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ABSTRACT 

The function of a hospital is to meet the acute health 

needs of the community it serves. Biomedica"1 instrumentation 

maintenance programs have been established to help hosp-itals 

meet these needs through the effective use of technology. 

These programs can be provided by both outside and in

hos pital service organizations. 

In this study, the elements of an effective biomed"ical 

instrumentation maintenance program are presented, and 

various service options are discussed. In addition, data from 

surveys carried out in selected hospitals and original 

equipment manufacturer's representatives 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 Univer~ity graduating Biomedical Engineers. 

Keeping this fact and the findings of the survey in account, 

'mode"I' biomedical in stru me ntatio n mai nten a nce p rog ra m s for 

small, medium-sized and large hospitals in Turkey are 

developed. A case study related to establishing an 

in-hospital biomedical engineering "department -in $i~li Etfal 

Hospital is also presented. 

The proposed 'model' biomedical equipment maintenance 

programs will help to provide safe, high quality medical 

care, and effective cost control of this care. 
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dZET 

Bir hastanenin i~levi, hizmet verd-igi toplulugun sagllk 

gereksinmelerini kar~llamaktlr. Hastanelerin bu i$levlerinin 

gerceklestirirken teknolojinin getirdigi olanaklan dogru ve 

verimli kullanmalannl saglamak kin tlP cihazlan baklm prog

ramlan geli$tirilmi~tir. Bu programlar, hastanelerde kuru1a

cak biyomedikal mi.ihendisligi bOli.imleri taraflndan uygulanabi

lecegi gibi, ozel kurulu$larca da gercekle$tirilebilir. 

Bu <;a"~mada, etkin bir tlP cihazlan baklm programlnln 

bile$en1eY'i sunulmu$ ve degi$ik servis secenekleri tartl$ll

mlstlr. Ek olarak, Ti.irkiye'deki sec;:ilmi$ hastanelerde ve tlP 

cihazlan yaplmcllanl1lll temsilci firmalannda yapllan aY'astu'ma 

son u C 1 a n v e ril In i $ ti r • 

Ti.irkiye'de halen Biyomedikal MUhendislik alamnda gereken

den d a h a a z m U hen d; s v e te k n i s yen b u 1 u n in a k ta d 1 r. B -j Y 0 rn e d i -

kal M U hen disligi rnezu n u veren yanllz B ogaziCi 0 niversites'i 

Biyomedikal MUhendi~ligi EnstitUsU vardlr. Bu kO$ullar lie 

arastlrma sonuclan goz online allnarak TUrkiye'deki kUcUk. 

o rta ve b i.i y U k boy u t 1 u has ta n e 1 e r i Ci n I mod ell tl p ci h a z 1 a n 

ba kllTI prograrn1an geli $tirilmi $tir. $; $li Etfal H astanesin de bir 

biyomedikal mUhendisligi bOlUmUni.in kuru1mas-1 i1e ilg'i1i bir 

olay incelemesi de sunulmu$tur. 

Bu c;:ah$mada onerilen 'model' tlP cihazlan baklm prograrn

lan, saghk hizmetlerinin gi.ivenilir ve !caliteli olrnaslna ve bu 

hizmetlerin maliyet kontrollerinin etkili bir bic.:imde yapll

maSlna yardlmcl olur. 
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I. 

INTRODUCTION 

T he function of a hospital is to meet the acute health cay'e 

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 th-is neltl 

tech nology, and inadequate biomedical instrumentation 

maintenance programs. 

An ineffective b-iomedical equipment control program vllill 

result in increased risk to patient and operator, increased 

hospital liability, noncompliance with regulations and poor 

cost-effectiveness as descri bed in Fig u re 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 biomedical i nstru mentation maintena nee prog ram ca n be 

accomplished by one or more of a variety of service 

options. The decision on what type of program best fulfils 

I 
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Figure 1.1.' Results of an ineffective equipment control program. 
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the need of any particular hospital depends on many factors. 

In most cases, a com bination 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 vlill be presented. Following an analys-is 

of the study, II mo del ll biomedical equipment maintenance 

programs for hospitals in Turkey will be proposed, and a 

case study related to establishing an in-hospital biomedical 

engineering department !tIm be presented. 

FollovJing 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 

ad v antag es and disad vantages wm be discu s sed. 

The objectives and findings of the study are presented in 

Chapter IV. 

Chapter V covers the proposed II model ll 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 

( inc 1 u din g cos ts) is pre sen te d . 

3 



II. 

BIOMEDICAL INSTRUMENTATION MAINTENANCE PROGRAM: 

AN OVERVIEW 

B io medica 1 in stru mentation 

been established to help 

maintenance programs have 

hospitals provide through 

technology,safe and high quality medical care. Their purpose 

is to ensure that appropriate equipment 'is available in a safe 

and sey'viceable 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 

amou nt oJ su bseq uent 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 
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group 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, re-liability, 

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 p u rchasin g biomedical eq uipment. 

2.2 ACCEPTANCE TESTING 

All -incoming equipment should be inspected for electrical 

safety and for conformance \~ith the hospitalrs and manufac

turerls performance specifications before being placed into 

service. This initial inspection should confirm that the 

equipment is undamaged, 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 a-Iso verify that de

tailed documentation, including operating and service manuals, 

have been provided. 

Once the instrument has passed the incoming inspection 

and has been accepted for use, an equipment contl~ol number 

should be assigned and the instrument appropriati>ly tagged. 
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PRE-PURCHASE EVALUATION QUESTIONS 

LIs it properly designed? 

2. Is 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? 

B.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 inc'luding a demonstration and a period of train

ing for clinical and biomedical engineering personnel coverin9 

both operating and service details. 

2.3 IN - SE R V ICE T R 1\ I N 1 N G 

No new equipment should be plt1Ced into service until 

a[Jpropriate clinical personnel have had adequate training in 

6 



"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 trainin g of medical person nel 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 reliable, 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: 

- corn prehensive safety inspections, 

- thorough lubrication where appropriate. 

- cali b ratio n , 

- performance tests, 
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- final functional check. 

A record of these inspections should be maintained fOI~ 

each device and maintained in a permanant file. These 

records provide a means of assessing replacement needs and 

the eq uip ments I 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 propel~ly, breakdowns should be t~elatively 

infrequent. However,even the most comprehensive program 

cannot eliminate random failure. An effective emergency 

repair program should be "implemented to ensure that such 

break dow ns are dealt w-ith im mediately a nd effectively. T h-is 

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 

Idefective do not user tag should be placed on the equipment 

by clinical personnel to avoid any hazay'ds to patient or 

operator. Figure 2.1 represents various equipment tags. 

