vs. Equipment
Performance

[Weight]

[1]

[2]

[3]

[4]

[5]

<1
GH

1..2
YM

2..3

3..4

>4
CR

<5
GH

5..10
YM

10..15

15..20

>20
CR

<25%
(Far Below)

25-40%

40-65%

65-80%

>80%
Comparable

YM

GH

CR

Q13 Number of Engineers
(Per 1,000 Beds)
Q14 Number of Technicians
(Per 1,000 Beds)
Q15 Public Sector Salaries
compared to Private Sector

NonExistent

Weak
YM

Q16 Career Structure and
Staff Retention Scheme
Q17 Staff Training Courses
with Course Certification

Reasonably
Well
Developed Developed
GH
CR

Excellent

YM
GH

CR

Fig 3-4 Comparative Evaluation of HCTS Manpower Resources

Table 3-9 Score Ratios HCTS Manpower vs. Equipment Performance

Contextual Component: Manpower Resources

Medical Equipment Performance

Yemen

Ghana

Costa Rica

10/25
(40%)

10/25
(40%)

23/25
(92%)

56 %

74 %

86 %
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The Development of Medical Equipment Management Systems

4.1 Introduction
Medical Equipment Management (MEM) takes place within a context of human, material, structural, organisational and financial resources. Elements of this supporting context are frequently referred to as the Health Care Technical Services (HCTS); a concept
discussed in the previous Paper. The effectiveness of a Medical Equipment Management System can be measured in terms of the operational performance of the stock of
medical equipment which is being managed. This Paper first of all outlines and discusses the MEM-concept and its individual components. The MEM-framework will then
be used to compare equipment management systems in three developing countries.

4.2 The MEM Concept
4.2.1 Introduction: The Cyclical Management System
Based on the interpretation of literature and existing studies it appears that equipment
management can be regarded as a logical sequence of inter-related activities.
DEFINITION OF NEEDS

SELECTION

CANCELLATION &
DISPOSAL

EQUIPMENT
UTILISATION

EQUIPMENT
ACQUISITION

OPERATION &
MAINTENANCE

PROCUREMENT

INSTALLATION &
COMMISSIONING

Fig 4-1 The Cyclical Management Process
[Source: Adapted from FAKT, 1995]
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In Figure 4-1, each activity, or stage in the management process, is dependent on and
linked up with other activities in the chain. In certain countries this integrated and systemic nature of the management process is more evident than in others. The cyclical
nature and interdependency of managerial aspects can be regarded as a 'chain of
events', with each stage intertwined with the previous and the next one. This chain diagram will be used as a guideline for discussion of the various components of the management cycle. These stages of management go hand in hand with the stages in the
life-cycle of the equipment. The last stage, equipment cancellation and disposal, is immediately followed by the acquisition process, thus establishing a continuous cyclical
process. Operation and maintenance of equipment are grouped together, for reasons
that these activities take place simultaneously.
Bearing in mind the finite lifetime of equipment, one becomes aware of a constant and
recurring opportunity for equipment managers to improve equipment selection and utilisation. By improving one or more of the managerial activities, or by establishing improved interdependency between those aspects, much can be done to gradually improve the output of the managerial process, which is equipment performance.
Besides the core managerial activities, three broader managerial issues will be discussed. The first issue is concerned with the monitoring of equipment performance.
The second issue is related to the process of human resources development as it takes
place within the HCTS-system. The final issue concerns the way in which users, i.e.
equipment managers and other health authorities, manage the influx of foreign equipment aid. The remainder of this Section is a brief description of each of these managerial activities. The emphasis of each activity is on the linkage and inter-dependency with
other stages of the management process.

4.2.2 Definition of Needs
Box 4.1

Prior to the identification and definition
of needs for medical equipment, health
authorities will have to agree on a well
defined and regularly updated policy for
the delivery of Health Care in the country.
The policy documents and associated implementation strategy describe
the medical functions at national, regional and district level hospitals and
health centres. The requirements for
physical assets, such as medical
equipment, will have to be justified and
be in agreement with those national
policies. A second requirement is the
availability of comprehensive and up-todate information about the existing
stock of equipment. The discrepancy

DEFINITION OF NEEDS

CANCELLATION &
DISPOSAL

SELECTION

OPERATION &
MAINTENANCE

PROCUREMENT

INSTALLATION &
COMMISSIONING
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between 'what is' and 'what ought to be there' provides an accurate account of current
requirements.
At Ministry level a committee must be in place who defines the needs for technical
equipment for all levels of health care delivery. This committee for equipment definition
should have a multi-disciplinary character and consist of Health Workers, Health Pla nners and Technical Experts. In planning the needs for additional equipment hardware
certain criteria will have to be taken into consideration. These criteria include:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

The population targeted by the health service
Their current and future health needs
The health service functions required to meet those needs
The health care equipment required to perform those functions
The current stock of functioning equipment (i.e. effective available stock)
The current stock of non-functioning equipment, which can be restored
Available financial resources
Current staff competences (operators and service personnel)

Medical equipment can either be obtained from local manufacturers or, as is usually the
case, from the international market. The poor definition and justification of equipment
requirements is widely regarded as a potential source for equipment failure. Bloom, for
instance, states that:
Appropriate equipment should be defined for each level of care, and a detailed
list should be prepared, bearing in mind user preferences, relevance to priority
health problems, ease of use and maintenance, safety and cost, the latter to include provision for a continued service.... (Bloom, 1989:5).
Previous studies suggest that, in developing country situations, proper procedures such
as those recommended by Bloom, are often not in place, or at least they are not being
implemented. It is further suggested that health workers, planners and technical experts should all be involved in this decision-making process. McKie, in this respect,
emphasises the importance of national policies related to needs definition. He proceeds
by saying that equipment should be provided to meet the needs of health care and
should be provided at the appropriate time, always considering available resources
(McKie, 1987:49). The recommendations by these and other authors is in agreement
with the advice given by the Medical Devices Agency (MDA) of the Department of
Health (UK). For medical institutions in the United Kingdom it is recommended that
Health Authorities and Hospital Management Units should establish clear documented
procedures for the specification of equipment requirements (Medical Devices Agency:
Health Equipment Information, Issue 98:8) 1.

1 Health Equipment Information (HEI) Issue 95: 'Code of Practice for Acceptance Testing of Medical Electrical

Equipment' and Issue 98: 'Management of Equipment' are published by the Medical Devices Agency (MDA) of the
Depart ment of Health, London
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NEEDS JUSTIFICATION

What would we like to
have and what can we
afford?

NEEDS ASSESSMENT

What do we
actually need?

STOCK TAKING

What do we have
already?

Fig 4-2 Health Care Equipment - Discussing Requirements

National
Health Policy

Medical Functions
at all Levels of
Health Care
Internal Financial
Resources

Multi-Disciplinary
Discussion

Health Care
Equipment
Requirements
(Generic List)

External Assistance
(Donor Aid)
User Competences
(Operators &
Service)

New Equipment
Requirements
NEEDS JUSTIFICATION

NEEDS ASSESSMENT
National
Equipment
Inventory

Available Stock
of Health Care
Equipment

STOCK TAKING

Fig 4-3 Defining Health Care Equipment Needs
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In summary, the definition of needs for medical equipment is the first stage in the
managerial chain. Requirements for equipment-embodied technology are to be based
on, and in agreement with, the intended medical functions at national, regional and district level, which in turn are to be in agreement with national policies on health care.
The output of this first stage of the management process, is a detailed list of requirements, which serves as the reference document for the next stage; the selection process. This reference document provides the formal link between the first two stages.

