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ABSTRACT

The function of a hospital is to meet the acute health
needs of the community it serves., Biomedical instrumentation
maintenance programs have been established to help hospitals
meet these needs through the effective use of technology.
These programs can be provided by both outside and in-
hospital service organizations.

In this study, the elements of an effective biomedical
instrumentation maintenance program are presented, and
various service options are discussed. In addition, data from
surveys carried out 1in selected hospitals and original
equipment manufacturer's vepresentatives in Turkey are
provided.

In Turkey, there are fewer engineers and technicians in
biomedical engineering discipline than are presently
needed. There is only one Biomedical Engineering Institute
at Bogazici University graduating Biomedical Engineers.
Keeping this fact and the findings of the survey in account,
'‘model' biomedical instrumentation maintenance programs for
small, medium-sized and Tlarge hospitals in Turkey are
deve]oped; A case study related to establishing an
in-hospital biomedical engineering -department in Sishi Etfal
Hospifal is also presented.

The proposed 'model' biomedical equipment maintenance
programs will help to provide safe, high quaﬁty medical

care, and effective cost control of this care.
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OZET

Bir hastanenin islevi, hizmet verdigi toplulugun sagdhk
gereksinmelerini karsilamaktir. Hastanelerin bu islevlerinin
gerceklestirirken teknolojinin getirdigi olanaklari dogru ve
verimli kullanmalarini saglamak igin tip cihazlari bakim prog-
ramlary gelistirilmistir. Bu program]ar,‘ hastane]erdg kurula-
cak biyomedikal mihendisligi boliimleri tarafindan uygulanabi-
lecegi gibi, 0zel kuruluslarca da gerceklestirilebilir.

Bu cahsmada, etkin bir tip cihazlari bakim vpmgrammm
bilesenleri sunulmus ve de@isik servis secenekleri tartisil-
mistir. Ek olarak, Tirkiye'deki secilmis hastanelerde ve ftip
cihazlart yapimcilarinin temsilci firmalarinda yapilan arastirma
sonuclart verilmistir.,

Tilirkiye'de halen Biyomedikal Miihendislik alaninda gereken
den daha az mihendis ve teknisyen bulunmaktadir. Biyomedi-
kal MUhendisligi mezunu veren yanhz Bodazici Universitesi
Biyomedikal Mihendisligi Enstitlisd vardir., Bu kosullar ve
arastirma sonuglar1 géz Oniine alinarak Tlirkiye'deki kiiciik,
orta ve biliylk boyutlu hastaneler i¢in 'model' tip cihazlari
bakim programlart gelistirilmistir. Sisli Etfal Hastanesinde bir
biyomedikal miihendisligi bélimiiniin kurulmasy ile ilgili bir
olay incelemesi de sunulmustur,

Bu‘ calismada Onerilen 'model' tip cihazlarm bakim program-
lar1, saghk hizmetlerinin gilivenilir ve kaliteli olmasina ve bu
hizmetlerin maliyet kontrollerinin etkili bir bicimde yapil-

masina yardimci olur.
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L.
INTRODUCTION

The function of a hospital is to meet the acute health care
needs of the community it serves. In achieving this goal
developments in biomedical instrumentation provide a wide
range of support.

Biomedical instrumentation in addition to contributing to
tremendous benefits and improvements in patient care, has
also brought new problems to the hospital. In Turkey they
are largely due to the lack of technical understanding of
hospital personnel in the operation and utility of this new
technology, and inadequate biomedical instrumentation
maintenance programs.

An ineffective biomedical equipment control program will
result in increased risk to patient and operator, increased
hospital lability, noncompliance with regulations and poor
cost-effectiveness as described in Figure 1.1, These
problems are minimized if an effective equipment control
program is available. The benefits of such a program are
improved utilization and performance of equipment, minimized
risk to the patient and hospital personnel due to equipment
malfunction, and "improved cost-control.

A bi’omedical instrumentation maintenance program can be
accomph’shed by one or more of a variety of service

options. The decision on what type of program best fulfils
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the need of any particular hospital depends on many factors.
In most cases, a combination of alternatives provides the
optimal program.

In this thesis, an overview including the elements of an
effective biomedical instrumentation maintenance program and
service options will be provided. In addition, the findings of
the study of programs currently employed in selected
hospitals in Turkey will be presented.Following an analysis
of the study, "model" biomedical equipment maintenance
programs for hospitals in Turkey will be proposed, and a
case study related to establishing an in-hospital biomedical
engineering department will be presented.

Following the introduction, the elements of an effective
biomedical equipment program will be introduced in Chapter
II.

In Chapter III, various service options together with the
advantages and disadvantages will be discussed.

The objectives and findings of the study are presented in
Chapter IV.

Chapter V covers the proposed “model" biomedical ins-
trumentation maintenance programs for hospitals in Turkey.

In Chapter VI, a case study covering several aspects of
establishing an in-hospital biomedical engineering department

(including costs) is presented.



II.
BIOMEDICAL INSTRUMENTATION MAINTENANCE PROGRAM:

AN OVERVIEW

Biomedical dinstrumentation maintenance programs have
been established to help hospitals provide through
technology,safe and high quality medical care. Their purpose
is to ensure that appropriate equipment is available in a safe
and serviceable condition and at a reasonable cost.

An effective maintenance program will include:

i. Equipment selection,

ii. Acceptance testing,

iii. In-service training,

iv. Equipment service- preventive maintenance and

repair,

v. Equipment replacement.

2.1 EQUIPMENT SELECTION

Unless high quality equipment is purchased initially,no
amount of subsequent activity will matter. First clinical
needs must be defined. Following this, the technical specific-
ations of the devices can be decided upon and alternative

sources for providing the equipment evaluated. An advisory



groub comprising specialists from engineering, purchasing,
biomedical engineering and the clinical users need to evaluate
the various alternatives. In doing so, they should consider a
number of points including performance, reliability,
compatibility, repairability, technical support available from
the manufacturer, ease of use, facility requirements,
safety, and overall costs.

Table 2.1 represents typical issues to be considered

before purchasing biomedical equipment.

2.2 ACCEPTANCE TESTING

AN incoming equipment should be inspected for electrical
safety and for conformance with the hospital’s and manufac-
turer's performance specifications before being placed into
service. This initial inspection should confirm that the
equipment is undamag‘ed, safe, all accessories have been pro-
vided, and in proper working order. Advisory group members
involved in the pre-purchase decision should participate in
this acceptance procedure. They should also verify that de-
tailed documentation, including operating and service manuals,
have been provided.

Onte the instrument has passed the incoming inspection
and has been accepted for use, an equipment control number

should be assigned and the instrument appropriately tagged.




PRE~-PURCHASE EVALUATION QUESTIONS

1.Is it properly designed?

2.1s it easy to repair?

3.Does it meet functional expectations?

4.1s it electrically and mechanically safe?
5.Are spare parts to be stocked?

6.Does it require special wiring?

7.Does it meet all standars and codes?

8.Are there manuals and schematics available?

9.Is training required?

Table 2.1 Pre-purchase Evaluation Questions.

A control record should be prepared, catalogued and filed.
These procedures should be followed by a formal commission-
ing session including a demonstration and a period of train-
ing for clinical and biomedical engineering personnel covering

both operating and service details.

2.3 IN-SERVICE TRAINING

No new equipment should be placed 1into service until

appropriate clinical personnel have had adequate training in



its use, servicing and emergency action in the event of
malfunction. Those unfamiliar with the equipment should be
forbidden to operate it unless supervised or until they are
certified in its use.

In-service training may be provided by the technical
service representatives or by the manufacturers represent-
atives. Proper training of medical personnel decreases the
incidence of operator error and misapplication of equipment,
which in turn decreases risk to patient, and reduces the
number of device malfunctions due to misuse or abuse of
equipment. Service calls that involve user errors are time
consuming and very costly. Proper user education represents

an important saving.

2.4 EQUIPMENT SERVICE

If equipment is to remain safe, servicable and xf‘e.h'abkas a
formal system of maintenance is essential. This includes reg-
ular safety inspections, calibration, and routine preventive
maintenance on a planned and controlled basis. The program

should include:

comprehensive safety inspections,

thorough lubrication where appropriate,

calibration,

performance tests,



- final functional check.

A record of these inspections should be maintained for
each device and maintained in a permanant file. These
records provide a means of assessing replacement needs and
the equipments' cost effectiveness.

Following the preventive maintenance and inspection, a
tag should be placed on the device indicating the results of
the inspection. For example, a ground warning tag may be
placed if electrical leakage current exceeds safe limits.

If the scheduled preventive maintenance system is
operating properly, Dbreakdowns should be relatively
infrequent. However,even the most comprehensive program
cannot eliminate random failure. An effective emergency
repair program should be implemented to ensure that such
breakdowns are dealt with immediately and effectively. This
includes an adequate inventory of spare parts that require
frequent replacement and having adequately trained
personnel available to perform repair.