RepQrts summerizing service calls and repairs should be 

maintained. These 'are useful in evaluating the need to 

replace equipment with more reliable devices. 
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This device recently under· 
went inspection and pre· 
ventive maintenance. Please 
checl< 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 oper
ation and safety. Please 
remove this tag upon first 
post-inspection clinical use. 

BY ____ Dat~-__ -

DATE 

DEFECTIVE 

DO N T 
USE 

DO NOT RENfOVE 
THIS LABEL 

DATE _' ____ _ 

NAME 

Figure 2.1. Examples of various equipment tags. 
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2.5 EQUIPMENT REPLACEMENT 

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

followin g 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 

inev-itably leads to poor cost effectiveness. 
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III. 

OPTIONS FOR MEDICAL INSTRUMENTATION MAINTENANCE 

The maintenance of medical instrumentation in hospital~ 

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, 

ii. Department Engineers and Technicians, 

iii. Plant Engineers or Electricians, 

iv. Shared Biomedical Engineer'ing Services, 

v. In-hospital Biomedical Engineering Department. 

3.1 ORIGINAL EQUIPMENT ~1ANUFACTURER 

3.1.1 Res ponsibilities 

The original equipment manufacturer is expected to 

provide instru mentation of hig h 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 

n 



effective use of the medical eq uipment. Therefore com plete 

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 com plexity of the instru ment. general docu men·· 

tation requirements for all instruments include the follovJing 

information: 

- detailed technical specifications, 

- ful1 operating, service, and troubleshooting instruc-

tions, 

- detailed parts listing, 

- a p prop riate schematics, 

- a statement of warranty. 

Technical specifications should be written so that trained 

person nel ca n easily u nderstan d safety, performance and 

repair details. 0 perating instructions should provide the 

device user with specific, detailed, information on the fu nc

tion and 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 vJarranty. 

Add i ti 0 n ali n form a ti 0 n may inc 1 u d e ins ta 11 a ti 0 n 

instructions, inspection criteria and expected results, 

licenses, releases, and patent information. 

3. l. l. 2 Use r Sup port 

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 tdps to specia-I training 

centers or the manufacturing facility where special in-service 

resources are availab-Ie. 

The use r s h 0 u 1 d b e ass i s te d wit h r 0 u ti n e a p p li c a ti 0 n S 0 f 

the equipment by continuing in-service education :1nd by 

offering periodic continuing technical training covering nevi 

applications and advanced theory of operation of the 

equipment. The manufacturer also should assume providing 

the responsibility for maintenance and repair services. E-ither 

the manufacturer or an authorized representative should 

offer field service for all non portable instru ments as \vell as 

factory repair services for small or portable instruments 

easily ship peel. T hey should also provide the parts necessary 

to maintain or repair equipment throughout its us·eful life. 

13 



Service contracts should be offered for manufacturer

authorized repair and maintenance. These contracts should 

cover, as a minim u m, at least one preventi ve ma; ntena nce 

inspection per year; repair of any malfunction \,.,hich 

degrades performance or safety ; and documentation to meet 

regulatory requirements applicable to the end user. 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 

IVlanufacturer 

Original equ'ipment manufacturers or their service 

re p resentativ es us u ally p rovid e re pair and m ai nte n a nce 

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 similat' large 

variations in the size of manufacturers and in the quality of 

their products. 

Services may be purchased under a fixed-price contract, 

providing a quar'anteed form of cost contro'l, or on a per-call 

14 



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 A d van ta g e 5 

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 c"lass of devices and can 

thus concentrate their efforts more efficiently. OY'"iginal 

equipment manufacturer service has clear advantages for 

specialized, highly complex or one-of-a=kind medica"1 devices. 

The manufacturer can more readily identify recurring 

problems. This service option can also "lead to quicker instru

mentation field updates and manufacturer modificatioils. 

Another advantage is that for smaTler non-installed equip

ment, a man ufactu rey-'s representative may ha ve loa ner units 

ava"ilable while the hospital owned equipment "is being repair

ed. 

15 



3 . 1. 2 . 2 0 i s a d van ta g e s 

The disadvantages are higher costs, slower response time 

an d frag mentation. 

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 hosp'jtals to 

pay exorbitant prices for parts that are part of lower-cost 

service contracts in which parts are 'extra'. 

The slower response time is attributed both to travel t-ime 

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 diag nosis. 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. l~hen 

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

ives leads to fragmentation of the overal1 program because 

they will, service only the eq ui p ment they sell. 

T here is a"so the matter of 'loaners'. Many manufacturers 

promise immediate loaners while equipment is being repJired. 

However, loaners have been known to take ~."eeks to arrive, 
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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, an d patient care will be 

compromised especially if the item is a critical device like a 

defib rillator or a res pirator. 

3.2 PLANT ENGINEERS AND TECHNICIANS 

In-hospital plant engineers and electricians, traditionally ~ 

have been responsible for building systems and operations 

including heating, air condition"ing ~ electrical power distr"j·

bution, and fire safety. These men have very limited knowled

ge of hig h"ly tech nical and com plex medical -instru mentation 

since they have no biomedical engineering education nor aY'E~ 

they equipped to work in this specialized discipline, \'Ihich 

requires significant clinical knowledge. Placing medical device 

problems in addition to the routine plant maintenance on 

these engineers is unfair both to these men and to the 

hos pital patients. 

As a consequence placing biomedical eng"ineering under 

the existing plant engineering department is usually an 

ineffecti,ve arran gement. T he differences in ex perience, 

attitude. professional goals, and motivation between plant 

engineering personnel and biomedical engineering personnel 

often causes problems in scheduling. in assigning priorities. 
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and in budgetary matters. There is one exception however. 

If the chief plant enginner is also a biomedical engineer, 

then it is possible that the biomedical engineer'ing group will 

function well under the management of plant engineeY'ing. 

3.3 DEPARTMENTAL ENGINEERS AND TECHNICIANS 

Some hospitals, especially teaching ones, have encouraged 

i n d i vi d u a 1 m e d ic a 1 d epa rt men ts - s u c has sur g e r y, a n est h e s i 0-

logy and cardiology- to hire their own engineers or technici

ans. Unfortunately they usually spend their time on the Ipet 

projects· of one or two influentia"J members of the depart

ment. This limits their ability to provide the broad spectrum 

of technical services requit'ed such as evaluation, testing 

and repair of all the departments devices. 

1\ nother negative aspect of this arrangement is the spoken 

or unspoken competition or jealousy between medical depart

ments. Many departments with their own technician v-lill limit 

his availability to other departments, even thou 9 h 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 t~e hospital. 