4.2.3 Selection
When the needs for new equipment
have been defined and justified, a selection from the available products from
the local and/or international market will
have to be made. The usual procedure
is to invite offers from suppliers by
means of formal tendering procedures.
There are several issues to consider
while making this choice. The selection
process must follow a comparative
evaluation of available products. Opportunistic and haphazard selection and
procurement of equipment invariably
leads to equipment ineffectiveness.
This point is made by the earlier mentioned publication by the Medical Devices Agency, which states that:

Box 4.2
DEFINITION OF NEEDS

CANCELLATION &
DISPOSAL

SELECTION

OPERATION &
MAINTENANCE

PROCUREMENT

INSTALLATION &
COMMISSIONING

Unless good quality equipment with adequate performance and conforming to
relevant specifications and standards is bought in the first place, no amount of
subsequent activity will effect improvement. It is, therefore, of the utmost importance that arrangements exist to provide expert advice and to carry out any necessary investigations prior to purchase, and it is recommended that the selection
and purchasing procedures are clearly documented, and followed in all cases,
including equipment to be purchased from donated moneys (Medical Devices
Agency: Health Equipment Information, Issue 98:8).

It is generally regarded as imperative that a range of equipment is identified which aims
to satisfy specific functional requirements. In practice, however, as Bloom rightly mentions, the selection of equipment often lacks a scientific basis. This is said to be largely
caused by international suppliers and middlemen who have had a significant influence
on the choices made in some countries (Bloom, 1989:5).
The selection of suitable equipment requires significant thought and investment of time
and resources. With the scarce resources for training and equipment maintenance, as
is presently the case in most developing countries, one needs to ensure that optimum
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use is made of equipment suppliers in terms of after-sale support and warranty agreements. Major suppliers often avail of specialised expertise with regard to equipment
servicing, which could in principle be utilised to assist the health sector with the conservation of equipment.
In order to arrive at an appropriate list of requirements, advice needs to be sought from
a number of disciplines. The inputs of health workers, technical staff, architects, physical planners, administrators and planners are all required in order to reach a decision
(Bloom, 1988:45). This multi-disciplinary approach is confirmed by McKie, who states
that the specification of requirements should involve the user of the equipment as well
as senior qualified staff of the Health Care Technical Service (McKie, 1987).
The output of the previous stage, the generic list of requirements, provides the starting
point for the selection process. The selection and subsequent purchase of equipment
provides the buyer with an opportunity to obtain a 'package' of technical support from
equipment suppliers. Through a systematic process of negotiations with suppliers, the
buyer is in a position to bargain for certain services to be supplied together with the
equipment hardware, which enables him to use and maintain the equipment for its intended lifetime.
Some of the factors to be taken into consideration when selecting equipment and suppliers are (i) technical support from the supplier, (ii) technical features of the equipment,
(iii) the quality and completeness of equipment documentation, (iv) installation procedures, (v) commissioning of the equipment, (vi) price criteria, based on comparative lifecycle costing of the available alternative items of equipment, (vii) length of the warranty
period, and (viii) delivery time. Adopting an acquisition policy along those lines results
in equipment suppliers competing for purchase contracts. By making sure that the
equipment suppliers are aware of the selection criteria, one ensures that an appropriate
'technical support package' will be included in their offers. In theory this probably
means that one ends up paying more for a batch of equipment. However, the extra cost
provides an assurance to the user that the equipment will operate in a reliable manner
for its entire anticipated lifetime.
The selection of equipment and suppliers is likely to be the most crucial stage in the
indigenous management process. The output of the selection process is a detailed list
of equipment names and models, stipulating the preferred supplier. This list constitutes
the link between the selection and procurement stage.
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4.2.4 Procurement
DEFINITION OF NEEDS

Procurement can be regarded as the
process by which an item of equipment,
which has already been selected, is
purchased by the user. Procurement is
a predominantly administrative exercise,
such as obtaining the best possible deal
from the various sources of supply and
organising the transfer of the equipment
to the importing country and to its final
destination (Cooper-Poole, 1979). The
usual procedure for equipment procurement is to invite firms to submit
tenders. A tender committee, or board,
makes the final decision and awards
tenders to successful applicants.

CANCELLATION &
DISPOSAL

Box 4.3

SELECTION

OPERATION &
MAINTENANCE

PROCUREMENT

INSTALLATION &
COMMISSIONING

In his paper 'The right equipment.... in working order', Bloom states that an equipment
purchasing plan should be drawn up to project annual requirements over a period long
enough to achieve rationalisation of the equipment sector, perhaps ten years. Procurement proposals should cover restocking, expansion, spare parts, and wear and tear
(Bloom, 1989:5). Much as is the case for equipment selection, McKie advises that for
all commercial transactions technical expertise should be called upon in order to guard
the interest of the purchaser and user. The extent of technical expertise should match
that of the supplier and manufacturer (McKie, 1987:50).
Following procurement and the necessary logistical procedures (custom clearance,
transport, etc.), resulting in the arrival of the goods at location, formal acceptance procedures must be in place. These acceptance procedures are needed to ensure that the
entry of all equipment into service is properly controlled. Acceptance includes an initial
inspection and incorporation of the equipment into the equipment inventory and the
equipment management system. The initial inspection ensures that the equipment arrives with all the necessary accessories and manuals, undamaged and in good working
order (Medical Devices Agency: Health Equipment Information, Issue 95 and Issue
98:12).
A condition for successful procurement is that negotiations with suppliers are dealt with
in a systematic and objective fashion, as described earlier. Subjective personal prefe rences for certain suppliers or indeed corruption on the part of equipment buyers leads
to ineffectiveness of equipment, i.e. poor performance, in the long term. Subjective
choices of suppliers and equipment can only be avoided through a well-documented,
transparent and systematic selection process.
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4.2.5 Installation and Commissioning
In the context of this study, the installation of medical devices refers to the
process of simply putting the hardware
in place. Commissioning of health care
facilities and of the physical assets
therein, has been described as: "...the
process of speedily and efficiently
bringing those facilities into use and ensuring that each facility operates to the
desired standards and makes the best
use of the resources available" (Steele
et al., 1983:297).

Box 4.4
DEFINITION OF NEEDS

CANCELLATION &
DISPOSAL

OPERATION &
MAINTENANCE

SELECTION

PROCUREMENT

Planned installation and commissioning
procedures are to be in place, stipulatINSTALLATION &
COMMISSIONING
ing a number of tests to be performed in
order to ensure that the equipment is
functioning correctly. The type of the
tests will depend on the nature of the equipment. The equipment is checked for suitable
interconnection with services, such as electricity and water supply. Planned installation
and commissioning procedures are essential if one is to expect a satisfactory performance of the equipment. The actual procedures will also depend on the origin of the
equipment, i.e. whether obtained through a local agent or directly from abroad, as well
as on the complexity and size of the equipment. The commissioning procedures include an element of instruction for equipment operators and maintenance staff. Part of
the demonstration will be for the users to familiarise themselves with the operating
manuals.
Electrical safety testing in developed countries is done using the appropriate test
equipment. Safety checks, such as electrical earth leakage test should comply with national standards and regulations. The initial calibration of devices is performed either by
a representative of the supplier or else by a qualified engineer. Daily routine calibration, if applicable, is carried out by a qualified operator. Periodic calibration is part of a
programme of preventive maintenance and is the responsibility of a qualified engineer.
Installation procedures can be subdivided into: (i) physical installation (i.e. fixing it into
place, positioning and connection), (ii) testing, and (iii) commissioning.
Incorrect installation of medical devices is said to be a major cause for equipment ineffectiveness. Manufacturers of medical equipment usually supply recommended insta llation procedures with the equipment which need to be taken seriously. Except for the
simple and robust items of equipment, most medical equipment requires planned installation procedures.
Commissioning of medical devices is carried out in order to ensure that equipment is
delivered in proper working order and ready to deliver its intended functions. Bloom
recommends that all equipment, even the simplest, free-standing, plug-in device should
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be commissioned before being accepted into the service (Bloom, 1988:56). The relevant publication by the Medical Devices Agency recommends that:

Where appropriate a formal commissioning session from the supplier should be
arranged. This should include a demonstration and a short period of training
covering both use and user servicing. It is essential that the relevant people attend. It is recommended that a procedure to define who should attend commissioning, demonstration and training should be established and documented
(Medical Devices Agency: Health Equipment Information, Issue 98:12).