Before requesting service for a defective device, a
‘defective do not use' tag should be placed on the equipment
by clinical personnel to avoid any hazards to patient or
operator. Figure 2.1 represents various equipment tags.

Reports summerizing service calls and repairs should be
maintained. These are useful 1in evaluating the need to

replace equipment with more reliable devices.




This device recently under-
went inspection and pre-
ventive maintenance. Please
check the position and set-
ting of controls, valves,
alarms, and indicators since
they may have been changed
from their previous positions.
Check vaporizer levels and
all patient circuit compo-
nents, including valves and
connectors, for proper opes-
ation and safety. Please
remove this tag upon first
post-inspection clinical use.

BY Date

[P RRv————

DO NOT REMOVE
THIS LABEL

DATE _
NAME

Figure 2.1. Examples of various equipment tags.



2.5 EQUIPMENT REPLACEMENT

Equipment may have to be replaced for one ore more of the

following reasons:

Worn out beyond repair,

Damaged beyond repair,

Unreliable,

Clinically or technically obsolete,

Spare parts no longer available.

No matter who makes the request for replacement- the
user department or servicing group- it is necessary to
document the need for replacement, to allow adequate time to
arrange for appropriate budget allocations and to select the
replacement device wisely. Hurried or unstructured purchase
of replacement equipment should be avoided because it

inevitably leads to poor cost effectiveness.
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IT.
OPTIONS FOR MEDICAL INSTRUMENTATION MAINTENANCE

The maintenance of medical instrumentation in hospitals
can be provided by both outside and in-hospital service
- organizations. The decision on what type of program best
fulfils the need of any particular hospital depends on many
factors. They include size, location, and type of hospital. In
most cases, a conbination of alternatives provides the optimal
program. These alternatives are:

i. Original Equipment Manufacturer,
. Departmevnt Engineers and Technicians,
fii. Plant Engineers or Electricians,

iv. Shared Biomedical Engineering Services,

v. In-hospital Biomedical Engineering Department.

3.1 ORIGINAL EQUIPMENT MANUFACTURER
3.1.1 Responsibilities

The original equipment manufacturer 1is expected to
provide 1'nstrume}ntat1’on of high quality, in accordance with
good ‘manufacturing practices and meeting legal, ethical, and
safety requirements. In addition, the manufacturer has the

responsibility to assure the proper care, and safe and

1



effective wuse of the medical equipment. Therefore complete
and detailed documentation and support are usually available.
The documentation is thorough enough to enable trained
personnel to provide appropriate preventive maintenance and

repair services,

3.1.1.1 Documentation

Complete and easy to understand documentation is requir-
ed for the proper use and support of medical instrument-

ation. Although the specific level of documentation needed

varies with the complexity of the instrument, general documen-

tation requirements for all instruments include the Tfollowing

information:

detailed technical specifications,

full operating, service, and troubleshooting instruc-

1

tions,

detailed parts listing,

i

appropriate schematics,

a statement of warranty.

1

Technical specifications should be written so that trained
personnel can easily understand safety, performance and
repair details. Operating instructions should provide the
device user with specific, detailed.information on the func-
tion ahd operation of the instrument or system.

Service manuals should provide well information necessary

for the inspection, calibration, repair, and maintenance of

12



the instrument or system.

A written warranty should be provided and should include
the length and exceptions to the warranty.

Additional information may include installation
instructions, inspection criteria and expected results,

licenses, releases, and patent information.

3.1.1.2 User Support

The user should be adequately supported in the mainten-
ance and operation of medical devices by appropriate educa-~
tional and training services provided by the manufacturer.
These services may entail special fees over and above the
cost of the equipment, including trips to special training
centers or the manufacturing facility where special in-service
resources are available.

The user should be assisted with routine applications of
the equipment by continuing in-service education and by
offering periodic continuing technical training covering new
applications and aélvanced theory of operation of the
equipment. The manufacturer also should assume providing
the responsibility for maintenance and repair services. Either
the manufacturer or an authorized representative should
offer field service for all nonportable instruments as well as
factory repair services for small or portable instruments
easily shipped. They should also provide the parts necessary

to maintain or repair equipment throughout its useful life.

13



Service contracts should be offered for manufacturer-
authorized repair and maintenance. These contracts should
cover, as a minimum, at least one preventive maintenance
inspection per year; vrepair of any malfunction which
degrades performance or safety ; and documentation to meet
requlatory requirements applicable to the end wuser. A
statement of on-site response time and average repair time, a
description of the qualifications of service personnel, and a
statement on the availability of backup equipment should also
be included in the service contract.

In addition to the documentation and user support require-
ments, the manufacturer must maintain a system for providing
users with updates, modifications, software releases, hazard

notices, and recalls.

3.1.2 Service Provided by the Original Equipment

Manufacturer

Original equipment manufacturers or their service
representatives usually provide vrepair and maintenance
services only for the equipment that they manufacture and
sell. There are large variations in the type, quality, and
availability, of support offered because of similar large
vam’atiohs in the size of manufacturers and in the quality of
their productsf

Services may be purchased under‘a fixed-price contract,

providing a quaranteed form of cost control, or on a per-call

14
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time and material basis.
If manufacturer's or their representative's repair and
service contracts are to be considered, the following advan-

tages and disadvantages should be examined.

3.1.2.1 Advantages

The main advantage of original equipment manufacturer
service is that their service representatives are usually
highly qualified and have specialized training in the specific
equipment that they service. This enables them to efficiently
service equipment with a minimum of downtime. They are
responsible for only one or a limited class of devices and can
thus concentrate their efforts more efficiently. Original
equipment manufacturer service has clear advantages for
specialized, highly complex or one-of-a-~kind medical devices.

The manufacturer can more readily 1'de‘n't1'fy recurring
problems. This service option can also lead to quicker instru-
mentation field updates and manufacturer modifications.

Another advantage-is that for smaller non-installed equip-
ment, a manufacturer's representative may have loaner units
available while the hospital owned equipment is being repair-

ed.



3.1.2.2 Disadvantages

The disadvantages are higher costs, slower response time
and fragmentation.

The original equipment manufacturer service is typically
expensive, with hospitals usually paying an hourly charge
for service calls on a 'portal to portal' basis and for parts
which have a high mark-up. It is common for hospitals to
pay exorbitant prices for parts that are part of lower-cost
service contracts in whicﬁ parts are ‘extra'.

The slower response time is attributed both to travel time
and commitments to other customers. First there is the delay
waiting for the serviceman to arrive. Then there might be
more time lost if he does not have a necessary part with
him, of if he does not have adequate test equipment and
proper tools to deal with the specific problem diagnosis. If,
as is often the case in a hospital, a 'repair' is a matter of
correcting user error, equipment will be taken out of service
unnecessarily, to await the arrival of the serviceman. When
he arrives, he may find nothing wrong with the equipment,
and the hospital is forced to pay for a service call.

Total dependence on manufacturer's service representat-
jves leads to fragmentation of the overall program because
they will service only the equipment they sell.

There is a'Iso'the matter of 'loaners'. Many manufacturers
promise immediate loaners while equipment is being repaired.

However, loaners have been known to take weeks to arrive,

16



and many of them are defective upon arrival. If the unit in
question is not replaced by exactly the same unit, the user
may be unfamiliar with it, and patient care will be
compromised especially if the item is a critical device like a

defibrillator or a respirator,

3.2 PLANT ENGINEERS AND TECHNICIANS

In-hospital plant engineers and electricians, traditionally,
have beén responsible for building systems and operations
including heating, air conditioning, electrical power distri-
bution, and fire safety. These men have very limited knowled-
ge of highly technical and complex medical instrumentation
since they have no biomedical engineering education nor are
they equipped to work in this specialized discipline, which
“requires significant clinical knowledge. Placing medical device
problems in additiop to the routine plant maintenance on
these engineers 1is wunfair both to these men and to the
hospital patients.

As a consequence placing biomedical engineering under
the existing plant engineering department is usually an
ineffective arrangement. The differences in experience,
attitdde, profegsiona1 goals, and motivation between plant
engineering personnel and biomedical engineering personnel

often causes problems in scheduling, in assigning priorities,

17



and in budgetary matters. There is one exception however.
If the chief plant enginner is also a bjomedical engineer,
then it is possible that the biomedical engineering group will

function well under the management of plant engineering.

3.3 DEPARTMENTAL ENGINEERS AND TECHNICIANS

/ Some hospitals, especially teaching ones, have encouraged
individual medical departments- such as surgery, anesthesio-
logy and cardiology- to hire their own engineers or technici-
ans. Unfortunately they usually spend their time on the l‘pe’c
projects’ of one or two influential members of the depart-
ment. This limits their ability to provide the broad spectrum
of technical services required such as evaluation, testing
and repair of all the departments devices.

Another negative aspect of this arrangement is the spoken
or unspoken competition or jealousy between medical depart-
ments. Many departmeﬁts with their own technician will limit
his availability to other departments, even though he has the
appropriate skills to provide a useful service to them. There
will be a minimum of cooperation in the scheduling of his
technical services to other areas of the hospital.