As a consequence, other medical un"its will hire their own 

technicians. This leads to duplication of tasks, supplies., 

space, and costs. Because skilled biomedical engineers and 
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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, a non profit or profit 

organization is involved in servicing 

hospitals in one geographical area. 

a large number of 

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 A d van ta g e s 

The main advantages are decreased cost, speed and 

efficiency of service, and a broad technical base of support. 

The costs of establishing a maintenance service are 

distributed to all hospitals, and the member hospitals usually 

retain a representative share of the management contro'l and 
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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 organizations also 

offer equipment procurement and engineering consultant 

set'vices. 

3 . 4 . 2 0 i sad van ta g e s 

Shared service organization grou ps usually are not hos

pital based. There are no in-hospital personnel "involved, 

so i m mediate assista n ce and 0 n -th e-s p at e In erg e ncy re p ai rs 

cannot be provided. 

An excessive number of personnel would be required "jn 

order for a single group to do a proper job in many hospi

tals at the same t"ime. If the organization is not hospital 

based, then there may be lack of close supervision of person

nel. 
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3.5 IN-HOSPITAL BIOMEDICAL ENGINEERING DEPARTMENT 

An in-hospital biomedical engineering department can 

provide a full range of services including initial equipment 

checkout, preventive maintenance, repair, in ventory control, 

in service 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 cooperat-ion of all departments ~~ithin 

the hospital. The responsibilities of all personnel must be 

clearly understood. 

3.5.1 Responsibilities of Hospital Personnel 

Administration should provide adequate work space. 

per son n e 1, te s t e qui p men t , and sup p 1 i e s to e nab 1 e b i 0 m e d i cal 

engineering to accomplish its specified objectives. The hos

pital's administration must also provide strong backing and 

support to the technical group which win help the group 

gain the acceptance, cooperation, and ultimately 9 the respect 

of medical and nursing personnel. This is important because 

the medical personnel's formal education placed very little 

emphas'is on mathematics, physics, or engineering, so they 

usually have an inadequate understanding, not only of 

complex instrumentation, but also of engineers and engineer

ing technicians. 
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The medical personnel are responsible for the safe and 

proper operation of medical equipment in use ItJithin the 

hospital. They should participate in the clinical evaluation of 

the devices before purchasing new equipment, and should 

report lI1alfu nctions as they occu r to the biomedical en g-j neer

ing. In conjunction ItJith 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 cr-iteria 

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 corn panies if a service contract is goin g to be 

sig ned. 

The maintenance and plant engineering department staff 

should participate in evaluation of equipment requirements 

for installation and renovation. considering the physical 

plant requirements. 
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3.5.2 Responsibilities and Organization of the Biomedical 

En gineeri n g 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 purchase requisitions. 

- acceptance testing of all newly-purchased hospital 

instrumentation, 

- repair of all broken or malfunctioning equ"ipment, 

- preventive maintenance of hospital eq uip rnent, 

- patient montioring during major surgery, 

- design and construction of specialized instrumentation 

for clinicians and researchers, 

- educating medical personnel in the selection, use and 

care of medical instru mentation. 

In order for an in-hospital biomedkal engineering group 

to adeq uately provide the above services, the size of -its 

staff and faci1ities must be dktated 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 

de part men ts . 

The group should be headed by an enqineer who is 

responsible for pre-purchase evaluation of the complete 
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biomedical engineering program. The director of the depart-

ment is responsible only to the hospital's administration. 

Director of I 
B.M. Engineer:.:j 

BMET 

[ 
I B MET I 

Figure 3.1 Typical Organizational Structure of an In-hospital 

Biomedical En gineerin 9 Department. 

The supervisor of the biomedical equipment technicians 

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

experienced BMET who is responsible for scheduling work 

an dins pections to be performed tan d for com m u nicatin 9 with 

medical staff and equipment vendors. 

B METs are a most valuable component of a successful bio

medkal engineering. program. They pr-ovide the majority of 

the repair, maintenance,' calibration, and ins pection service. 
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Electronics technicians can also provide effective repair ser

vices for the hospital if properly supervised and trained. 

3.5.2.1 Advantages 

The in-hospital program offers significant advantages 

including total hosp"ital 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 disa d vanta ges of the pro g ram is 

significant start-up cost. This initial expense is 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 

ori ginal eq uip ment ma n ufactu rers service representatives 

unless specialized skills ar'e developed. 
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I V • 

STUDY OF PRESENT CONDITIONS AND FINDINGS 

4.1 OBJECTIVES 

Before proposing an effective and efficient II mo del ll 

medical instrumentation maintenance program for hospitals in 

Turkey, the progr'ams 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'J 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 ma'intenance programs and avail

able service options hID q uestionaires were prepared. 

The first questionaire was foy' 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 

docu mentation. The questions were ans wered by has pita"1 

personnel ,who were able to give cO,mplete information. If a 

single person was 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 

q uestio naire. 

The hospitals in Turkey are catagorized into five groups 

including: 

i. University Hospitals, 

ii. Ministry of Health and Social Welfare(SSYB) 

Hospitals, 

iii. Social Security Administration (SSK) Hospitals, 

iv. Private Hospitals, 

v. State Economic Enterprise (KiT) Hosp-itals. 

The hos pitals selected to participate in this stu dy "Jere 

from each five types. 

A second questionaire was prepared for representatives of 

medical equipment manufacturers. The questionaire ~Jas 

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 

COin panies. 

Appendix A includes the questionaires, examples from 

data, and names of the hospitals and medical equipment 

manufacturer's representatives participated in this study. 
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4.2 FINDINGS 

The following sections summarize the findings of the 

survey. 

4.2.1 Technical Personnel 

i. Most of the technical personnel in hospitals \II/ork in the 

plant engineering department. There were no biomedical 

engineers or biomedical engineering technicians among 

them. 

ii. 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 tech nieal person nel. Amon 9 them there were 

only two university graduates and two technical school 

graduates, the rest being the graduates of primary or 

secondary schools. They have no specific formal train

ingin hospital biomedical engineering and medical 

e qui p men t s e r v i ci n g . 

iii. Since the technical personnel are not special-ized in 

medical instrumentation and most of them are not 

university trained, their salaries are not hig h, 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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their skills, an d report other malfu nctions to their 

supervisors. They spend most of their time maintaining 

building systems and operations. This would include 

heat-ing, electrical power distribution, and other plant 

engineering functions. 

iv. 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 un-ique 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 th(~ ch-ief of 

th e medical staff. 