Included in the installation and commissioning process are procedures for safety testing
and calibration of equipment. Safety testing applies to all new electrical and electronic
equipment and is necessary to make sure that the devices are electrically safe for operators and patients. Equipment calibration at the time of installation is regarded as
very important as

...this is the only time when manufacturers have a chance to adjust their equipment to the prevailing conditions (i.e. climate, electricity supply, altitude, etc.) and
to ensure that the dials and recorders are giving true readings (Bloom, 1988:56).

As is the case with most scientific electronic equipment the various circuits within these
electronic devices need to be adjusted periodically in order to ensure reliable and accurate performance.
Proper installation and commissioning procedures are negotiated at the time of equipment and supplier selection. Installation and commissioning procedures have thus become part and parcel of the acquisition process. The output of this stage of the management process is medical equipment, properly installed and ready to deliver its intended services.
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4.2.6 Operation and Maintenance
Strictly speaking, users of equipment
include medical- and para-medical staff
as well as patients who receive the
services delivered by the equipment. In
the context of this study we will regard
the operator as the main user of the
equipment. In order for equipment to
'produce its nominal output' or, in other
words, to deliver its intended services, it
is necessary that personnel operating
the equipment are adequately trained in
using the devices confidently while observing appropriate safety procedures.

Box 4.5
DEFINITION OF NEEDS

CANCELLATION
& DISPOSAL

OPERATION &
MAINTENANCE

SELECTION

PROCUREMENT

It is the responsibility of the user to enINSTALLATION &
COMMISSIONING
sure that equipment is properly calibrated and functioning correctly when in
use. The Medical Devices Agency recommends that the scope of user servicing should be based on the User Instruction
Manual, supplied by the manufacturer. These guidelines are to be supplemented by
any formal local instructions that have been agreed upon. Equipment servicing by the
user should be restricted to the following tasks (Medical Devices Agency: Health
Equipment Information, Issue 98:17-18):
(i)
(ii)
(iii)
(iv)
(v)

Careful cleaning of the equipment
If necessary: decontamination and sterilisation
Functional check
Calibration check
Safety check

Periodic training for equipment users and operators should include all of these elements. McKie also recommends a degree of caution with regard to the level of experience of equipment operators:
No staff should be expected or allowed to use equipment unless training has
been given appropriate to the degree of sophistication. This will normally involve
the manufacturer or supplier initially and the in-house technical service thereafter
(McKie, 1987:50).
Previous studies in developing countries show that a high percentage of equipment
malfunction is caused by operator mishandling. The need for periodic training of
equipment operators in those countries, at least in the health sector, appears to be
largely underestimated. As argued earlier, it is primarily the responsibility of the equipment operator to ensure that equipment is properly calibrated and functioning correctly
when in use. The operator is also responsible for reporting malfunction to the appropriate service department. The equipment operator, therefore, functions as an impor-
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tant link in the managerial chain. He or she communicates with service staff and with
those who are responsible for equipment acquisition. Changes in equipment selection
criteria originate primarily from the interaction and communication between equipment
operators, technical service staff and health administrators.
With regard to equipment maintenance, as integrated part of the 'equipment package', it
appears that in most developing countries the emphasis of the equipment management
system in the Health Sector is on curative maintenance, i.e. repair. In situations where
there is a lack of service capacity (poor
Box 4.6
conservation culture), it frequently happens that equipment is replaced without
considering the feasibility of restoring
existing assets to good working order.
As equipment maintenance includes
much more than just repair activities it
will be useful to give an outline of what
an effective maintenance system should
look like. Equipment maintenance has
been described as any action or combination of actions carried out to retain an
item in, or restore to, an acceptable
condition (Metha, 1983:151). In order
to ensure proper and prolonged operaEquipment conservation ....
tion of medical devices it is imperative
Concerns us all!
that those devices are maintained according to the manufacturers' instructions. A distinction is made between
curative and preventive maintenance. The aims of preventive maintenance are to (i)
minimise the need for curative maintenance, (ii) minimise unplanned downtime, (iii)
maximise cost-effectiveness, and (iv) maximise life-time of the equipment.
Depending on local circumstances and the complexity of the devices, maintenance can
be carried out by:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

In-house (Institutional) Maintenance Facilities
Regional Maintenance Facilities
Central Maintenance Facilities
Local Private Sector Firms
Local Agent or Manufacturer
Overseas (Foreign) Agent or Manufacturer

Metha attempts a classification of the various types of maintenance of equipment and
makes a clear distinction between preventive and curative measures. Table 4-1 lists
the common terminology relevant to equipment maintenance.
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Table 4-1 Types of Equipment Maintenance

Preventive Maintenance

(i) Carried out in accordance with prescribed criteria in order to reduce the likelihood of an item
ceasing to be in an acceptable condition
(ii) Organised and carried out according to a predetermined plan

Curative Maintenance

Carried out to restore an item to an acceptable
condition

Emergency Maintenance

Carried out immediately to avoid serious consequences

Shutdown Maintenance

Requires that the item be taken out of service in
order to undergo maintenance

[Adapted from: Metha, 1983:151]

Due to the technical sophistication of a large proportion of medical devices, users frequently make use of contractual arrangements with manufacturer and agents. Ho wever, based on an appropriate cost-benefit analysis, one could decide to develop inhouse service capacity for the maintenance of basic and robust devices. The proportion
of equipment serviced in-house and externally will vary according to the complexity of
equipment and the availability and quality of external services. McKie comments on
the complexity issue by saying that:

...it may seldom be possible to service highly complex equipment without a major
input from the manufacturer, but much simpler medical equipment should be
serviced fully 'in-house'... For equipment which is identical to, or very similar to
non-medical equipment - refrigerators, etc., - the resource of the private sector
will often be the most appropriate. But the Health Care Technical Service
(HCTS) should monitor the service given (McKie, 1987:50).

Traditionally equipment maintenance and repair has been regarded as the most important function of a HCTS. Previous studies, such as those by McKie, recommend that
the majority of repairs, especially on low-tech equipment, must take place in the hospitals themselves.
Centrally organised Planned Preventive Maintenance (PPM) programmes can avoid
costly repairs. In order to be able to organise maintenance according to pre-defined
criteria it is regarded as essential that an inventory of equipment is kept up-to-date.
Furthermore, a system for stock control of replacement parts needs to be in place, at all
levels of the equipment service. Critical parts need to be kept in stock, especially those
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that are not available at short notice. The technical managers are responsible for regular ordering of parts and other materials which are needed to carry out equipment
maintenance.
In summary, some of the key issues for an effective equipment maintenance system
are:
(i) Qualification of Technical Staff. Technical staff needs to be adequately trained to
deal with equipment repairs and maintenance. Bearing in mind the continual
technological advances in the medical equipment industry, there is a need for
regular upgrading of new and existing technical staff.
(ii) Financial Provisions for Maintenance. In order for a maintenance programme to
be effective it is necessary that an annual budget to purchase parts and consumables from the local and international market is allocated. The budget must
be ready for use - orders for parts must not necessitate lengthy approval procedures from a financial committee. Besides for parts and consumables, funds are
needed for transport, administration and staff incentives.
(iii)Maintenance Facilities. Efficient equipment maintenance requires adequate accommodation and facilities. Service equipment and tools are to be available and
regularly upgraded and replaced. It is good practice to stock certain fast-moving
parts which are expected to be needed at some stage during the lifetime of the
equipment (E.g. seals, gaskets, bearings, etc.). An effective stock keeping administration is to be in place.
(iv) Maintenance Contracts. For complex and/or costly equipment maintenance contracts are to be negotiated with local or international agents.
(v) Transport. An effective maintenance organisation requires adequate transport facilities for staff and materials.
(vi) Technical Library. In order for maintenance activities to be effective it is essential
that a library of technical documentation, in the appropriate language, is in place
and continually updated. This library must include (a) Service manuals, (b) Operating or user manuals, (c) Parts manuals, (d) Electronic components data
books, and (e) Electronic circuits reference books.
(vii) Availability and Quality of Documentation. Documentation related to the servicing and operation of equipment should be kept with the equipment, as well as at
a central location. The documentation should be well structured and provided in
the appropriate language.
(viii) Equipment Inventory. A prerequisite for an effective maintenance system is the
presence of a manual or computerised equipment inventory. The same information system can be used to plan and organise maintenance schedules.
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(ix) Maintenance Records. Maintenance is organised by means of a planned programme of preventive maintenance. The organisation of maintenance requires
the use of job cards with an appropriate filing system. The use of computer
equipment and specialised maintenance software is becoming more and more
desirable and essential for the manager of an equipment management system.
(x) Maintenance Reports. The use of computers for a maintenance management
system facilitates the production of regular reports, either financial or with regard
to staff performance. Regular reporting on the status of the equipment proves to
be a valuable tool for a manager, especially concerning the forecasting of the required budget for maintenance services.