As a consequehce, other medical units will hire their aown
technicians. This leads to duplication of tasks, supplies,

space, and costs. Because skilled biomedical engineers and

18




technicians are scarce resources, this approach is a disser-

vice to the entire health care system.

3.4 SHARED SERVICES

In a shared services arrangement, avnonpr‘oﬁt or profit
organization 1is 1involved in servicing a large number of
hospitals in one geographical area, These organizations
provide technical services such as repair, preventive main-
tenance, and engineering consultation. The member hospitals
of the shared service usually pay for services in proportion
to their use, and the inital capital costs are shared among
the user facilities.

The shared service concept has merit for those hospitals
which cannot afford a full in-hospital capability. When con-
sidering such an arrangement the following advantages and

disadvantages should be examined.
3.4.1 Advantages

The main advantages are decreased cost, speed and
efficiency of service, and a broad technical base of support.
The costs va establishing a maintenance service are
distributed to all hospitals, and the member hospitals usually

retain a representative share of the management control and

19
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development of the program, so start-up costs are reason-
able. In addition, not having to send equipment out for
repair eliminates the cost of transportation.

Response time is usually good when user facilities are
close together,

Since shared services organizations provide a wide range
of services- like equipment information record keeping, in-
coming inspection, accidents investigation- maintenance costs
and the fragmentation of the hospital's overall equipment
control program is reduced. Some of these organizalions also
offer equipment procurement and engineering consultant

services.
3.4.2 Disadvantages

Shared service organization groups usually are not hos-
pital based. There are no in-hospital personnel involved,
so immediate assistance and on-the-spot emergency repairs
cannot be provided.

An excessive number of personnel would be required in
order for a single group to do a proper job in many hospi-
tals at the same time. If the organization 1is not hospital
based, then there may be lack of close supervision of person-

nel.



3.5 IN-HOSPITAL BIOMEDICAL ENGINEERING DEPARTMENT

An in-hospital bijomedical engineering department can
provide a full range of services including initial equipment
checkout, preventive maintenance, repair, inventory control,
inservice training, cost containment, risk management,
pre-purchase evaluation, and engineering design services.
The development and implementation of an effective medical
instrumentation maintenance program including the above
services requires the cooperation of all departments within
the hospital. The responsibilities of all personnel must be

clearly understood.
3.5.1 Responsibilities of Hospital Personnel

Administration should provide adequate work space,
personnel, test equipment, and supplies to enable biomedical
engineering to accomplish its specified objectives. The hos-
pital's administration Amust also provide strong backing and
support to the technical group which will help the group
gain the acceptance, cooperation, and ultimately, the respect
of medical-and nursing personnel. This is important because
the medica1 personnel's formal edu_cah’on placed very little
emphasis on mathematics, physics, or engineering, so they
usually have an inadequate understanding, not only of
complex instfumentation, but also of engineers and engineer-

ing technicians.

21



The medical personnel are responsible for the safe and
proper operation of medical equipment in use within the
hospital. They should participate in the clinical evaluation of
the devices before purchasing new equipment, and should
report malfunctions as they occur to the biomedical engineer-
ing. In conjunction with the department,they should conduct
inservice training programs to ensure the proper operation
and application of the patient-related equipment.

The purchasing and accounting department should provide
current information regarding the prices, availability, and
alternate sources of supply when a new device is going to be
purchased. They should consider several purchasing criteria
together with the biomedical engineering, user department,
and administration before making the purchasing decision.
They should ensure the delivery of the newly-purchased
instrumentation to the biomedical engineering department for
acceptance test. It is also their responsibility to contact the
outside service companies if a service contract is going to be
signed. |

The maintenance and plant engineering department staff
should participate in evaluation of equipment requirements
for installation and renovation, considering the physical

plant requirements.

22




3.5.2 Responsibilities and Organization of the Biomedical

Engineering Department

A centralized in-hospital biomedical engineering depart-
ment can provide a wide variety of services as follows:

- evaluation of new instrumentation on the market,

- review of all medical device burchase requisitions,

- acceptance testing of all newly-purchased hospital

instrumentation,

- repair of all broken or malfunctioning equipment,

- preventive maintenance of hospital equipment,

- patient montioring during major surgery,

- design and construction of speciaﬁzedkinstrumentation

for clinicians and researchers,

- educating medical personnel in the selection, use and

care of medical instrumentation.

In order for an in-hospital biomedical engineering group
to adequately provide the above services, the size of its
staff and facilities must be dictated by the number of the
beds and by the amount and types of instrumentation. How-
ever, a typical organization structure illustrated in Figure
3.1 is common to all in-hospital biomedical engineering
departments.

The‘group should ‘be headed by an engineer who is

responsible for pre-purchase evaluation of the complete

T T TUTTRIET A
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biomedical engineering program. The director of the depart-

ment is responsible only to the hospital's administration.

Director of

B.M. Engineering

Clerical staff

BMET Supervisor

_etc.

|

BMET

BMET

BMET

Figure 3.1 Typical Organizational Structure of an In-hospital

Biomedical Engineering Department.

The supervisor of the biomedical equipment technicians

(BMET) can be an electrical or biomedical engineer, or an

experienced BMET who 1is responsible for scheduling work

and inspections to be performed,and for communicating with

medical staff and equipment vendors.

BMETs are a most valuable component of a successful bio-

medical engineering program. They provide the majority of

the repair, maintenance, calibration, and inspection service.




Electronics technicians can also provide effective repair ser-

vices for the hospital if properly supervised and trained.

3.5.2.1 Advantages

The 1in-hospital program offers significant advantages
including total hospital control and centralization of res-
ponsibility for equipment maintenance, short response times,
improved safety and reduced sources of service. These
advantages lead to increased equipment life expectancy, in
some cases lower costs than other service arrangements,
reduced fragmentation of the hospital's equipment control

program, and better quality care.

3.5.2.2 Disadvantages

One of the main disadvantages of the program is
significant start-up cost. This initial expense 1is necessary
for test equipment, facilities and salaries. A commitment of
time and money are necessary to develoy the program.

In addition, the personnel will not be as specialized as
original equipment manufacturers service representatives

unless specialized skills are developed.
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Iv.
STUDY OF PRESENT CONDITIONS AND FINDINGS

4.1 OBJECTIVES

Before proposing an effective and efficient "model"
medical instrumentation maintenance program for hospitals in
Turkey, the programs currently employed were studied. This
study was an overview, intended to uncover and analyze
problems and deficiencies in the programs which are in use
today. Considering these problems, deficiencies, and
resources will allow the proposed model to be more realistic
and applicable.

In order to gather as much information as possible about
the medical instrumentation maintenance programs and avail-
able service options two questionaires were prepared.

The first questionaire was for hospitals and was composed
of questions arranged in seven sections. They included
equipment selection, purchasing, acceptance, inspection,
calibration, repair, in-service training, hazard control and
documentation. The questions were answered by hospital
personnel who were able to give complete information. If a
single 'person waé not able to answer all questions, the
missing answers were obtained from someone else. Their

alternative solutions for a more complete and effective main-
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tenance program are included in the last section of the
questionaire.

The hospitals in Turkey are catagorized into five groups
including:

i. University Hospitals,

. Ministry of Health and Social Welfare(SSYB)

Hospitals,

ii. Social Security Administration (SSK) Hospitals,

iv. Private Hospitals,

v. State Economic Enterprise (KiT) Hospitals.

The hospitals selected to participate in this study were
from each five types.

A second questionaire was prepared for representatives of
medical equipment manufacturers. The questionaire was
divided into three sections. They included documentation,
service, and in-service training. The five companies selected
to participate in the study were representative of the manu-
facturers who dominate the market in Turkey. The questions
were answered by the heads of the service divisions of these
companies.

Appendix A includes the questionaires, examples from
data, and names of the hospitals and medical equipment

manufacturer's representatives participated in this study.



4.2

FINDINGS

The following sections summarize the findings of the

survey.

4.2.1 Technical Personnel

1.

1.

iii.

Most of the technical personnel in hospitals work in the
plant engineering department. There were no biomedical
engineers or biomedical engineering technicians among
them.

Most of the technical personnel are primary or second-
ary school graduates. Few of them are technical high
school or university graduates. For example, in one of
the hospitals ( with more than 1200 patient beds) there
were 59 technical personnel. Among them there were
only two university graduates and two technical school
graduates, the rest being the graduates of primary or
secondary schoo1é.They have no specific formal train-
ing in  hospital biomedical engineering and medical
equipment servicing.

Since the technical personnel are not specialized in
medical instrumentation and most of them are not
u’nivérsity trained, their salam‘és are not high, varying
from 25,000 TL to 70,000 TL. They generally work

eight hours a day and perform simple repairs within
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4.2.2

1.

29

their skills, and report other malfunctions to their
supervisors. They spend most of their time maintaining
building systems and operations. This would include
heating, electrical power distribution, and other plant
engineering functions.