4.2.2 Selection, Purchasing, and Acceptance 

i. Pre-purchase evaluation 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 

person nel. 

ii. After the decision for purchasing a device -is made,a 

commission prepares the purchasing specifications. 
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T hey also carry out the detailed in vestigation for 

selection of the proper device among the ones available 

in the market. 

iii. 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 hos pitals or by 

special purchasing committes in the others. 

iv. With the exception of private hospitals, questionaire 

prepared by OPT (Oevlet Planlama Te~kilatl) for 

pre-purchase evaluation and purchase specifications is 

being used. 

v. 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 rnanufac

tu rer's desig n specifications. 

vi. When a device is purchased, in most cases, the 

hosp-ital is not provided with the required document

ation in adequate amounts. However, if ava-ilable, the 

technical literature is kept either in a centrallibrar'y, 

or i nth e use r de part III e n ts . 

4.2.3 Inspection, Calibration, Repair 

i. In most of the hospitals there is no formal system of 

safety inspections, calibration and routine preventive 
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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 don1t follow a routine 

procedure. It seems that, although some of them have 

the n e c e s s a r y te s t e qui p men tan d \'JO ¥' kin 9 spa c e, t h t~ 

importance of routine inspection, calibration, and main

tenance is not well understood, and necessary proce

d u res are not developed. 

ii. 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 depending on the complexity of the 

repair and device. 

iii. T here are few exam ples of yearly f-ixed-price service 

contracts. Usually, if such a contract is signed, the 

responsiveness of the representatives emergency 

service depends 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 quar'anteed, but may not be followed in prac

tice. If the manufacturer's representative has loaner 

units available, these can be used in the hosp'ital while 

the hospital owned equipment is 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. T here is one exam ple w here the 

documentation system is computerized, but in the 

others it is done manually. 

v. In most of the hosp-itals tagging of unsafe eqLriprnents 

is not available. 

4.2.4 Hazard Control and Recalls 

Except for the procedures in case of fire~ there is no 

hazard control and recall procedures for accidents that 

result from equipment malfunction or electY'ical accidents. In 

some of the has pitals, there are coordinators to organize the 

acti vities only in case of fire. 
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4.2.5 In-Service Training 

i. 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 ;n 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. 

ii. Only in two of the hospitals surveyed, training related 

to safety and electrical accidents were available. 
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V. 

"lvJODEL Il BIOMEDICAL INSTRUMENTATION MAINTENANCE 

PROGRAlvJS FOR HOSPITALS IN TURKEY 

5.1 GENERAL CONSIDERATIONS 

The h os pitals in Turkey can be classified into five 

groups. Because of wide variations in cost considerations~ 

regional requirements, hospital size and available expertise 

between these grou ps, it is not possib-Ie to define a medical 

instru mentaion maintenance program that is su·itable 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 

II me dium-sized ll hospital has 25 to 100 beds, and a "large" 

hospital is one having more than 100 beds. 

T here are some considerations that apply to all hospitals 

irrespective of which program options are selected: 

i. It is very im portant 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 timely.basis for the hospital1s biomedical 

equipment. 

ii. Regardless of which option, inspection, prevent"ive main-
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tenance, and repair activities are performed, a central

ized documentation center for these activities should be 

created. W hen service contractors com p"lete ins pection 

preventive maintenance activities, they should be requir

ed to submit copies of their inspection 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-u p activities should be provided. 

iii. 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 VJhich 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 provided. 

iv. Availability of repair parts is a problem in Turkey. To 

solve this. either manufacturer's representatives or 

hospitals should stock extra parts to be used for emey'

gency repairs. Otherwise in Turkey it generally takes a 

long time to ord.er 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 hospita1. The 

equipment manufacturer1s 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 sel~vice train"ing should be 

provided to perform simple or emerg(~ncy repair'. These 

personnel should not be permitted to work on medical 

equipment unless 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 

instru ments 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 indiv"idual 

hospitals depending on financial resources, physical location 

with respect to available contractor services, avaflability 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 

s h a u 1 d be p e rfo r m e d . 

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 smal1 hospitals. 

I Chief of Medical Staff! 

I 
I I 

Secreta ry Medical Equipment Technician 

Figure 5.1 Organizational Structure for an In-hospital 

Biomedical Engineering Department in Small 

Hospitals. 

The medical equipment technician is more likely to be an 

e1ectrician or other maintenance staff \'1ith 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 

small hospitals is shared service organizations. Although 

such organizations are not I,\fidely established in Turkey, 

some universities have the potential to develop such servic

es. By alloltling such 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 one-of-a-kind devices contracts 

should be signed with the man ufactu rer's rep resentatives. 

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 should 

try to participate in the training programs, and also perform 

simple repair. 

5.2.2 t~edium-Sized Hospitals 

In a medium-sized hospital, a small in-hospital biomedical 

eng i nee ri il g 9 r 0 U P can bee s ta b 1 ish e d . The 0 r 9 ani z a ti 0 n a 1 

structure is illustrated in Figure 5.2. 

The te c h n i cal sup e r vis 0 rca n be an eng i nee r ,or a 

qualified and experienced technician with a general 

knolt/ledge of medical instrumentation. He should be respons-
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ible for establishing an effective biomedical instrumentation 

maintenance program. For this purpose, he should provide 

advice on service contracts with manufactur'er'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 
, 

I 
T ec h nical Supervisor 

I 
I I 

Secretary I BMET I 
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 It/ould dictate the number of 8~1ETs employed. These 

people, generally are electronic technicians but because of 

continued exposure to the medical environment evolve into 

biomedical equipment technicians over time. \~hen these 

people are hired,. they should be paid sufficiently since they 

are va1uable and few in number. The Br~ET should be allo'tied 

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

5. 2.3 l a r 9 e H 0 S pita 1 s 

A centralized, in-hospital biomedical engineering depart-

ment is the best alternative for large has pitals. In order 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 instru;nentation. However, 

the organizational chart illustrated in Figure 5.3 gives a 

typical structure and allows for growth and advancement. 

Chief of ~ledical Staff 

Clerical Staff Director of , 

Biomedical Engineeringl 

Tech nieal Supervisor 

Equipment 

Technician 

Figure 5.3 A Typical 'Organizational Structure for Biomedical 

Eng i nee ri n g 0 epa rt men t i il l a r 9 e H 0 s pita 1 s . 
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The director of th e biomedical en g1 neerin 9 de partment 

should be an engineer, preferably I • , ., • a DlOmedlcal englneer. 