4.2.7 Cancellation and Disposal
The extent of equipment malfunction
and down-time increases with the age
of the equipment. Consequently the
cost-effectiveness decreases with age.
A technical report for the United Kingdom's health service suggests that the
mean life of equipment is between 6
and 10 years (Health Service Supply
Council, 1984).
Furthermore, one
needs to consider the issue of equipment obsoletion due to technological
and medical advances in this sector.
With respect to the availability of replacement parts and consumables it is
common practice that equipment
manufacturers supply parts for outdated
equipment for up to five years after a
particular model has been taken out of
production2.

Box 4.7
DEFINITION OF NEEDS

CANCELLATION &
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SELECTION

OPERATION &
MAINTENANCE

PROCUREMENT

INSTALLATION &
COMMISSIONING

2 The NHS in the United Kingdom makes use of a so-called MLQ-2 forms, in which the equipment supplier is asked

to state as part of the purchase contract the length of time in years that spares will be available after production
ceases
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The Medical Devices Agency states that equipment may have to be replaced for one or
more of the following reasons, namely when it is:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Worn out beyond economic repair
Damaged beyond economic repair
Unreliable
Clinically or technically obsolete
Spare parts no longer available
More cost-effective equipment or clinical service is available

Health authorities should establish and document a replacement policy for all equipment
and include these criteria into the equipment inventory system. It is further suggested
that:

...the replacement system should include a formal method of condemning
equipment to be replaced and ensure that ultimate disposals are physically removed to the satisfaction of the technical manager (Medical Devices Agency:
Health Equipment Information, Issue 98:23).

Some of the key issues related to equipment replacement are:
(i)

Presence of a Replacement Policy. The Health Authorities must issue guidelines regarding planned equipment replacement for use by medical units at all
levels of the health care system. This policy must be observed and implemented.

(ii) Equipment Replacement Planning. By evaluating the functionality vs. the operating cost of the equipment the manager is able to determine the costeffectiveness of equipment. Based on the findings a decision is taken to either
retain or replace certain items of equipment. By monitoring the maintenance
cost of equipment on an annual basis and plotting this variable over time, a
manager is able to justify replacement from an economic point of view.
(iii) Budget for Equipment Replacement. A budget must be allocated for periodic
equipment replacement.
(iv) Inventory of Equipment. In order to effectively monitor the equipment and implement a replacement policy it is necessary that all medical equipment is recorded and those records be kept up-to-date. An accurate equipment inve ntory is a powerful tool for equipment managers and of great value for planning
maintenance activities and stock control.
(v) Equipment Disposal. Once the decision to replace items of equipment has
been taken, the equipment is to be disposed of according to formal government
procedures.

15

The Development of Medical Equipment Management Systems

In order to avoid excessive downtime due to equipment obsoletion, it is imperative to
replace medical equipment at predetermined intervals. The absence of a replacement
policy invariably leads to unreliability and unpredictable performance of equipment. Periodic equipment acquisition should not only be concerned with adding new items to the
current stock, but also apply to routine replacement of existing assets. The key issue is
one of planned renewal of obsolete stock according to sound management principles,
such as the anticipated lifetime of equipment and its current cost-effectiveness, rather
than ad-hoc replacement of defective items. Cancellation and subsequent disposal of
equipment which is no longer cost-effective, constitutes the final stage of a cyclical and
continuous management process.

4.2.8 Equipment Monitoring
A special area of interest is the way in which different countries have put in place a
system or method for assessing the current condition and performance of their national
stock of health care equipment. There appears to be significant variation in the way in
which countries avail of up-to-date figures related to the output of their equipment management system. Having a clear picture of the extent of the problem, and also what the
reasons are with regard to equipment malfunction, would enable equipment managers
to take corrective measures.
An example of a form used for manual stock taking of health care equipment in hospitals and health centres is attached as Annex 4-1. The advantages of having a system
for the periodic or continuous monitoring of equipment performance are many. Among
other managerial activities, a manual or computerised equipment inventory facilitates:
(i) Financial planning. In order for a equipment management programme to be effective it is necessary that an annual budget to purchase equipment, parts and consumables is allocated. The budget must be ready for use - procurement must
not necessitate lengthy approval procedures from a financial committee. Funds
are also needed for transport, administration and staff incentives.
(ii) Monitoring cost-effectiveness of equipment. By monitoring the running cost of the
equipment (operation, maintenance, depreciation) the manager is able to determine the current cost-effectiveness of equipment. Based on his or her findings a
decision is taken to either retain or replace certain items of equipment.
(iii)Planning staff training. There is a need to develop specific training programmes
for equipment operators and service staff
(iv) Planning and organisation of maintenance schedules
(v) Planning stock control for replacement parts and disposables
As will be elaborated upon later, in Paper 5, equipment monitoring constitutes a crucial
link in the dynamic managerial process.
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4.2.9 The Management of Human Resources Development
An important aspect of the equipment management process is the development of human resources. The previous Paper (Paper 3) has already outlined many of the issues
related to required manpower resources for the Health Care Technical Services in developing countries. It is generally thought that individual countries must decide for
themselves on specific manpower requirements. With regard to the aspect of training
for equipment managers, operators and service staff, Bloom has outlined a number of
specific skills which are regarded as essential if health care equipment is to be used
effectively (Bloom, 1988). These skills, discussed in Paper 3, pertain to all aspects of
equipment management and include the acquisition, operation and maintenance of
equipment.
Although a number of references in the literature (in particular the Campinas and Nicosia reports; WHO, 1987a and WHO, 1990 respectively) prescribe manpower requirements and emphasise the general need for the development of skills and competence,
very few, if any, explain how individual countries set about determining their own specific requirements. Very little is known regarding optimum numbers of staff and appropriate types of training in given circumstances. For this reason it is important to examine to what extent various countries have incorporated the development of human resources as part of their equipment management system.

4.2.10 Use of Foreign Aid
With regard to 'free' foreign equipment aid one can distinguish between two different
types of international assistance. The traditional way in which donors from industrialised countries aim at alleviating the equipment problem has been by simply donating
equipment hardware, either new or used, to the health sector in developing countries.
In this case very little involvement is expected from the recipient, other than agreeing to
accept and distribute the consignment when it arrives at the port of entry. Some of the
practical problems, originating from this type of unilateral assistance, have been highlighted in the literature review in Paper 1.
The second way in which free equipment aid is administered is through various modes
of bilateral assistance programmes. In this case the recipient has some say in the
matter as to the contents of the aid package. The donor communicates with the recipient, usually through consultancy firms, in order to arrive at an aid package which presumably suits the needs of the recipient country. The latter mode of operation enables
both parties to include components in the aid package to do with the development of
technical and managerial capacities on the part of the recipient.
Besides free equipment aid through unilateral and multilateral projects, as outlined
above, many developing countries make use of loans, or low-interest credits, through
international banks to finance equipment related projects.
Countries appear to have a certain degree of freedom with regard to how foreign
equipment aid is being administered. For this reason it is relevant to find out whether
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the way in which foreign assistance is used in developing countries varies, and if so in
what way. With regard to the foreign aid aspect, the key aspects considered in the
country assessments, later in this Paper, are:
(i) To what extent is equipment aid used for the development of indigenous managerial and technical capacity and competence, as opposed to being used simply for
re-equipping health facilities?
(ii) To what extent are indigenous equipment managers involved in the planning and
implementation of aid programmes?
(iii)Which party generally takes the initiative in designing and implementing aid projects: the foreign donor or the recipient of aid?