In some hospitals technical personnel are supervised by
a physicist, an electrical or mechanical engineer.
Although they had no formal training and exposure to
medical equipment or the unique characteristics of the
patient care environment, since their academic expo-
sure facilitates easy adaptation, they are trying to
accomplish the objectives of biomedical instrumentation
maintenance programs as far as the conditions and
regulations allow. They are responsible to the chief of

the medical staff.

Selection, Purchasing, and Acceptance

. Pre-purchase ev‘aluation including the study of clinical

needs and the important attributes of the device or
system before selection for use in the hospital is
performed in some hospitals only by the users, and in
the others by a group made up of users and technical
‘perrsonnel. '

After the decision for purchasing a device is made,a

commission prepares the purchasing specifications.



iii.

iv.

vi.

4.2.3

They also carry out the detailed investigation for
selection of the proper device among the ones available
in the market.

Usually the commission offer an advisory selection, and
the final decision is made in accordance to the advice
either by the dean of the university hospitals or by
special purchasing committes in the others.

With the exception of private hospitals, questionaire
prepared by DPT (Devlet Planlama Teskilat1) for
pre-purchase evaluation and purchase specifications s

being used.

. Acceptance tests are performed in only some of the

hospitals. Usually the users check the performance of
the device, and technical personnel check whether the
performance specifications of the unit meet the manufac-
turer's design specifications.

When a device 1is purchased, in most cases, the
hospital is not provided with the required document-
ation in adequate émounts. However, if available, the
technical literature is kept either in a central library,

or in the user departments.
Inspection, Calibration, Repair

In most of the hospitals there is no formal system of

safety inspections, calibration and routine preventive
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ii.

jit.

maintenance for their clinical devices. In one hospital,
only a single device out of 400 is maintained according
to procedures prepared by the manufacturer. In the
other hospitals either the department head or one of
the technicians are involved in servicing some of the
instruments. However, they don't follow a routine
procedure. It seems that, although some of them have
the necessary test equipment and working space, the
importance of routine inspection, calibration, and main-
tenance is not well understood, and necessary proce-
dures are not developed.

Because of the lack of knowledge and experience in
servicing medical devices, technical personnel are not
able to perform routine instrument repair. They call
the manufacturer representatives in most cases. The
response of these service groups vary,. but it is
usually poor. These services are purchased by hospitals
either on a per-call basis (varying from 5,000TL to
11,000 TL), or dhepending on the complexity of the
repair and device.

There are few examples of yearly fixed-price service
contracts. Usually, if such a contract is signed, the
responsiveness of the represgntaﬁves emergency
service depenlds on the location of the hospital and
number of service personnel available in the company

at that moment. In these contracts response. time is
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usually quaranteed, but may not be followed in prac-
tice. If the manufacturer's representative has loaner
units available, these can be used in the hospital while
the hospital owned equipment 1is being repaired.For
most of the hospitals, their maintenance budget is a
limiting factor for signing such contracts.

iv. Some of the hospitals that have routine inspection
programs rarely maintain up to date records. Occasion-
ally, some of these records are analyzed by the chief
of the medical staff. There is one example where the
documentation system is computerized, but in the
others it is done manually.

v. In most of the hospitals tagging of unsafe equipments

is not available.

4.2.4 Hazard Control and Recalls

Except for the perceduresbin case of fire, there is no
hazard control and recall procedures for accidents that
result from equipment malfunction or electrical accidents. In
some of the hospitals, there are coordinators to organize the

activities only in case of fire.




4.2.5

i.

it

In-Service Training

Most of the in-service training is provided by the
manufacturer's representatives including proper use
and care of the device. For specialized, highly complex
and one-of-a-kind medical devices, the users may be
sent to training centers in other countries, or experts
from the manufacturer provide training on site.
However, staff properly trained in use of medical

equipment frequently moves to other posts, and their
places are taken by those who may not have seen or
operated the apparatus before. Continuing in-service
training is usually not sufficient.

Only in two of the hospitals surveyed, training related

to safety and electrical accidents were available.



V.
“MODEL" BIOMEDICAL INSTRUMENTATION MAINTENANCE
PROGRAMS FOR HOSPITALS IN TURKEY

5.1 GENERAL CONSIDERATIONS

The hospitals in Turkey can be classified into five
groups. Because of wide variations in cost considerations,
regional requirements, hospital size and available expertise
between these groups, it is not possible to define a medical
instrumentaion maintenance program that is suitable for all
hospitals. However, if hospitals are categorized by size,mod-
el programs can be developed. For purposes of this section,
a "small" hospital is defined as one having 1 to 25 beds, a
"medium-sized" hospital has 25 to 100 beds, and a "large"
hospital is one having more than 100 beds.

There are some considerations that apply to all hospitals
irrespective of which ﬁrogram options are selected:

i. It is very important that only one person or department
serve as the central contact for medical instrumentation
maintenance services, and ensure that required inspec-
tion and preventive maintenance activities are carried
out on a tﬁne]y basis for the hospital's biomedical
equipment.

ii. Regardless of which option, inspection, preventive main-
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fii.

iv.

tenance, and repair activities are performed, a central-
ized documentation center for these activities should be
created. When service contractors complete inspection
preventive maintenance activities, they should be requir-
ed to submit copies of their dinspection and preventive
maintenance protocols along with detailed documentation
of the results of their activities to the documentation
center in the hospital. Inspection and equipment control
forms described in Appendix B can be used. Also,
other documentation including hazard and recall infor-
mation with follow-up activities should be provided.
Pre-purchase evaluation procedures should be developed
and followed by a team made up of users and technical
personnel, Consideration should be given to the formal
standardisation of certain types of equipment which will
enable user training and equipment servicing to be
easier and faster. Incoming inspection and acceptance
tests should be performed, and records of these activi-
ties should be pr;ovided.

Availability of repair parts is a problem in Turkey. To
solve this, either manufacturer's vrepresentatives or
hospitals should stock extra parts to be used for emer-
gency repairs. Otherwise in Turkey it generally takes a
long time to order to and receive parts from original
equipment manufacturers. If a service contract is sign-

ed, a clause covering this problem should be included.
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v. In-service training activities related to biomedical
equipment should be arranged by the hospital. The
equipment manufacturer's representatives should provide
user training. These activities should be extended to all
shifts and made for repetative sessions for replacement
staff to receive adequate training.

In addition to the user training, if there are available
technical personnel, adequate service training should be
provided to perform simple or emergency repair.These
personnel should not be permitted to work on medical
equipment wunless they have adequate training and
documentation.

If possible, introducing information about possible
electrical accidents and equipment hazards, and
precautions will allow the medical personnel to use the

instruments safely.

5.2 PROGRAMS FOR HOSPITALS OF VARIOUS SIZES

The following models are related to the size of the
hospital. These models can be further adapted to individual
hospitals depending on financial resources, physical location
with r‘espéct to available contractorlservices, availability of
shared services, equipment density, and type of care provid-

ed. No matter which service organization is responsible for
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equipment maintenance, the functions explained in Chapter II

should be performed.
5.2.1 Small Hospitals

In a small hospital, it is not economical to establish a
biomedical engineering department because of high start-up
costs. Instead, a biomedical equipment technician who is
responsible to the chief of medical staff can be hired. Figure
5.1 illustrates the organizational structure for an in-hospital

biomedical engineering department in small hospitals.

Chief of Medical Staff

Secretary Medical Equipment Technician

Figure 5.1 Organizational Structure for an In-hospital
Biomedical Engineering Department in Small

Hospitals.

The madical equipment technician is more likely to be an
electrician o*r' other maintenance staff with some training in
electrical safety testing. He should report to the chief of
medical staff. Together with the secretary he would be res-

ponsible for maintaining the documentation.
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For servicing medical equipment, the best alternative for

smail hospitals is shared service organizations. Although
such organizations are not widely establisned in Turkey,
some universities have the potential to develop such servic-
es. By allowing sucnh organizations to service hospital's
biomedical equipment, effective maintenance programs can be
ebtablished.

Since the hospital does not have to worry about the
personnel and test equipment, the initial costs will not be
high. For complex and c¢ne-of-a-kind devices contracts
should be signed with the manufacturer's representatives,

For such combinations, the most important thing is the
coordination. The medical equipment technician hired by the
hospital should ensure that equipment maintenance program
is accomplished by the responsible organizations. He sheould
try to participate in the training programs, and alsc perform

simple repair,
5.2.2 Medium-Sized Hospitals

In a medium-sized hospital, a small in-hospital biomedical
engineering = group can be established.The organizational
structure is illustrated in Figure 5.2.

The ‘te&hm‘ca? 'supervisor can be an engineer, or a
qualified and experienced technician with a general

knocwledge of medical instrumentation. He should be respons-
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ible for establisning an effective biomedical instrumentation
maintenance program., For this purpose, he should provide
advice on service contracts with manufacturer’s represent-
atives and available shared services. He should ensure that

documentation of equipment service is maintained. He should

be responsible to the chief of medical staff.

Chief of Medical Staff

Technical Supervisor

Secretary BMET

Figure 5.2 The Organizational Structure for a Biomedical

Engineering Group in a Medium-sized Hospital.