Trained in a broad spectrum of engineering disciplines, 

management, medical instrumentation and phys~ology,biomedi-

cal engineers can quickly adapt to hospitals and succesfully 

accom plish the objectives. T hey should have good relations 

with medical personnel which \'1 ill help the biomedical engi-

neering group to gain acceptance, cooperation, and respect 

of the medical staff. The director of biomedical 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-

tior. so that they can properly supervise the technicians. If 

they are experts in some special fields of instrumentation, 

the y can sup e r vis e the B fYl ETa n d e qui p men t te c h n ic ian sin 

the maintenance of that special instrument. Instead of having 

technicians with a little knowledge about everything, the 

department 'f/il1 have specialized personne1.J\lso, it is not 

economical to train every tech nician in the care of every 

device found in the hospital. 

t~aintaining adequate documentation is the responsibility of 

the clerical staff. They should ensure that the records of 

outside service groups reaches the department. 

For complex· and one-of-a-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. 



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 introduces several aspects of an 

inhospital biomedical engineering department, including 

costs, that can be established in Si$li Etfal Hospital. 

Si$li Etfal Hospital is a large hospital with 746 patient 

beds. It is s IJ p ported by the ~1inistry of Health and Social 

Welfare, and has 22 departments offering service to the 

patients. There are approximately 118 different types 

(making a total of 440 in number) of biomedical devices~ 

instruments, and systems available for patient care in the 

hospital. A list of the devices in each user department is 

given in Appendix C-. 

6.1 ORGANIZATION AND RESPONSIBILITIES 

In g2 nera1 th e staff mem bers . s houl d be res po n si b 1e in 

accomplishing the objectives of an effective biomedical 

instr'umentation program as introduced in Chapter II. To 
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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 

t~ edica 1 Staff 

Director of 

I Secretary i Biomedical Engineering 

I 
I Technical 

-----.,. 

r 

Tech nical 

I Supervisor 

I 
I B M'ET I 

f 
EqUiPmentl 

Technician 

! 
1 

EqUiPment] 

Technicia'l 

S u perv;sor 

IEquipment 

!Technician 

Equipm;ent 1 

Technician I 
i 

Figure 6.1 Organizational Chart of the In-hospital Biomedical 

Engineering Department for $i~li Etfal Hospital. 
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The director of the department should be a biomedical 

engineer being responsible in departmental administration 3 

procedural decisions, pre-purchase evaluation) and overall 

management fu nctions. 

A secretary should provide work orders to the rr,em bers 

of the department and maintain adequate documentation of 

m ai ntena nce. 

The two technical supervisors should be engineers \'iith 

adequate training and experience in biomedical istrumenta

tion. They must be responsible for scheduling work and 

inspections to be performed, additional duties include com

m u n ic a ti 0 n VI i t h m e d i cal s ta ff. e qui p men t v end 0 r s, and 0 u t

side service organizations. 

The B~lETs must provide the majority of the repair, 

calibration and inspection 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 electronic 

repairs in addition to mechanical repairs. There should be 

some overlap in the training and skills of the technicians so 

that repair and maintenance services can be adequately 

covered in the event of fllness, vacaMon, or other absences 

of individual staff members. 
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The average annual salar'ies of these staff members are 

9 i v e n bel 0 'II : 

(in TL) 

Director 1,800,000 

Secretary 840,000 

Two Technical Supervisors 2,160,000 

T"'Io BMETs 1,680,000 

Four Equipment Technicians 2,880,000 

TOT A L 9,360, 000 

6.2 SPACE REQUIR01ENTS 

Adequate space must be availabie for administrative 

functions, for electronics shop and for a mechanical shop. 

A minimum of 12 square meter of administrative space for 

the director of BME, and 6 square meter of space for each 

technical supervisors' and secretary should be provided 

A 6 square meter space is also needed to house the 

computer system ( 
,.. t "', Wnlcn 'iJlII be used for documentation), 

biomedical equipment library (operator and service manuals 

etc.), and maintenance files. 

A 14 'square meter space should' be available for electronic 

shop. Each Bi'lET and Equipment technician 1,'1;11 then have 

more than 2 square meter area work space if they perform 



rep.,.airs at the same time, 't/hich is usually not the 

case. 

A mechanical shop, 14 square meter, should be avaihble 

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, 

gr~ders, 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, chairs, carpets etc.)will cost approximately 1 million 

Tl. 

6 • 3 T EST E QUI P i~ E N T 

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. These 

devices are categorized by area of application within the 

hospital. Some items are not specific and can be used in 

maI1Y different areas of application, otheras have a single 

function. and are used for only one· specific task. 

i. All patient care areas: 2 electrical safety analyzers) 1 

defibrillator tester, 1 ac oL;tlet polarity tester. 
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ii. Intensive care units: 1 ECG calibrator, 1 respiration 

and temperature simulators, 2 stop watch, 3 mer'cury 

manorneter. 

iii. Respiratory therapy/pulmonary function unit: 1 test 

lung, 1 oxygen analyzer, 1 fiohmeter. 

iv. Neonatal unit: 4 thermometer, llightmeter. 

v • Sur 9 e r y: 2 e 1 e c t r 0 sur g ic a 1 u nit te s te r . 

vi. Radiology: 1 radiation level detector. 

vii. Clinical laboratory: 2 stroboscope. 

viii. General purpose electronic test equipment; 1 

oscilloscope, 1 sig nal generator, 1 voltage-controlled ac 

power source, 1 isolation transformer, 1 ammeter, 1 

resistor and capacitor box. 

The overall costs of these test equipments including some 

mechanical tools hill be around 4 million TL. 

6.4 SPARE PARTS 

For biomedical devices that are going to be purchased~ an 

agreement should be made bet\I/een the buyer and the seller 

in order to guarantee the availability of spare pa.rts i'ihen 

needed. If service contracts are sig ned for com plex, one-of-a

kind devices, the servicing organization should guarantee 

the support of spare parts in certain time limitaticns. 

47 



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 $i$li Etfa1 Hospital can be included into the cat

egory of large-sized hospitals with ll8 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 repairs for each medical device. 

This approach will be useful for purposes of planning hos

pital growth, evaluatin g 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 vlith the applications 

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 manpovler, and the operating 

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 

TOT A L 7,500,000 

The ap proximate cost of man power 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. 
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V II. 

CONCLUSION 

I nth is stu d y, II mod e 1" b i 0 m e d i cal e qui p men t m a i n te nan c e 

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 hospita"ls, centralized coordination, 

adeq uate p u rc hase an d acceptance; centralized docu mentation. 

effective servicing, "in-service training, and intelli~Jent 

equipment replacement should be provided. 