4.3 Comparison of MEM Systems in Three Countries
In order to get an idea about how different countries have put in place systems for the
management of medical equipment, the framework developed in this Paper will be used
to assess three country situations. As mentioned before, these countries, being Yemen
in the Middle East, Ghana in West Africa and Costa Rica in Central America, are extremely diverse in terms of the way in which their management systems have been developed. The reader is referred to Paper 2 (Annex 2-1) for a general introduction to the
three countries chosen for a comparative analysis.
For the purpose of this Paper a summary is given of the various aspects of management in the three countries. The result is given in Table 4-2. For an in-depth description and analysis of individual country situations the reader is referred to the original
research documents and country studies listed in the bibliography.
Looking at the results, it will be clear that the countries display distinct differences in
most aspects of their equipment management systems. In Yemen the various aspects
of equipment management are generally poorly defined. Much like their HCTSorganisation, the MEM-system is best described as a 'crisis-management' system. The
general lack of awareness of the equipment problem at the level of the MoH, or at least
the absence of any indigenous initiatives to remedy the problem in the long term, has
clearly resulted in poor management procedures and a failing organisation at all levels
of the HCTS hierarchy. In addition, there is little interaction between the various aspects of the management process.
In Ghana the procedures for equipment acquisition, as well as the attempts to preserve
existing assets, are largely determined by intermittent foreign aid programmes. It appears that the high input of foreign equipment aid, in terms of donated equipment hardware, has assisted this country to perform reasonably well in terms of operational
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equipment performance, at least compared to Yemen. A weak link in the chain in
Ghana appears to be the way in which equipment conservation is organised. This fact
is somehow obscured by the relatively high throughput of new stock of equipment, as a
result of external assistance programmes (British ODA, The World Bank, etc.). As is
the case in Yemen, there appears to be a lack of interdependency and linkage between
the various managerial activities.
The relatively high performance of the Costa Ricans is matched by a pervasive better
development and performance of the individual aspects of the management process.
An exception is the absence of a clear policy on equipment cancellation; a feature it has
in common with the other two countries. Compared to Yemen and Ghana, equipment
acquisition in Costa Rica is highly centralised. Equipment conservation is properly organised, with well-defined procedures for preventive and curative maintenance. The
periodic technical evaluation of equipment performance plays an important role in their
management process. The management of human resources development in Costa
Rica is an integrated activity, within a comprehensive and internally developed equipment management system. External assistance has apparently been used to their advantage, as it has been utilised to develop specific managerial and technical competences crucial to the equipment management system. Indeed, the administration of foreign aid is distinctly different from the way in which Yemen and Ghana have put it to
use.
In contrast to Yemen and Ghana, Costa Rica has developed an effective equipment
management system, with obvious success. Although an equipment effectiveness of
86.4 percent does not, in itself, reflect a sustainable management system, there are firm
indications to believe that further improvements in overall performance can be expected. The recently published figures from a more recent survey confirm this expectation (the latest figures related to a survey conducted in 1993, issued by the CCSS in
San José, indicate that equipment performance has risen to 91 percent). The different
aspects of equipment management are well developed and easily recognised. Although, admittedly, some of the management aspects lend themselves for further improvement and refinement, all of the managerial activities are typically interrelated and
part of an integrated system. This integrated management process appears to resemble a feedback system, by which the performance of the stock of equipment is assessed
and fed back to the acquisition and utilisation stages of the process. The diagram
shown in Figure 4-4 visualises this element of feedback.
Whereas most of the individual management aspects are in place and reasonably well
developed, the key to successful management in Costa Rica appears to be the fact that
these managerial activities are closely interconnected and interdependent; thus constituting an integrated and dynamic system. As a result of the dynamic interaction between individual managerial activities, each aspect is subject to continuous change and
improvement.
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Fig 4-4 Performance Evaluation in Costa Rica

For the purpose of assessing and evaluating the condition of their national stock of
equipment, the Costa Ricans make increasing use of Information Technology. A major
technical evaluation of equipment functionality takes place just once in every five years.
However, the results from that major survey provide, to a large extent, the stimulus and
incentive for equipment managers to seek further improvements in performance. The
importance of this process of technical evaluation, i.e. the periodic assessment of
equipment performance, is that equipment managers are provided with the necessary
data and tools for effective management.
The way in which the Costa Ricans have put in place a system for the effective use of
their medical equipment is essentially different from what has thus far taken place in
Yemen and Ghana. Whereas the approach to equipment acquisition and conservation
in Yemen and Ghana is rather haphazard and largely determined by external forces, the
Costa Ricans have established an internal management system, without excessive dependency on foreign initiatives.

4.4 Conclusions
With regard to developing countries, various studies have suggested that certain management-process-related factors would be associated with the variation in equipment
performance between countries. This Paper, therefore, set out to examine the relationship between country-specific medical equipment management systems and the operational performance of the equipment being managed. The country studies in this Paper
have provided valuable insight into this relationship. More specifically, the following observations can be made:
(a) The internal development of specific choice criteria related to equipment and suppliers of equipment, based on previous acquisition experiences, appears to be a
crucial element of the equipment management process.
(b) Effective equipment management requires the development of specific managerial
and organisational capacities and competences, in addition to purely engineering
or technical skills.
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(c) An effective equipment monitoring system improves the functionality of equipment
management systems, as it plays a crucial role in the linkage and integration of
individual aspects of management.
(d) The ability to manage foreign aid and associated aid relationships is of crucial importance for the internal development of a successful and sustainable equipment
management system.
One area of concern, mentioned above but thus far not specifically addressed, is the
issue of how the management process (MEM) interacts with its immediate context of
structures and resources (HCTS). On various occasions in this Paper examples have
been given of the dynamic interaction between process and context. As well as dealing
in greater detail with the issue of interaction between process and context, and exploring further the elements of integration and interaction within the equipment management
system, Paper 5 is concerned with the development of a generalised model for the effective choice and use of medical equipment.
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Annex 4-1 Medical Equipment Inventory Form (As Annex 2-5)
HOSPITAL:
TOWN:
DEPT EQUIPMENT NAME

O.T.

STEAM AUTOCLAVE, 1dr

NAME OF SURVEYOR:

MEDICAL EQUIPMENT INVENTORY

PAGE No:

DATE OF SURVEY:
MODEL

OPER. WHEN
QUAL QUAL PARTS IN
MANUALS
MANUFACTURER COUNTRY YEAR COND. DOWN USE OPER ENG STOCK OPER SERV PRTS REMARKS

GE920

GETINGEVERKEN

SWEDEN

1983

D-S

1990

n/a

Y

N

N

H

N

EXAMPLE

MEDICAL EQUIPMENT INVENTORY

Annex 4-1 Medical Equipment Inventory Form (Cont'd)

EXPLANATION OF CODES
DEPT
COUNTRY
YEAR
OPER.COND.

-

DEPARTMENT
COUNTRY OF ORIGIN
YEAR OF MANUFACTURE
OPERATING CONDITION :

WHEN DOWN

-

STATE THE YEAR IN WHICH THE EQUIPMENT WENT OUT OF ORDER

USE

-

HOW OFTEN USED :

QUAL.OPER.

-

IS A QUALIFIED OPERATOR PRESENT AT LOCATION ? Y=Yes

QUAL.ENG.

-

IS A QUALIFIED ENGINEER PRESENT AT LOCATION ? HL
HF
CW
PC
N

PARTS IN STOCK

-

ARE ESSENTIAL REPLACEMENT PARTS IN STOCK, AS RECOMMENDED BY THE MANUFACTURER ?