The sophistication -and complexity of equipment in the
hospital would dictate the number of BMETs employed. These
people, generally are electronic technicians but because of
continued exposure to the medical environment evolve into
biomedic.al ‘equipment technicians over time. When tnese
people aré hired, they should be paid sufficiently since they
are valuable and few in number. The BMET should be allowead

to concentrate primarily on biomedical equipment maintenance
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and repair under proper supervision.

5.2.3 Large Hospitals

&

A centralized, in-hospital biomedical engineering depart-
ment is the best alternative for large hospitals. In corder for
such a deparment to function effectively, the size of its staff
and facilities must be dictated by the size of the hospital
and by the amount and types of instrumentation. However,

the crganizational chart illustrated in Figure 5.3 gives a

typical structure and allows for growth and advancement.

Chiaef of Medical Staff

[Clerical Staff Director of

Bicmedical Engineering

Technical Superviser

BMET

Equipment

Technician

Figure 5.3 A Typical Organizational Structure for Biomedical

Engincering Department in Large Hospitals.

40



The director of t‘n.e biomedical engineering department
should be an engineer, preferably a bicmedical engineer.
Trained in a broad spectrum of engineering disciplines,
management, medical instrumentation and physiclogy,biomedi-
cal engineers can quickly adapt to hospitals and succesfully
accomplish the objectives. They should have good relations
with medical personnel which will help the biomedical engi-
neering group to gain acceptance, cooperation, and respect
of the medical staff. The director of bicmedical engineering
group must report directly to the chief of medical staff.

Technical supervisors must be engineers.They must have
had adequate training and exposure to medical instrumenta-
tion so that they can properly supervise the technicians . If
they are experts in some special fields of instrumentation,
they can supervise the BMET and equipment technicians in
the maintenance of that special instrument. Instead of having
tecnnicians with a Tittle knowladge about everything, the

d
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partment will have specialized personnel.Also, it is not
economical to train every technician in the care of every
device found in the hospital.

Maintaining adequate documentation is the responsibility of
the clerical staff. They should ensure that the records of
outside service groups reaches the department.

For éomp]ex‘andlone-oﬂa—kind' devices, service can be
requested from manufacturer's representatives. Initially the
best approach is to sign annual service contracts instead of

paying time and material charges on a per-call basis.
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VI,
CASE STUDY

In the previous chapters the objectives and elements of
the biomedical instrumentation maintenance programs, the
alternatives to provide these programs, and model programs
for small, medium-sized, and large hospitals in Turkey are
presented. This chapter intrcduces several aspects of an
inhospital biomedical engineering department, including
costs, that can be established in S$isli Etfal Hospital.

Sisli Etfal Hospital is a large hospital with 7456 patient
beds. It is supported by the Ministry of Health and Social
Welfare, and has 22 departments offering service to the
patients. There are appreoximately 118 different type

(making a total of 440 in number) of biomedical devi

(@]
D
w

instruments, and systems available for patient care in the

w

hospital., A st of the devices in each user department i

given in Appendix C.

6.1 ORGANIZATION AND RESPONSIBILITIES

In géneral the staff members 'should be responsible in

accomplishing the objectives of an effective bicmedica

——d

instrumentation program as introduced in Chapter II. To



achieve this goal, the department should have the
organization illustrated in Figure 6.1, and for each member

detailed job descriptions should be developed.

Chief of

Medical Staff

Director of

Secretary Biomedical Engineering
Technical Technical
Supervisor Supervisor
BMET BMET
I { ' |
; z { i
Equipment Equipment IEquipment Equipmeant
Technician Technician Technician Technician
e

Figure 6.1 O0rganizational Chart of the In-hospital Biomedical

Engineéring Department for Sisli Etfal Hospital.



The director of the department should be a biomedical
engineer being responsible in departmental administration,
procedural decisions, pre-purchase evaluation, and overall
management functions.

A secretary should provide work orders to the members
of the department and maintain adequate documentation of
maintenance.

The two technical supervisors should be engineers with
adequate training and experience in biomedical istrumenta-
tion. They must be responsible for scheduling work and
inspections to be performed, additional duties include com-
munication with medical staff, equipment vendors, and out-
side service organizations.

The BMETs must provide the majority of the repair,
calibration and inspaction service. They must supervise the
equipment technicians and provide training for them. One of
the equipment technicians should receive special training in
mechanical repairs. The rest should mainly perform elactronic
repairs in addition to mechanical repairs. There should be

some overlap in the training and skilis of the technicians so

«a

that repair and maintenance services can be adequately
covered in the event of illness, vacation, or other absences

of individual staff members,
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The average annual salaries of these staff members are

given below:

(in TL)
Director 1,800,000
Secretary 340,000
Two Technical Supervisors 2,160,000
Two BMETs 1,680,000

Four Equipment Technicians 2,880,000

TOTAL 9,360,000

6.2 SPACE REQUIREMENTS

Adequate space must be available for administrative
functions, for electreonics shop and for a machanical shop,

A minimum of 12 square meter of administrative space for
the director of BME, and & square meter of space for each
technical supervisors and secretary should be provided

A 6 sauare meter space is alsc needed fo house the
computer system {which will be used for documantation),
biomedical equipment library (operator and service manuals
etc.), and maintenance files.

A 14 'square meter space snould be available for electronic
shop. Eacnh BMET and Equipment technician will then have

more than 2 square meter area work space if they perfors
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repairs at the same time, which {is wusually not the
case.

A mechanical shop, 14 square meter, should be available
to accommodate large pieces of equipment such as beds,
operating tables etc., and to house and safely operate a
variety of nonportable machine shop tools (milling machines,
grimders, welders etc.).

For consumables and spare parts a small storage room of
6 square meter should be available.

The necessary changes and additional construction in
the present hospital building, and required office furniture
(tables, cnairs, carpets etc.)will cost approximately 1 million

f

TL.

6.3 TEST EQUIPMENT

The following list of test equipments is prepared by
taking into acount the number and types of devices, and
their probability of requiring repair at the same time. Thnese
devices are categorized by area of application within the
hospital. Some items are not specific and can bé used 1in
many different areas of application, cotheras have a sing
function and are used for only one specific task.

1'.‘ ATl patient care areas: 2 electrical safety analyzers, 1

defibrillator tester, 1 ac outiet polarity tester.



ii. Intensive care units: 1 ECG calibrator, 1 respiration
and temperature simulaters, 2 stop watch, 3 mercury
manomeater,

iii. Respiratory therapy/pulmonary function unit: 1 test
lung, 1 oxygen analyzer, 1 flowmeter,

iv. MNeonatal unit: 4 thermometer, 1 lightmeter.

v. Surgery: 2 electrosurgical unit tester,

vi. Radiology: 1 radiation level detector.

vii. Clinical laboratory: 2 strcboscope.

viii. General purpose electronic test equipment: 1
oscilloscope, 1 signal generator, 1 voltage-controlied ac
gower source, 1 isolation transformer, 1 ammater, 1
resistor and capacitor box.

The overall costs of these test equipments including some

mechanical tools will be around 4 million TL.

6.4 SPARE PARTS

For biomedical devices that are going to be purchased, an
agreement should be made between the buyer and tne seller
in order to guarantee the availability of spare parts when

ad. If seryice contracts are signed for complex, one-of-a-

[m

nee
kind devices, the servicing organization should guarantes

the support of spare parts in certain time limitaticns.
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The hospital should consider a cost of spare parts
approximately as 10 percent of the purchasing value of the

equipment.

6.5 DATA HANDLING

Since Sisli Etfal Hospital can be included into the cat-
egory of large-sized hospitals with 118 different types of
devices, it will be appropriate to have a computerized docu-
mentation system. The benefits of such a system will include
easy access to and updating the records of maintenance,
testing, calibration, and vrepairs for eacn medical device.
This approacn will be useful for purpeses of planning hos-
pital growth, evaluating equipment distribution, replacing
equipment and maintaining proper stock of spare parts. _ |

The computer system that will handle documentation can
be a Personal Computer which together with the aoplications

will cost around 2.5 millions TL.
6.6 BUDGET
The budget should include the start-up costs, that is the

initial capital investment, the manpower, and the cperating

budget.
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The start-up costs will include the costs of the construc-
tion for space requirements, office furniture, test equipment
and the computer system.

The approximate costs of initial capital investment is
given below:

(in TL.)

Construction and Furniture 1,000,000

Test Equipment 4,000,000
Computer System 2,500,000
TOTAL 7,500,000

The approximate cost of manpower is described early in
this chapter (Section 6.2). They total up to 9,360,000 TL.

In addition to the above expenses there will be the
expenses of the operating budget including the cost of office
supplies, outside service fees, telephone and office
expenses, and miscellaneous expenses.

As the numbers imply, the start-up costs of an inhospital
biomedical engineering department can be high, but in the
long term when the benefits of such a department are
considered (refer to Section 2.5), this will be a very

profitable investment to make.