T he proposed models are related 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 ensuy'e proper servicing of biornedical 

equipment. In a medium sized hospital, a small in-hospita"\ 

biomedical engineering group can be established to provide 

adequate servicing of biomedical equipment together vdth ori

ginal eq uip rnent rna n ufactu rer's representatives or shared 

services. For large hospitals a centralized, in-hospital bio

medical engineering department is the best alternative. As 

indicated in the case ,study, the sty'ucture of the in-hospital 

biomedical engineering department is dictated by the size of 

the hospita"l, and by the amount and types of instrument-
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ation. However,for complex and one-of-a-kind devices or-igin

al equipment manufacturer's representatives ' service should 

be assured. 

If properly and effectively provided and managed, these 

biomedical equipment maintenance programs will lead to 

improved patient care, minimal risk to patient and hospital 

personnel due to equipment malfunctions, and effective 

cost-control. 

T here are a n umber of factors that will effect the 

im plementation of these model programs. T hey 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 specifica"\1y required by 

la'lJ. 

Some of the factors related to this attitude are that they'e 

are many people who still view medicine more as an ay't 

rather than as a science, and are resistent to the approach 

that modern medicine must interact vdth technology and work 

~~ith engineers and BMETs. Unfortunately, there are fei-Jer 

engineers and technicians in this discipline than are present

ly needed. To overcome this problem, more universities 

should 'establish appropriate biomedical engineering prog

rams. In order to keep the 9Y'aduates 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 reg ulations should be develop

ed to guide administrators to develop biomedical equipment 

maintenance programs and im prove the delivery of effective 

health care. 

The establishment of effective hospital biomedical equip

ment maintenance programs in Turkey will contribute signif

icantly to im proved cost effective health care. 
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APPENDICES 



APPENDIX A 

QUESTIONAIRES 

The names of the hospitals participated in the study are: 

- 5S Y B Taksim Hospital 

- Istanbul University Haseki Cardiology Institute 

- 55 K Goztepe Hospital 

- Vaklf Guraba Hospital 

- Ailliral Bristol Hospital 

The followin 9 biomedical equipment manufacturer's 

representatives have participated in the survey: 

- incekaralar 

- t-'Iesi-Medikal 

- Tekser 

- H atas 

- Yllmaz QzyiJrek 

The two questionaires used in the survey are presented 

on the following pages. Starting wit~ page 60, examp1es from 

the answers given to the questions by the hospital personnel 

are provided. 0 n page 62, examples from the biomedical 

equipment manufacturer's representatives answers are given. 
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A- HASTANEYI TANITICI BILGILER 
1- Adl 

2- Niteligi 

3- Yatak kapasitesi 

B- TEKNiK ELEMANLARI TANITICI BiLGILER 
1- Adet ve Unvan 

2- Egitimleri 

3- Uzmanl olduklarl cihazlar 

4- Tam olarak yetki ve sorumluluklarl 

5- Ucretleri 

6- Call§ma ~aatleri 

7- Kime kar~l sorumlular 
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C- TIBBI CtHAZ ALIMI VE KABULU 
1- Cihaz allnmadan once bunun gerekliligi, sagl1yacagl fay

dalar, bulunan cihaza gore avantajlarl, vs. konular1nda 
~all9ma yapll1yor mU?,(Evet )(HaY1r ) 
Kim taraf1ndan? 

2- ~artnameler nasll ve kimler taraflndan hazlrlanlyor? 

3- Teklifleri degerlendiren se~ici kurul kimlerden olu9uyor? 

4- Nihayi kararl kim veriyor? 

5- Allnmaslna karar varilen cihaz hastaneye getirildiginde bel
li bir s~re ile denenip aranan 9artlarln bulunup 
bulunmadlgl, verimli, ar1zaSlZ bir gekilde ~all9lp 
9all9madlgl vs. kontrol ediliyor mu? (Evet )(HaYlr 

6- ~n kabul ve nihayi kabul deneyleri nasll ve kimler tarafln
dan yaplilyor? 

7- Cihazla birlikte verilen kullanma, 
gemalarlnl igeren kitaplar dOzenli 
bulunduruluyor mu? (Evet )(HaYlr 
Nerede? 

baklm, onar1m, ve devre 
bir gekilde birarada 
) 

0- TIBBI CIHAZLARIN BAKIM, ONARIM VE KALIBRASYONU 
1- Cihazlar i9in peryodik baklm ve kalibrasyon pragramlar1 uy

gulan1yor mu? (Evet )(HaYlr ) 
Kim taraflndan? 

2- Bak1m, onarlm, kalibrasyon ve g~venlik programlar1nln uy
gulanmas1 i9in gerekli test aIetleri var ml? (Evet ) 
(Hayu ) 

3- Cihazlara uygulanan programlarln raporlarl haz1rlanlyor ve 
d~zenli bir gekilde dosyalanlyor mu? (Evet )(HaYlr ) 
Bu raporlar kim taraf1ndan degerlendiriliyor? 

4- Cihazlar ar1zaya girdiginde ya da kazalara sebep oIacak ge
kilde tehlike yaratt1glnda'hasta ve sagllk personelini 
uyarmak uzere etiketler kullamllyor mu? ([vet )(Hayu ) 
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5- Arlzalanan cihazln onarlml, yedek par~a ve sarf malzemesi 
gibi ihtiya~lar i~in hastahane dl~lndan servis 
istendi~inde, firmalar talepleri zamanlnda ve so run 
yaratmadan kar§lllyoriar ml? (Evet )(HaYlr ) 

6- Talep edilen ucretler nedir? 

E- KAlA ONLEME VE KORUNMA PROGRAMLARI 

1- Tlbbi cihazlarda meydana gelebilecek arlzalarln sonucu 01a
rak ortaya Qlkabilecek kazalar ve bu kazalarln fin1enmesi 
i9in uyulmasl gereken kurallar hastahane personeline 
duyuruluyor mu? (Evet )(HaYlr ) 
Kim taraflndan ve ne gekilde? 

2- Herhangi bir kaza an1nda bu kazanln sonuQlar1nln kontrol 
alt1na a11nmasl iQin koordinatdr gBrevi yapmakla 
yUkumlu bir kimse var m1? (Evet )(HaYlr ) 

3- Kaza kontrolu iQin yap1lan Qall§malarln raporlarl tutu
luyor ve de~erlendiriliyor mu? (Evet )(HaYlr ) 
Kim taraf1ndan? 

F- HASTAHANE PERSONELiNIN ECtTIMI 

1- Sorumluluklar1nda bulunan cihazlarl do~ru ve verimli kullan
rnalarl i9in hastahane personeli egitiliyor mu? (Evet ) 
(HaY1r ) 
Kim taraflndan? 