MANUALS OPER.

-

IS AN OPERATING\USER MANUAL AVAILABLE ? H
CW
N

YES, IN THE HOSPITAL
YES, IN A CENTRAL WORKSHOP IN THE COUNTRY
NO

MANUALS SERV.

-

IS A SERVICE\REPAIR MANUAL AVAILABLE ?

H
CW
N

YES, IN THE HOSPITAL
YES, IN A CENTRAL WORKSHOP IN THE COUNTRY
NO

MANUALS PRTS.

-

IS A PARTS MANUAL AVAILABLE ?

H
CW
N

YES, IN THE HOSPITAL
YES, IN A CENTRAL WORKSHOP IN THE COUNTRY
NO

OK
OK-X
D-C
D-S
D-I
D-M
D-N
D-X

D=DAILY

IN WORKING ORDER AND IN REGULAR USE
WORKING BUT SAFETY DEVICES DISABLED
DOWN BECAUSE NO CONSUMABLES
DOWN BECAUSE NO SPARE PARTS
DOWN BECAUSE NOT PROPERLY INSTALLED
DOWN BECAUSE NO MANUALS
DOWN BECAUSE INTERMITTENT FAULT
DOWN, REASON UNKNOWN

W=WEEKLY M=MONTHLY n/a=NOT APPLICABLE (WHEN DOWN)
N=No
YES, AT THE HOSPITAL - A LOCAL STAFF
YES, AT THE HOSPITAL - A FOREIGN EMPLOYEE
YES, AT A CENTRAL WORKSHOP IN THE COUNTRY
YES, PRIVATE COMPANY
NO
Y=Yes N=No
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Implications for Policy and Management

5.1 Introduction
One of the objectives of this Series of Five Papers has been to identify successful
approaches for the management of medical equipment in health facilities in developing
countries. It has done so by preparing analytical frameworks for examining management
systems and systems for resource allocation in three developing countries. The
comparative analysis of three developing countries has shown that successful
management is associated with the following factors:
(i) Integrated and dynamic management
Successful countries have developed management systems in which the various
stages and procedures are clearly related and interlinked with one another.
Whereas equipment acquisition, operation, maintenance and performance
evaluation take place in all countries to some extent, it seems that in the more
successful countries these activities are typically interdependent and part of an
integrated and dynamic system.
(ii) Integration of management process and resource allocation
The principles of integration and dynamism are not restricted to the internal
management process, but equally apply to the way in which contextual resources
(HCTS) are allocated to the management system (MEM). From the observation
of management systems in different countries it emerges that success is
associated with the dynamic integration of the management process and the
resource system put in place to sustain effective management.
(iii) The development of managerial capacity and competence
The study of different systems for manpower development has clearly shown that
criteria for the cost-effective development of human resources originate as a
direct result of an internal evaluation of system requirements. Effective
management requires that manpower requirements, in terms of quantity and
quality, are based on the outcome of a periodic assessment of the performance
of physical assets in the health sector.
(iv) The management and effective use of foreign aid
Successful equipment managers in developing countries have learned to
manage the influx of foreign aid and essentially use it to their long term
advantage.
The following Sections 5.2 to 5.5 deal with each of these factors in greater detail.
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5.2 The Integrated and Dynamic Equipment
Management Process
A key feature of a successful equipment management system is that extensive use is
made of Information Technology (IT). Monitoring and evaluation of equipment performance
constitutes a crucial link in an efficient and transparent managerial feedback process.
Based on the outcome of a periodic technical evaluation, the procedures and practices
related to equipment acquisition and utilisation are constantly fine-tuned and improved
upon.
Effective systems for equipment management are largely based on maintaining a
comprehensive and up-to-date set of information regarding the state of the equipment in
the medical units. The analysis of the data, contained in a computerised or manual
database, provides equipment managers with accurate information concerning the
functionality of the equipment. One of the outputs of such an equipment monitor is a
prioritised list of reasons for equipment malfunction. According to these findings
managers take measures and endeavour to eliminate the major causative factors for
equipment ineffectiveness. This set of reasons will change over time, following the
dynamic nature of the process. Due to gradually changing user competences and also due
to the changing technology incorporated in medical devices, the list of reasons will evolve
and show different characteristics with time.
It follows that an effective management process incorporates an element of feedback. In
order to improve specific aspects of management, the output or result of the managerial
process is somehow fed back to the input. This feedback process can be represented by
the diagram shown in Figure 5-1.
B

EQUIPMENT
ACQUISITION
PERFORMANCE

A
EVALUATION

OF A STOCK
OF EQUIPMENT

C

EQUIPMENT
UTILISATION

A = List of Reasons for Poor Performance
B = Improved Selection Criteria
C = Recommendations on Improving Skills

Fig 5-1 The Dynamic Process of Equipment Management
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In Figure 5-1 the reasons for poor performance are translated into recommendations,
which are fed back into the acquisition and utilisation process. Correct implementation of
this specific set of recommendations will undoubtedly lead to an improvement in
performance. Because of this element of feedback, the reasons for poor performance will
gradually change over time and so will the associated set of recommendations. In theory, if
all is well, the recommendations will gradually become more and more specific. These
recommendations, at any moment in time, will strictly apply to the current situation in a
particular country. It will be clear that the actual criteria for improvement of operator and
acquisition practices are not generic, in a sense that they are not directly applicable to any
country. The method, however, of how one arrives at these criteria will be relevant to all.
The above discussion emphasises the importance of a more dynamic system of
equipment monitoring. In terms of manpower and organisation it will require a logistics
system where this detailed information can be collected once in, say, every two or three
years. Eventually, a dynamic system of equipment monitoring, where equipment
information is collected on an on-going basis, would prove even more effective. In
addition, new equipment would be registered and added on to the national database
before it is put into use.
Continuous or even periodic equipment monitoring on a national scale results in an
understanding of distinct problem areas which cause equipment to perform poorly. These
problem areas become evident during the time when the equipment is used (operated).
Examples of causative factors for equipment malfunction are easily given. To name but a
few: operator mishandling, missing documentation, lack of replacement parts, etc. It will
be clear that a conscious decision needs to be made in order to try and prevent these
operational problems to occur by simultaneously improving both areas of equipment
acquisition and equipment utilisation. Indeed the emphasis of equipment management is
both on effective choosing and on effective using of equipment.
An important feature of such a feedback process is the development of criteria related to
the orientation of national training courses for medical and para-medical staff. It appears
that traditionally the criteria for training programmes, i.e. skills development, have been
quite generic, in a sense that they were more or less independent from the actual country
situation. Adopting a systematic evaluation of equipment performance, such as advocated
in this Paper, will clearly show equipment managers what type of training programmes are
currently likely to be most effective in order to overcome poor equipment functionality.
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5.3 Integration of Management Process and Resource
Allocation
When comparing equipment management systems, one notices a distinct difference in the
way that resources are called upon by the management process. Figure 5-2 gives a
simplified representation of two entirely different approaches to the use of resources. It
appears that often, in developing country situations, the utilisation of system resources is
more or less a one-way system, in a sense that there is a total absence of an economic
and/or technical evaluation, which would justify certain investments being made (diagram A
in Figure 5-2). Lacking objective criteria for investment, one or more resources are called
upon rather haphazardly without the certainty that equipment performance will improve as a
result. By contrast, diagram B describes a more dynamic situation, where the indigenous
process influences the demand for contextual resources.
Situation A in Figure 5-2 also depicts an internal management process devoid of an
essential element of feedback, by which performance is monitored in order to adapt and
adjust the acquisition and utilisation procedures. In this situation a combination of
resources is called upon, possibly based on a study by foreign experts, representing a
donor organisation. The advice given is usually to increase -already scarce- resources X,
Y and Z, in an attempt to rapidly improve equipment performance and thus alleviate the
chronic equipment problem. In this case, the criteria for drawing on contextual resources
are not based on a systematic evaluation of equipment performance. From a user point of
view one can regard this type of operation as passive and largely externally imposed.
Evidence suggests that in this case no real technological learning takes place on the part
of indigenous equipment managers.
The alternative to this traditional way of managing equipment is a more integrated,
interactive and cost-effective use of contextual resources, such as shown in diagram B in
Figure 5-2. Successful management resembles a situation where the management
process regulates the demand for resources. The various financial and material resources
are, as it were, drawn in by the management process, not at random or based on
haphazard advice by external experts, but as a result of an internal assessment of real
needs. In doing so one can expect that increased, or modified, use of resources will have
an immediate and positive effect on equipment performance. This dynamic interaction
between process and contextual resources, is distinctly different from the traditional
passive approach adopted by equipment managers in many, if not most, developing
countries.
As far as the poor performers are concerned, one finds little evidence of any dynamic
interaction between the equipment management process and potential system resources.
The demands made on resources in these countries appear to be based on guesswork,
rather than on the outcome of an objective and, most important, internal evaluation
process. The use of contextual resources in the best performing country in this study is
more 'demand driven'; referring to a demand originating in their indigenous
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management system. Resources are, as it were, pulled in by the process, on a 'need-tohave' basis. The justification to increase (or decrease) the use of one or more contextual
resources is based on internally generated reasoning and facts, rather than on anything
else.