VIL.
CONCLUSION

In this study, "model" biomedical equipment maintenance
programs for hospitals in Turkey are proposed. Prior to the
“model", present conditions and current programs in selected
hospitals in Turkey were studied which allowed the proposed
models to be realistic and applicable. Irrespective of which
model applies to individual hospitals, centralized coordination,
adequate purchase and acceptance, centralized documentation,
effective ~servicing, in-service training, and intelligent
equipment replacement should be provided.

The proposed models are vrelated to the size of the
hospitals. In small hospitals, the approach is to hire a me-
dical equipment technician who will interact with shared
service organizations and original equipment manufacturer's
representatives to ensure proper servicing of biomedical
equipment. In a medium sized hospital, a small in-hospital
biomedical engineem’né group can be established to provide
adequate servicing of biomedical equipment together with ori-
ginal equipment manufacturer's representatives or shared
services. For large hospitals a centralized, in-hospital bio-
medical engineering department is .the best alternative. As
indicated in the 4case .study, the structure of the in-hospital
biomedical engineering department is dictated by the size of

the hospital, and by the amount and types of .instrument-



ation. However,for complex and one-of-a~kind devices origin-
al equipment manufacturer's representatives' service should
be assured.

If properly and effectively provided and managed, these
biomedical equipment wmaintenance programs will lead to
improved patient care, minimal risk to patient and hospital
personnel due to equipment malfunctions, and effective
cost-control.

There are a number Qf factors that will effect the
implementation of these model programs. They are mostly
administrative in nature. Even if the hospital administrator
understands the need, usefulness and advantages of biomedi-
cal equipment maintenance programs,he may not initiate
programs and services that are not specifically required by
law.

Some of the factors related to this attitude are that there
are many people who still view medicine more as an art
rather than as a science, and are resistent to the approach
that modern medicine must interact with technology and work
with engineers and BMETs. Unfortunately, there are fewer
engineers and technicians in this discipline than are present-
ly needéd. To overcome this problem, more universities
should ‘establish appropriate bjomedical engineering prog-
rams. In order to keep the graduates of these programs in
the public. health service, they should be paid higher

salaries than the industry level.
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In addition, standards and regulations should be develop-
ed to guide administrators to develop biomedical equipment
maintenance programs and improve the delivery of effective
health care.

The establishment of effective hospital biomedical equip-
ment maintenance programs in Turkey will contribute signif-

icantly to improved cost effective health care.

(S

ro



APPENDICES



APPENDIX A

QUESTIONAIRES

The names of the hospitals participated in the study are:

SSYB Taksim Hospital

Istanbul University Haseki Cardiology Institute

SSK Goztepe Hospital

Vakif Guraba Hospital

Amiral Bristol Hospital

The  following biomedical equipment manufacturer's
representatives have participated in the survey:

incekaralar

Mesi-Medikal

1

- Tekser

Hatas

1

Yilmaz Ozylirek

The two questionaires used in the survey are pbresented
on the following pages. Starting with page 60, examples from
the answers giveh to the questions by the hospital personnel
are provided. On page 62, examples from the biomedical

equipment manufacturer's representatives answers -are given.



A~ HASTANEYI TANITICI BILGILER

T- Ada
2- Niteligi
3- Yatak kapasitesi

4- Gordgdlen kisi, Unvani

TEKNIK ELEMANLARI TANITICI BILGILER
1- Adet ve Unvan

2- Egitimleri

3~ Uzmani olduklari cihazlar

4~ Tam olarak yetkl ve sorumluluklar:

5- Ucretleri
6- Caligma saatleril
7- Kime karsi sorumlular

8~ Caligmalari igin ayrilmis yer
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C- TIBBI CIHAZ ALIMI VE KABULU
1- Cihaz alinmadan 6nce bunun gerekliligi, sagliyacagi fay-

dalar, bulunan cihaza gore avantajlari, vs. konularinda
caligma yapiliyor mu? (Evet )(Hayir )
Kim tarafindan?

Sartnameler nasil ve kimler tarafindan hazirlaniyor?

Teklifleri dederlendiren seg¢ici kurul kimlerden olusuyor?

Nihayi karari kim veriyor?

Alinmasina karar varilen cihaz hastaneye getirildiginde bel-
li bir sire ile denenip aranan gartlarin bulunup
bulunmadidi, verimli, arizasiz bir sekilde galisip
galigmadidi vs. kontrol ediliyor mu? (Evet )(Hayir )

On kabul ve nihayi kabul deneyleri nasil ve kimler tarafin-
dan yapiliyor?

Cihazla birlikte verilen kullanma, bakim, onarim, ve devre
semalarini igeren kitaplar dizenli bir sekilde birarada
bulunduruluyor mu? (Evet )(Hayir )

Nerede?

TIBBI CIHAZLARIN BAKIM, ONARIM VE KALIBRASYONU
1- Cihazlar igin peryodik bakim ve kalibrasyon programlari uy-

2

3.

gulaniyor mu? (Evet )(Hayir )
Kim tarafindan?

Bakim, onarim, kalibrasyon ve glvenlik programlarinin uy-
gulanmasi ig¢in gerekli test aletleri var mi? (Evet )
(Hayir )

Cihazlara uygqulanan programlarin raporlarl hazirlaniyor ve
diizenli bir gekilde dosyalaniyor mu? (Evet )(Hayir )

Bu raporlar kim tarafindan dederlendiriliyor?

Cihazlar arizaya girdidinde ya da kazalara sebep olacak ge-
kilde tehlike yarattidinda hasta ve saglik perscnelini
uyarmak uzere etiketler kullaniliyor mu? (Evet )(Hayir )
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5~ Arizalanan cihazin onarimi, yedek parga ve sarf malzemesi
gibi ihtiyaglar igin hastahane disindan servis
istendiginde, firmalar talepleri zamaninda ve sorun
yaratmadan karsiliyorlar mi1? (Evet )(Hayir )

6~ Talep edilen Ucretler nedir?

KAZA ONLEME VE KORUNMA PROGRAMLARI

1- Tabbi cihazlarda meydana gelebilecek arizalarin sanucu ola-
rak ortaya ¢ikabilecek kazalar ve bu kazalarin onlenmesi
igin uyulmasl gereken kurallar hastahane personeline
duyuruluyor mu? (Evet ){(Hayir )

Kim tarafindan ve ne sekilde?

2- Herhangi bir kaza aninda bu kazanin sonuglarinin kontrol
altina alinmasi ig¢in koordinatdr gorevi yapmakla
ylikimld bir kimse var mi? (Evet )(Hayir )

3- Kaza kontrolid ig¢in yapilan galigmalarin raporlari tutu-
luyor ve degerlendiriliyor mu? (Evet )(Hayir )
Kim tarafindan?

HASTAHANE PERSONELININ EGITIMI

1- Sorumluluklarinda bulunan cihazlari dodru ve verimli kullan-
malari icin hastahane personeli editiliyor mu? (Evet )

(Hayir )
Kim tarafindan?

2- Kazalardan korunma yontemleri ile ilgili egitim imkanlari
var m1? {(Evet )(Hayir )

Gérigllen kiginin yukarida belirtilen konularda ortaya gi-
kan problemlerin ¢dziml igin Onerileri:
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FIRMANIN ADI
GORUSULEN KISI, ADI VE GOREVI

A~ DOKUMANTASYON
1- Hastanelere, satilan cihazla birlikte asadida belirtilen

dokumanlar veriliyor mu?

a- Teknik Gzellikleri igeren kitap (Evet  )(Hayir )

b- Kullanim kitabi (Evet ) (Hayair )
c- Bakim, onarim, kalibrasyon, mekanik ve elektronik devre

gemalariny igeren kitaplar (Evet Y(Hayir )
d- Garanti siresini, sartlarini, vs. ig¢eren garanti

belgesi (Evet ) (Hayir )
e- Kalite kontrol raporu (Evet  )(Hayir )
f- Kullanmim:i igin oOzel altyapi, mekan ve gevre kosul-

lari gerektiren cihazlarda bu talepleri tanlmlayan kitap

(Evet  ){Hayir )

B- SERVIS
1- Garanti slresi bitiminde hastane ile servis sozlegmelerl

yapiliyor mu? Cegitleri ve silreleri?

2~ Servis sozlesmelerinde bakim ve onarim ig¢in ne tip hizmet-
ler belirtiliyor?

a- Acil servis her zaman yapiabiliyor mu?(Evet Y(Hayir )
b- En geg¢ onarima baglama zamani tesbit ve garanti edili-

yor mu?  (Evet )(Hayir )
c- Onarim bitinceye kadar kullanilmak lzere &ding cihaz

verme sistemi var mi? (Evet )(Hayir )



3- Sozlesme yapilmamis ise istek Uzerine yapilan servis
igin talep edilen Gcret nedir?
a- Bakim ve kalibrasyon dGcretleri
b- Normal mesai saatinde onarim Ulcreti

c- Mesai saati disinda onarim ucreti

d- Yol Ucreti

59

Firma hizmet ve servis sirasinda mesleki hatalardan dolaya
hasta ve hastane personelinin zarar gdrebilecedi kazalara
sebep olma, esya ve aletleri kirip bozma gibi durumlarda,

hasta ve hastaneye tazminat Odeme yUkimlillgl altina
giriyor mu? (Evet  )(Hayir )

C- DIGER HIZMETLER
1- Egitim

a- Cihazin verimli ve dogru kullanilabilmesi igin sorumlu

hastane personelini editici g¢alismalar yapiliyor mu?