2- Kazalardan korunma ydntemleri ile ilgili e~itim irnkanlarl 
var m1? (Evet )(HaYlr ) 

G- Goru§ulen ki§inin yukar1da be1irtilen konularda ortaya 91-
kan problemlerin Qdzurnu i~in dnerileri: 
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FiRMANIN ADI 

GORO~ULEN Ki~it ADI VE GOREVI 

A- DOKUMANTASYON 
1- Hastanelere, sat1lan cihazla birlikte a~a~lda belirtilen 

dokumanlar veriliyor mu? 

a- Teknik ozellikleri i~eren kitap (Evet )(HaY1r 
b- Kullan1m kitab1 (Evet )(HaY1r ) 
c- Bak1m, onar1m, kalibrasyon, mekanik VB elektronik devre 

~emalar1n1 i~eren kitaplar (Evet )(HaY1r 
d- Garanti sUresini, ~artlar1nl, vs. i~eren garanti 

belgesi (Evet )(HaY1r ) 
e- Kalite kontrol raporu (Evet )(HaY1r 
f- Kullanlml i~in ozel altyapl, mekan ve ~evre kO$ul-

B- SERVis 

lar1 gerektiren cihazlarda bu talepleri tan1mlayan kitap 
(Evet )(HaY1r ) 

1- Garanti sUresi bitiminde hastane ile servis sozle~meleri 
yap1llyor mu? Ce~itleri ve sUreleri? 

2- Servis sozle~melerinde bak1m ve onar1m i~in ne tip hizmet
ler belirUliyor? 

a- Acil servis her zaman yap1abiliyor mu?(Evet )(HaY1r 
b- En ge~ onar1ma ba~lama zaman1 tesbit ve garanti edili-

yor mu? (Evet )(HaY1r ) 
c- Onar1m bitinceye kadar kullan1lmak uzere odun~ cihaz 

verme sistemi var m1? (Evet )(HaYlr ) 
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3- Sfizle§me yapllmaml§ ise istek ~zerine yapllan servis 
i9in talep edilen ucret nedir? 
a- Baklm ve kalibrasyon ucretleri 

b- Normal mesai saatinde onarlm ucreti 

c- Mesai saati dl§lnda onarlm ucreti 

d- Yol ucreti 

4- Firma hizmet ve servis slraslnda mesleki hatalardan dolaYI 
hasta ve hastane personelinin zarar gfirebilece~i kazalaro 
sebep olma, e§ya ve aletleri klrlp bozma gibi durumlarda, 
hasta ve hastaneye tazminat fideme y~kumlulu~u altlna 
giriyor mu? (Evet )(HaYlr ) 

C- OtCER HtZMETLER 
1- Egitim 

a- Cihazln verimli ve dogru kullanllabilmesi iein sorumlu 
hastane personelini egitici 9all§malar yaplilyor mu? 
(Evet )(HaYlr ) 
Nerede ve nasll? 

b- Cihazln 9all§ma prensibi, boklml, onarlml ve 
kalibrasyonu konularlnl igeren teknik e~itim 
9all§malarl duzenleniyor mu? (Evet )(H8Ylr 
Kimlere ve nerede? 

2- Allclya cihazlardaki son geli§meler, yeni modeller, 
modifikasyonlar, ve kazalar ve finlemleri konularlnda 
peryodik olarak bilgi saglanlyor mu? (Evet )(HaYlr 
Ne §ekilde? 

0- Gfiru§ulen ki§inin yukarlda belirtilen konularda ortaya 
9lkan problemlerin 9dzumu i9in dnerileri nelerdir? 
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3- Yatak kapasitesi 

1.2 {e 

8- TEKNlK ELEMANLARI TANITICI alLGlLER 
1- Adet ve unvan • 

1 F 1 e.k .. +"r', k 1 Ma b' (\ C\ 1'1iJ h,;,!(\di~. 
1 M a k.. i (\~ ',/ {:.\ e.\.:..4:ro r. i k yu ks <!. L T c:::.\-:,,', k c:.r: 

c-r- .. , 
~:::. T~knl":3e(") z- Egitif[lleri 

2. U..,;ve'-::.i-bz r-\el.:.Jn\~1 2. -S c.r.o-f~ Ol:~[u. f.V\,Q.-'\...Jjtl U 
I -

D~ger\er":~ llLye Orto. cl.u\ f ........ ~ .. 2V[\LlC!rI 

,3- Uzman~ olduklar~ cihazlar 
" 

,~ E i e rl\a f'\ E.'~ (l ) (l. v v C:2. J E I oi!. '<. + ro·(,-:;-'-o,..."'1 e:'::f e... 
c i "oJ:.tC\n f'\da.. b',I,g', .5C\~-1 b ~ . ' 

7- Cihazla birlikte verilen kullanma, bak~m, onar~m, ve devre 
§emalar~n~ igeren kitaplar duzenli bir §ekilde birarada 
bulunduruluyor rnu? (Evet )(HayuJ) 
Nerede? 

0- TIBBI CIHAZLARIN BAKIM, ONARIM VE KALlBRASYONU 
1- Cihazlar i9in peryodik bak~m ve kalibrasyon programlarl UY

gulamyor mu? (Evet )(Hayu./) 
Kim taraflndan? .-, ~ d" -i- • -' rV\(j 
HCl,s+a.(\ed~ bulvllol\ ~oo. CI hQ2.Ci\CI(\ ~C\ t'C 12. blr :;;'wAC'S' I';'ll\)~c\pl 

f~rrY'o()'(' ,,-erdio', prQ3'Cll'Yi) l-.utlar'.IC. .. i k.i':;'l tOr"!:\f,(,\dcn. l.l":;::?;W \.an~.JG\;'-~ 
2- 8ak~m, onanm, k'alibrasyon ve guvenlik prograrnlarln~fl uy-

gulanrnas~ i9in gerekli test aletleri var nu? (Evetv1 
(Hayu ) Y~te.rsl2-

60 



3- Yatak kapasitesi 
3£0 

8- TEKNIK ELEMANLARI TANITICI SILCtLER 
1- Adet ve unvan 

- 2- £gitimleri 

1. u.-.:I" e~l-te. ("Y\e;llJf1~ I dl~e(" el e.1"Yl~.\.a-,
ve.. 'T-.:::~-U; ~wrs rnc~un. \orl 

3- Uzmanl olduklarl cihazlar 
Yok 

D- TIBSt CIHAZLARIN 8AKIM, ONARIM VE KALI8RASYONU 
1- Cihazlar i9in peryodik bakIm ve kalibrasyon programlarl uy

gulamyor mu? (Evet )(Hayu v1 
Kim tarafIndan? 