5.4 The Development of Managerial Capacity and
Competence
One of the findings from this study is that the management of medical equipment in
developing countries requires a specific set of 'skills'. These skills are not merely of a
'technical' or 'engineering' nature, as perhaps may have been assumed traditionally, but
also have a managerial, organisational and administrative character. It further appears,
from the observation of good performers in this study, that these specific skills will have to
be built up in the context of their use. These skills tend not to come about automatically, as
a by-product of general or even health sector education. Managing a fleet of equipment,
with its own specific characteristics of distant manufacturers, fast changing technology,
maintenance intensiveness, etc., calls for specific capabilities and competences, which
are generally not addressed in general health sector education programmes. In addition,
historical evidence suggests that these skills do not automatically develop from experience
as could perhaps be expected from a process of 'learning by doing'. For these reasons
donors need to incorporate the development of certain technical and managerial skills, on
the part of the indigenous managers, as an integral and indeed vital component of any
medical equipment aid package.
Valuable lessons can be learned from the comparative country evaluation in this study. Of
the three countries examined, only Costa Rica has developed a special programme for the
co-ordination, regulation and training of technical and managerial staff (described in
Papers 3 and 4). While the initiative and driving force behind past programmes in Yemen
and Ghana were invariably of foreign nature, the human resource development programme
in Costa Rica has, ever since its conception, been an indigenous affair. It is also
interesting to note that the type of training, provided through the SIMSS programme in
Costa Rica, is typically based on the outcome and findings of their periodic evaluation of
equipment performance. At the time of this study in Costa Rica, the emphasis of training
was being shifted towards operator skills development, due to the fact that a large
percentage of equipment malfunction was, at that time, found to be related to operator
mishandling. While their training programme caters in principle for a variety of training for
managers, technicians, operators and other para-medics, the programme has a built-in
element of flexibility with regard to which types of training can be provided at a given time.
Teachers and instructors have the skills and competence to tailor the curriculum to current
needs. The numbers of trainees, attending specific courses, is also largely dependent on
current actual requirements, again based on the outcome of the technical evaluation of
equipment performance.
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The description of the manpower development programmes has also shown that the
emphasis of training in Costa Rica is predominantly on the development of managerial
skills, rather than on more narrow technical or engineering skills related to maintaining and
repairing equipment. In contrast to Yemen and Ghana, the training programme in Costa
Rican gives much attention to managerial, organisational and administrative issues. In this
way the development of human resources in Costa Rica has become an important
component of an integrated management process. Manpower development is given a
central prominent place within their equipment management system.
The effectiveness and success of the programme for the development of human resources
in Costa Rica is, in a way, independent from external funding. Although the SIMSS
programme was initially partially funded through the Inter-American Development Bank
(BID), with further assistance from the Dutch government, the on-going development of the
programme is the sole responsibility of the Costa Rican health department. Initiatives and
programme execution are not dependent on foreign expertise, but are the responsibility of
indigenous equipment managers and other health authorities. Due to an indigenous
element of 'vision and determination', human resources in Costa Rica are managed
whether aid is available or not. Rather than being the driving force, aid is typically
subjected to an internal autonomous manpower development programme.

5.5 The Management and Effective Use of Foreign Aid
Foreign equipment aid to developing countries constitutes a major source of supply of
hardware-embodied technology to the health sector in those countries. Some countries
depend more on free donations and international assistance programmes than others.
Evidence, based on the existing literature and discussions with health authorities, suggests
that the most successful of the three countries, Costa Rica, has used foreign aid to their
advantage. Surely, over the years foreign aid has to some extent been used to replace
obsolete equipment hardware, but more importantly aid programmes have been designed
and implemented with the objective to develop a comprehensive programme of equipment
management. The launch of their integrated maintenance programme, described in
Papers 3 and 4, follows a step by step development of an internal awareness of the
importance of equipment conservation.
The emphasis of the Costa Rican equipment conservation programme has always been on
the development of skills for equipment managers and equipment operators. The human
resources development programme, closely linked and integrated with the overall
equipment conservation programme, has made use of foreign aid purely as a means to an
end. With regard to manpower and programme development, it appears that foreign aid
has never been allowed to dominate the aid process. By contrast, in many developing
countries there is no evidence to suggest that the emphasis of foreign aid is on the
development of indigenous managerial and technical competences. On the contrary, it
appears that foreign equipment aid has largely been used to replace old equipment stock,
in an ad-hoc attempt to solve a chronic problem.
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Figure 5-3 attempts to depict the variety in approaches to equipment management. It
serves as a visual aid to describe and evaluate the way in which different countries make
use of foreign equipment aid to boost performance or otherwise strengthen their
equipment management systems. Curve A in Figure 5-3 indicates a non-sustainable
process of equipment management. By contrast, curve C describes a sustainable
situation typified by a gradually improving performance as a result of a process of
indigenous technological learning and assimilation.
In less successful developing countries periodic equipment replacement is predominantly
the initiative of foreign donors, with haphazard stock replacement producing the occasional
boost in equipment performance. The effect of this type of equipment management is best
described by curve A in Figure 5-3. More successful countries, on the other hand, who
have decided to invest in capacity building, skills development and the beneficial use of
foreign aid are best represented by Curve B or even C.
In conclusion, with regard to foreign equipment aid, the description of the countries has
brought to light the various approaches by indigenous health authorities to receiving and
using foreign aid. It appears that many developing countries typically adopt a rather
laissez-faire attitude to external assistance, in the sense that generally no objections are
raised about the traditional ways in which aid has been and is being administered. In
those countries equipment aid has largely been used to simply replace defective and/or
obsolete equipment, in an ad-hoc attempt to improve overall performance in the short term.
More successful countries, however, have somehow managed to use a substantial
proportion of the available foreign equipment aid for the development of essential technical
and managerial competences. Although Paper 3 concluded by saying that Yemen and
Ghana receive relatively more foreign aid than Costa Rica, it appears that the way in which
aid is used proves to be more important than the actual value of the aid package,
expressed in monetary terms. In more successful countries, the influx of foreign aid has not
been allowed to become a largely unpredictable entity, with an erratic impact on
performance. Rather, foreign aid has become an integral part of a comprehensive and
coherent management system.