(Evet Y(Hayir - )
Nerede ve nasil?

b- Cihazin galigsma prensibi, bakimi, onarimi ve
kalibrasyonu konularini igeren teknik editim
galigmalari diizenleniyor mu? (Evet  )(Hayir )
Kimlere ve nerede?

2- Aliciya cihazlardaki son geligmeler, yeni modeller,
modifikasyonlar, ve kazalar ve oOnlemleri konularinda
peryodik olarak bilgi saglaniyor mu?  (Evet  )(Hayir
Ne sekilde?

D- Gérisgilen kisinin yukarida belirtilen konularda ortaya
¢ikan problemlerin ¢Ozumi i¢in Onerileri nelerdir?
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3- Yatak kapasitesi
1219
4- Gaortsgulen kisi, dnvani

B- TEKNIK ELEMANLARI TANITICI BILGILER

1~ Adet ve Unvan . .
{Elektrik 1 Makinag Mohandiag ‘
1?40&50@,'f£1¢k%f0ﬁdi Yolksele Tebalker
2= Teknoyen

2- Egitigpleri
2 Umversitez tMlezunu , L Scrat-Oudu Mezgnu
Digerlen lkye orta oku) mezuntan

3= Uzman:i olduklari cihazlar .
2 Ejernan EXG , KVVOR | Elekbroftometra

cihozlannda bilg: sahilar.

7- Cihazla birlikte verilen kullanma, bakim, onarim, ve devre
semalarinl icgeren kitaplar dizenli bir gekilde birarada

bulunduruluyor mu? (Evet )(Hayir.”}
Nerede?

D~ TIBBI CIHAZLARIN BAKIM, ONARIM VE KALIBRASYONU
1- Cihazlar ic¢in peryodik bakim ve kalibrasyon programlary uy-

gulaniyor mu? (Evet )(Hayir./)

Kim tarafindan? - . -

Hastanede bulunan 80 cihardan =adece bir tanes Fein, yapiondl

Firoonin verdigi progrom, blldmer gl temfindon uyau langor
2- Bakim, onarim, kalibrasyon ve gilvenlik programlarinin uy-

gulanmasy igin gerekli test aletleri var m? (Evety~]
VYetersi o,

(Hayir )



3- Yatak kapasitesi

30
4- Gdrusilen kisi, dnvan:

po——l

B- TEKNIK ELEMANLARI TANITICI BILGILER

1- Adet ve Unvan
{ Maldna T‘q:JhendZ:;;' 1S Nasifsve Tc:&crﬂ::j"‘"\

T2~ Editimleri . k ’
-~ Y - . o U
1 Uhiyer=ite. enezuny, ciL(jC{" @l o a2 %

va cezith burs crezun ladt

.3- Uzmani olduklari cihazlar

\/OL’\

D- TIBBI CIHAZLARIN BAKIM, ONARIM VE KALIBRASYONU
1- Cihazlar ig¢in peryodik bakim ve kalibrasyon programlari uy-

)(Hayir ./}

gulaniyor mu? (Evet
Kim tarafindan?

2~ Bakam, onarim, kalibrasyon ve glvenlik programlarinin uy-
gulanmasi i¢in gerekli test aletleri var mx? (Evet, )
(Hayir ) Yetersi

3~ Cihazlara uygulanan programlarin raporlar: hazirlaniyor ve
dizenli bir gekilde dosyalaniyor mu? (Evet )(Hayir, ”)
Bu raporlar kim tarafindan deferlendiriliyor?

4~ Cihazlar arizaya girdidinde ya da kazalara sebep olacak gse-
kilde tehlike yarattiginda hasta ve saglik personelini
uyarmak Uzere etiketler kullaniliyor mu? (Evet )(Haqu//f

1- Sorumluluklarinda bulunan cihazlar: dogGru ve verimli kullan-
malari icin hastahane personeli egitiliyor mu? (Evet,”)

(Hayar )
Kim tarafindan? :
Satict Firmalor Tarafindan

2- Kazalardan korunma ydntemleri ile ilgili editim imkanlari
var m1? (Evet )(Hayir.,)

61



B- SERVIS |
1- Garanti siresi bitiminde hastane ile servis sGzlesmeleri

yapiliyor mu? Gegitleri ve siireleri?
Aliciain TS{.CSI d'OSFUthgundq e g\jﬂhk—

s ervis 551\@5,*\q[eri fm;m\éatd:;f.

2- Servis sdzlesmelerinde bakim ve anarim igin ne tip hizmet-

ler belirtiliyor?

) . '
a- Acil servis her zaman yapiabiliyor mu?(Evetv/;ﬁ(Haylr )

b- £n ge¢ onarima baslama zamani tesbit ve garanti edilj-

yor mu?  (Evet " )(Hayir )
c- Onarim bitinceye kadar kullanilmak iizere 8diing cihaz

verme sistemi var mi? (Evetv/MW(Haylr )
aylsing,arita me~ke2ineg olan uml-c-\|§a bc@ .

X Meveut Elaman S
+ Stokda cihaz meveut  ise

3~ SOzlesme yaprlmamig ise istek Uzerine yapilan servis

igin talep edilen Ucret nedir?
a- Bakim ve kalibrasyon Ulcretleri

Clhaza Gdre DeJlsiyor, sabit lbir wore™ ok

o

b- Normal mesai saatinde onarim lcreti
Sabit b Ceret ‘jol’-

c- Mesai saati disinda onarim ucreti
- - 4 .
Salbit b voret woh

d- Yol Ucreti
Syrket +tarafunidan \c.c\r“,::xlc:\f\:j\gr"
[

C- DIGER HIZMETLER
1- Egitim
a~ Cihazin verimli ve dogru kullanilabilmesi ig¢in sorumlu
hastane personelini egitici galigmalar yapiliyor mu?

(Evet// Y(Hayir )

Nerede ve nasil?
Chozg bogh olarale Tilugyede a da nurtdisindg
relbnsle virdnkarea ddrenleomen L orslar (le.

b- Cihazin caligma prensibi, bakimi, onarimi ve
kalibrasyonu konularin: igeren teknik editim
¢aligmalari dizenleniyor mu? (Evet )(Hayir )

Kimlere ve nerede?
Hoskanede . mevaik teknik persongle.
. /‘



APPENDIX B

EXAMPLES OF DOCUMENTATION FORMS

The biomedical equipment inventory card on page 64 and
acceptance report on page 65 are developed by the
Biomedical Engineering Institute at Bofazigi University.

The inspection form on page 67 is developed by the
Emergency Care Research Institute, Pennsylvania. The form
is designed for both major and minor inspection of a wide
range of devices. For each device, separate items pertain to
each inspection. Following the inspection form, two examples
are given related to the use of the forms on pages 68 and €9

For more information see number 20 of the Bibliography.

63



BIOMEDIKAL CIHAZLARI ENVANTER KARTI

ENVANTER NO | CIHAZIN ADI

CIHAZIN SAHIBI  IKULLANLDIG YER IKULLANANLARN AD! ve TELEFONU
BMAE _NO
DEMIRBAS NO | DEMIRBAS MODEL| ve TIPI ERI NO

DEGERI

SIPARIS TARIHI

TESLIM ALINIS TARIH!

IMALATCISI ve ADREY

SATICISI ADRES! ve TELEFONU

KATI KABUL TARHI

LK KULLANIS TARH

LK KULLANAN

BAKIMKITARININ YERIve ADEDI

KULL ANMA REHBER} YERI ve ADEDI

AYAR SORUMLUSY

BAKIM SORUMLUSY

DEGIS IKLIKLER
ve OZE L NOTLAR
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ON KABUL (MUAYENE) RAPORU

TARIH: CIHAZIN ADI:
MUAYENEY! YAPANLAR: MODELI TIPL
SATICISI: _SERI NO:

A_MUAYENE SONUCLARI:

1.Cihaz saglam gelmis mi?

2.Ambalaj listesi ve faturada bildirilen butln parcalar ve yedekler gelmis mi?

3.Kullanma rehbert var m?

L. Kullanma rehberinin adedi

5.Ayar ve bakim rehberi wvar m1?

fAyar ve bakim rehberi adedi

7.Badlantt ve ozelkablolarr var mr?

B.Fisler norma mi ydksa ozel mi?

g Alete elektirik giris sigortas: var- mi?

A0Toprak ucunun sasiye olan direnci 0,10chm veya daha az mi?