5.6 Research Review and Conclusions
This Series of Five Papers set out to identify and examine successful approaches to
equipment management in the health sector of developing countries. It has done so by
concentrating on a comparative analysis of health equipment performance in selected
developing countries. The applicability of the analytical frameworks and models developed
in this study has significance beyond the three chosen countries; in particular to countries
that (i) are typically non-technology producing, i.e. largely dependent on the importation of
hardware-embodied technology, and (ii) have potential access to foreign aid through
international technical assistance programmes.
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The study has clearly shown that the problem of poor operational performance of
equipment, in the health sector of developing countries, indeed exists. The analysis of the
research data has produced numerical evidence, indicating that a significant proportion of
the current stock of medical equipment in those countries is inoperable and thus not used
to deliver its intended services. In the worst performing of the three countries in the study,
nearly half of the total stock of medical equipment is presently unused, representing a
wastage in monetary terms of over 30 million US dollars. By contrast, in the best
performing country in this study the wastage of resources is limited to less than 10 percent
of the total inventory of medical equipment. This huge variation in performance between
countries has provided the main incentive and justification for this study.
After the introduction and background information provided in Paper 1, an attempt was
made to explain the significant variation in performance between countries by verifying a
number of suggestions made in previous studies. Paper 2 examined a list of factors,
thought to be associated with poor equipment performance. These factors were said to
be:
(i)
(ii)
(iii)
(iv)
(v)

the inherent complexity of the technology incorporated in the equipment,
the degree of heterogeneity of a stock of equipment,
the degree of equipment obsolescence,
size and geographical location of medical centres in which equipment is
located, and
the type of ownership of medical centres in which equipment is located.

It was found that while some of these factors do seem to influence performance in some of
the countries to some degree, none of these factors proved able to account fully for the
striking differences in overall performance between the three countries. It emerged that the
most successful country manages to yield a high performance of their stock of equipment,
which could not be explained by factors which proved to be rather important in other
countries.
Failing to find satisfactory answers, based on suggestions made in previous studies, it
proved necessary to broaden the scope of the study and examine a possible association
between equipment performance and the context in which the equipment is used. For this
purpose an analytical framework was developed in Paper 3. It was found that, although the
best performing country appeared to have put in place the 'strongest' context, the pattern of
variation in overall performance did not match the pattern of variation in overall context.
This finding led to the conclusion that contextual differences themselves also do not fully
explain the variation in operational performance of equipment.
Paper 4 focuses on the managerial processes which take place within a particular context
of structures and resources. Again a detailed analytical framework was developed, by
which each country situation was described, analysed and evaluated. It was found that in
the most successful country in this study the various stages and procedures within the
management process are clearly related and interlinked with one another. Equipment
acquisition, operation, maintenance and replacement are typically interdependent and part
of an integrated and dynamic management system. It became evident that the good
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performer has succeeded in developing a transparent system of management, which is
characterised by a dynamic interaction between an indigenous managerial process (MEM)
and a flexible context of structures and resources (HCTS).
It further emerged that a key feature of effective management is that extensive use is made
of Information Technology (IT), in that the monitoring and evaluation of equipment
performance constitutes a crucial link in an efficient and transparent managerial feedback
process. The findings concerning the integration of managerial aspects and procedures,
as well as the discovery that process and context are essentially interrelated, led to the
development of a general model for the effective management of this type of technology
(Papers 4 and 5).
The main conclusion of this study is that non-technology-producing users of technology in
developing countries will have to be actively involved in the selection and utilisation
process related to the use of hardware-embodied technology. In the case of foreign aid to
developing countries, both donor and recipient will need to reconsider the ways in which
aid has traditionally been administered. Recipients of foreign aid must learn to be critical
of free gifts. Equally important, international banks, foreign aid agencies and international
health workers may have to adjust their policies and strategies, in order to allow for a
greater participation of indigenous equipment managers and health planners.
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Annex 5-1 List of Abbreviations
ADB/ADF
AHA
AT
BID
CCSS
CENDEISS
CHAG
DANIDA
ECHO
FAKT
GNP
GTZ
HCTS
HEI
HES
HFA
HIS
HTA
IDA
IDB
IT
ITDG
MDA
MIS
MoH
MoPH
MRI
MTBF
NGO
ODA
PAHO
PHC
PPM
SIMSS
TCDC
UNDP
UNESCO
UNFPA
UNICEF
UNIDO
USAID
WB
WCC
WDR
WHO
YAR

African Development Bank/Fund
American Hospital Association
Appropriate Technology
Inter-American Development Bank
Caja Costarricense de Seguro Social (Costa Rica)
Centro Nacional de Desarrollo Estratégico e Información Integral de Salud
(Costa Rica)
Christian Health Association of Ghana
Danish Government Technical Cooperation Agency
Equipment to Charity Hospitals Overseas
Fördergesellschaft für Angepaßte Techniken in der Dritten Welt
(Association for Appropriate Technologies)
Gross National Product
German Government Technical Cooperation Agency
Health Care Technical Service(s)
Health Equipment Information
Hospital Engineering Services (Ghana)
Health For All
Health Information System
Health Technology Assessment
International Development Association
Inter-American Development Bank
Intermediate Technology/ Information Technology
Intermediate Technology Development Group
Medical Devices Agency
Management Information System
Ministry of Health
Ministry of Public Health
Magnetic Resonance Imaging
Mean Time Between Failures
Non-Government Organisation
Overseas Development Administration / Official Development Assistance
Pan American Health Organisation
Primary Health Care/ Primary Health Centre
Planned Preventive Maintenance
Sistema Integrado de Mantenimiento de Servicios de Salud (Costa Rica)
Technical Cooperation Among Developing Countries
United Nations Development Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Populations Fund
United Nations Children's Fund
United Nations Industrial Development Organization
United States of America Agency for International Development
The World Bank
World Council of Churches
World Development Report (The World Bank)
World Health Organization
Yemen Arab Republic
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Contact Addresses of International Agencies

Acronym

Full Name

Address

DANIDA

Danish Government Technical
Cooperation Agency

Udenrigsministeriet, Asiatisk Plads 2, 1448 Kbh.K.,
Denmark

DGIS

Netherlands Development
Cooperation

Ministry of Foreign Affairs, Bezuidenhoutseweg 67,
P.O.Box 20061, 2500 EB Den Haag, The
Netherlands

ECHO

Equipment to Charity Hospitals
Overseas

ECHO International Health Services Ltd, Ullswater
Crescent, Coulsdon, Surrey CR5 2HR, United
Kingdom

ECRI

Center for Information Transfer on
Medical Devices

5200 Butler Pike, Plymouth Meeting, PA 19462,
USA

FAKT

Association for Appropriate
Technologies

Fördergesellschaft für Angepaßte Techniken in der
Dritten Welt (FAKT), Gänsheidestr. 43, 70184
Stuttgart, Germany

GTZ

German Government Technical
Cooperation Agency

Postfach 5180, 65726 Eschborn, Germany

ITDG

Intermediate Technology
Development Group

Myson House, Railway Terrace, Rugby CV21 3HT,
United Kingdom

MDA

Medical Devices Agency (formerly
Medical Device Directorate)

Department of Health, 14 Russell Square, London
WC1B 5EP

ODA

Overseas Development
Administration (British Aid)

94 Victoria Street, London SW1E 5JL,
United Kingdom

PAHO

Pan American Health Organization

525, 23rd Street, N.W., Washington DC,
20037-2895, USA

RTI

Royal Tropical Institute

KIT, Mauritskade 63, 1092 AD Amsterdam, The
Netherlands

UNDP

United Nations Development
Programme

1 United Nations Plaza, New York, NY 10017,
USA

UNESCO

United Nations Educational, Scientific
and Cultural Organization

7, Place de Fontenoy, 75352 Paris, 07 SP, France

UNICEF

United Nations Children's Fund

3 United Nations Plaza, New York, NY 10017,
USA

UNIDO

United Nations Industrial
Development Organization

P.O.Box 300, Vienna International Centre, A-1400
Vienna, Austria

USAID

United States of America Agency for
International Development

2201 C Street N.W., Washington, D.C. 20523, USA

WB

The World Bank

1818 H Street, N.W., Washington, D.C. 20433,
USA

WCC

World Council of Churches

P.O.Box 2100, 150 Route de Ferney, 1211 Geneva
2, Switzerland

WHO

World Health Organization

Avenue Appia 20, 1211 Geneva 27, Switzerland
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