11Sasiden topraga olan kawmk akim degerleri
_Acil bakim cihazlarinda 100 mikreamper veya daha az{rms)

_Diger cihazlarda 500 mikroamper veya daha az{rms)

.. |Topmk ik ve
Normal |Toprak agik Polaritedegisince poﬁite degisik

aKapali iken

b.Ack iken




12_Hastaya baglanti uclarindan topraga olan kacak akim:

~Yalitdmis  uclardan 10 XA veya daha az{Kablo ile 204A veya daha az)

“Yalitilmamis uclardan 50 XA veya daha az

Normal | Toprak acik Polarite dedisince

Toprak acik ve
polarite degisik

a_Kapal iken

b Acik iken
Yal:tilmis hastaya baglantt uclarina 220 volt 50Hz sinyal
veya daha az kablo ile 20XA veya daha az)

Normal Polarite degisince

a_Kapal: tken

b_.Acik iken

13_Cihazin calismas: ¢in  illave cihaz vs'ye ihtiyac varsa bildirinZ e .

verilince (104A

14-Muayene sonunda

a.Cihaz tamamdrve colxsabi'.irE:l

5.Cihaz sartnameye uymuyor[ ]

cLihaz noksondlr[:l
a.Cihaz arrzalidid l,

e Gerekli ‘slem

15 Muayene edenlerin imzalar::
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CONTROL NOQ.

LOCATION
DEVICE TYPE

MANUFACTURER

MODEL NO. SERIAL NOQ,
INSPECTOR

DATE

INSPECTION [ MINOR

CHECKLIST NQ.
) MAJOR [} ACCEPTANCE

Inspection Form
P —

5

5200 BUTLER PIKE

System Componznts

Status

Control #

Description

Passed )]
Service

Required ]
Remaved From

Service B
PLYMOUTH MEETIN
PEA‘Yl%;S‘:JLl‘Jijift;rS\;‘G% ESR #
1 |pass| Faill  QUALITATIVE TESTS COMMENTS 2 |pass | Fail QUANTITATIVE TESTS COMMENTS
1.1 CHASSIS/HOUSING ’ 2.1 GROUMDING RES: _Q
1.2 MOUNT/FASTENERS 2.2 MAX. LEAKAGE CURRENT:
1.3 CASTERS/BRAKES Chassis: ___uA Leads: uA
1.4 AC PLUG/ACCESS. QUTLETS Mode: On/OH Norm/Rev.
1.5 LINE CORD 23
16 STRAIM RELIEFS 34
1.7 CIRCUIT BREAKER/FUSE 25
1.8 TUBES/HIOSES 2.5
Tis CABLES 27
1.10 FITTINGS/CONNECTORS 28
1.11 ELECTRODES/ XDUCERS 23
1.12 FILTERS 210
1.13 CONTROLS/SWWCHES Units Set indicated Actual
1.14 HEATER
1.15 MOTOR/PUMP/ FAN/COMP.
1.18 FLUID LEVELS 211
117 BATTERY/CHARGER Units
.18 INDICATORS/DISPLAYS
1.19 USER CALIBRATION
1.20 ALARMS/INTERLOCKS 512
1.21 AUDISLE SIGNALS Uit
1.22 LABELING
1.23 ACCESSORIES —
1.24
1.25 CHECK
COMMENTS:

3 IF DONE P.M.

DESCRIPTION & COMMENTS

3.1 CLEAN

3.2 LUBRICATE
33 CAL{BRATE
3.4 REPLACE

L9



conrnoL No__ LD AL ocanon_ SHurgery Inspection Form System Componenis Staius
DEVICE TYPE in {'ubns'.m”a B sy i - %11 is Cantrol # Description Passed ")
MANUFACTURER Cor o /oy 1 ’ il 2 b Service
MOBEL no,_ LS4 - 1k striaL o, LTV B b 'g__ i ;a Required [
insvecTon_# B DATE H‘/’Lj /5% cHECKLIST 1o, {94y EMA M - I?etl‘}OVQd From -
— ] 5200 BUTLER FIKE Service {1
MSEECTION [] MINOR V/ MAJOR  [] ACCEPTANCE PLYMOUTH MEETING -
§ PENNSYLVANIA 19462 ESR #
1 |Pass | Fall]  QUALITATIVE TESTS COMMENTS 2 | Pass | Fail QUANTITATIVE TESTS COMMENTS
11 {7} CHASSIS/HOUSING 21 |7 GROUNDING RES: Q.20
12 | MOUNT/FASTENERS 22 1/ MAX. LEAKAGE CURRENT: FO 4k
1.3 |7 CASTERS/HRAKES Chassis: ___pA  Leads:____ uA
14 1 AC PLUG/ACCESS. OUTLETS Mode: Gn/Off Norm/Rev.
15 7 LINE CORD 23
16 | STRAIN RELIEFS 2.4
CIRCUIT BREAKER/FUSE 25
TUBES/IIOSES Pocaks o dubes 2.6
CABLES 2.7
FITTINGS/CONNECTORS Fribivss ove, Looso| (2.8
ELECTRODES/XDUCERS 2.9
FILTERS B 5_1:9 }/f Pave. /N cewiae Ny
CONTROLS/SWITCHES Uns @ Waicated | Actual
HEATER me tow 50 (0
MOTOR /PUMP/ FAN/ COMP. v oo 5
FLULD LEVEL 211
BATTERY [ CHARGER Units
INDICATORS/ DISPLAYS
USER CALIBRATION
ALAKMS /11 ERLOCKS Al ot wWorkinl 157
| AUDIBLE SIGHALS D T R L L T T e [7rvri e R E—
TABELING
"ACCESSORIES
| e : ) CHECK ) ] .
COMMENTS: AV s b esioee (e S nfee DR 3 WWDONE .M. DESCRIPTION & COMMENTS
Gt ihhe evid ek o Yareo 31 v/ CLEAN
- i T 3% LUBRICATE
33 CALIBRATE

1.4 REPLACE




contnoL ho,_ 2 S 2 mu\ucm(‘&r dialo. AL Inspection Form System Components ] Status
DEVICE TYPE_ L) brylieetaes, Iy Control_# 99&9!’19“0“ Passed N ‘\L;(
MANUFACTURER__ L0 oy (o Tty 2400 -4 Paddles Sepvice
Mopen wo_ & /0 AN ) Csuwat no, 1A 97 - B Required {1
inspicton ), 1< oare 2 JH A8 cieckust wo. .2.*;!__%___ bzu()Auull[H PIKE Rﬁé?‘l!)\\::‘:i rom {1
INSPECYION \[;J’MlNU!ﬂ {71 MAJOR ] ACCEPTANCE l’}YM()Urll MEETING ) A R
AR PENNSYLVANIA 19462 _ b ESR . T7wo
v |pass | Fail | QUALITATIVE TESTS COMMENTS 2 |Pass| fail| QUANTITATIVE TESTS COMMENTS
L1 [y | | CHASSIS/IIOUSING 21 1y GROUNDING RES.: 0,250
1.2 |7 | | MOUNT/FASIENERS 2.2 MAX. LLAKAGE CURRENT:
13 1./ CASTERS/BRA Chassis: ____ AR lfeuds:_,___,d\ B
La |l P ACPLUGTAC OUTLETS  Ineed Tiniog Mode: On/0f Horm /Rev.
15 .7 LINE CORD ; 23
1.6 . ‘,/ B % ] é(4~
V7 4y ClRCUIT BIREARER /TUSE 25 | o har g ing Tiene Lo Maox. 101k charge {2 sec. )
1.8 S HOSES 2.6 I
1.9 N CAGL"E‘S'» L o Sorne. brobaen 2.7
1107, FITTINGS/ CONNECTORS 8
e EL L(AHOWIS})ZHULLR; 9 [ |
1“12 ) ‘ i '_ 1 v’ N Outnot U neeas Low gnd Mo WY of iy
1.13 v C‘ONH((HS/SW”CI'IES Units gul ladicated Actual _:50(3 5uu[
1.14 HEATER
1.15 MOTOR [ PUMP/ FAN/COMP.
1.16 FLUID LEVELS 511 —
s BATTERY/ CHARGER B Gnits
118}/ 1 INDICATORS DISPLAYS i
119 “USER CALIBRATION
Teol - ALARMS [INTERLOCKS 15
1.21 “AUDIBLE SIGNALS e — -
122|7 | |LABELING —
123 / 'ACCESSORIES —
vzal AN ER AL, Ll Cilaio |
129 O CliECK 4
COMMENTS ‘ - 3 WDONE P DESCRIPTION & COMMENTS
Pluys o g Y e AETAT i1 v CLEAN
Co v b remii e 3.2 LUBRICATE
33 CALIBRATE
a4 REPLACE

69
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LIST OF BIOMEDICAL EQUIPMENTS
IN SISLI ETFAL HOSPITAL

The following list of devices in each user department in

Sisli Etfal Hospital is obtained from the 'Biomedical Devices

Inventory Survey' done by the Biomedical Engineering Insti-

tute at Bodgazi¢i University. For more information about the

results of the survey, see number 16 of the Bibliograpny.
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