2- 8akIm, onarlm, kalibrasyon ve guvenlik programlarlnln uy
gulanmasl ic;in gerekli test aletleri var ffil? (Evet~) 
(HaYlr ) Ye+..e.;r::; ± 

3- Cihazlara uygulanan programlarln raporlarl hazlrlanlyor ve 
duzenli bir ~ekilde dosyalanlyor mu? (Evet )(HaYlr~) 
Bu raporlar kim taraflndan degerlendiriliyor? 

4- Cihazlar arlzaya girdiginde ya da kazalara sebep olacak ge
kilde tehlike yarattlglnda hasta ve sagllk personelini 
uyarrnak uzere etiketler kullamllyor mu? (Evet ) (HaYH0 

1- Sorumluluklarlnda bulunan cihazlarl dogru ve verimli kul1an
malan iC;in hastahane personeli egiti1iyor mu? (E'vet/) 
(Hayu )' 
Kim taraflndan? 

Scd:.tc ,:firMa \0'- '"'(C~'--Q fu"\do.{) 
2- Kazalardan korunma yHntemleri ile ilgi1i egitim imkaniarl 

var ml? (Evet ) (HaYlr,/) 
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B- SERVIS 

i- Garanti suresi bitiminde hastane ile servis sozle~meleri 
yaplilyor mu? ~e9itleri ve sureleri? 

AIlClnu\ \S-lej; do~r,-,l N'SUf\do. b.'r-<!..r ~.lll L 
.:s e.rvf::;. SC.l. \~51"Y\de("i i'VY\.::.()q ..... l'-/,::/-. 

- v 

2- Servis sozle9me1erinde baklm ve onarlm i~in ne tip hizmet
ler belirtiliyor? 

a- Acil servis her zaman yaplabiliyor mu?(E'Ietv1(HaYlr ) 
b- En ge~ onarlma ba~lama zamanl tesbit 'Ie garanti edili

yor mu? (Evet/) (Hayu ) 
c- Onarlm bitinceye kadar kullanllmak uzere odun~ cihaz 

verme sistemi val' ml? (Evet~~(HaYlr ) 
X Mevcut ElefY\al'"l SOjl:5'(\Q)a.t"n_C\. mer-\.::.J:!.1Jnl!. 0101'\ tJ:l.Q~\I~ct b~ It. 
+ 5to.k...da c.iho2 fY\evcut. i-:>e 

3- Sozle9me yapllmam19 ise istek uzerine yapllan servis 
i~in talep edilen ucret nedir? 
a- 8aklm ve kalibrasyon Dcretleri 

Ciha:l.q C1orc- .De3i ~~.or, sQb~t- 6,',.- ~c....rct .,..'jQk_. 

b- Normal mesai saatinde onarlm ucreti 

,SQbrL OIl- Cc..ret.::;.o t.. 
c- Mesai saati d1 91nda onarlm ucreti 

SalJi-t o ,-i-_ .j'c.r-et 'VIol 
- v 

d- Yol ucreti 
'i> 1",(" \::.e t -tcrofLAd c.." \~~l La. r\ ::J..a r-

c- OiCER HIZMETLER 
1- Egitim 

a- Cihazln verimli 'Ie dogru kullanllabilmesi i9in sorumlu 
hastane personelini egitici 9al19malar yaplilyor mu? 
(Evetl )(Hayu ) 
Nerede 'Ie nasll? 

C~no~-' bCl.-~11 O\..:;t,-Ol k., \~rk:':li.d e. ~a. de; 1..-;<..1.-+ cil5\ "J C\ 

-t-:eb0-.k. lj)J--rr()~,brgC\. d.u)...~ le.n.e.n \'<-,_)\--.:5 \o.r Il'e. -

b- CihaZln 9all~ma prensibi, baklml, onarlml ve 
kalibrasyonu konularlnl i~eren teknik e~itim 
~all~malarl duzenleniy·or mu? (Evet v"'" )(Hayu ) 
Kimlere 'Ie nerede? 

Ho.~b-"ea\e ,«\(>'v,o:.ul::: -\:.e.'c.(\'1,.::.. eer!.Qr\d <:..
,/ 
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APPENDIX B 

EXAtvlPLES OF DOCUMENTATION FORMS 

T he biomedical eq ui p m e nt ;n ventory card on pa ge 64 and 

acceptance report on page 65 are developed by the 

Biomedical Engineering Institute at Bogazi(:i University. 

T he ins pection form on page 67 is developed by the 

Emergency Care Research Institute, Pennsylvania. The fornl 

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, tvJO examples 

are given related to the use of the forms on pages 68 and 69 

For more information see number 20 of the Bibliography. 
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BIO~ViEOiKAL ClHAZLARI ENVANTER KARTI 
I I CiHAZIN SAH·IBi ENVA"-lTER NO CiHAZIN ADI KULLAt~ILDIGI YER KULLANANLARlN AOI ve TELEFONU 

BMAE_NO 

! 

OEMiRBA~ NO OE81RBAS NOOELi ve TIPi ~Ri NO SIPARis TAR·IHij 
OEGERI 

TESLiM ALlr~IS TARIHlt 

IMALATCISl ve AORESl SAJICISI AORESI ve TELEFONU KA TI KA.BUL TAR·iHI\ 

ILK KULLM'-'lS TA Ri Hi I 
I·ILK KULLM'!N~\ 

BAKIM KiTABlr'-llhl YERiveADEOi KULLANHA REHBER·I YERi ve AOEOi AYAR SORUMWSj 

BAKIM SORUMLUSIJ 

ct:D:: 
~S 
:::':::1-
::::::i 0 
:::,,:::Z 

.-....J 

.~w 1 .c:>tJ 
IlrO 

o~ 
--,~---- ------_._"-----"._- - ----~-~-.-. 

, 

OJ 
.+:> 
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, ' 

ON KABUL (MUAYENE) RAPORU 

TARiH' CIHAZIN ADI: __________ _ 

MUAYENEY[ YAPANLAR: ____ _ MODELi Tipi_' _______ _ 

SATICISI: ____________ SERi NO: __________ _ 

A_ MUAYENE SONUCLARI: 
1_Cihaz saglam gelmi,? mi? _______________ _ 

2Ambalaj I is tesi ve fa turada b ildirilen butun pan;.alar ve yedekler getrnis mi? 

3_Kullanmo rehberi var ml?· _____________ , 

4-Kullanrm rehberinin adedi 

5_Ayar ve bakrm rehberi vcr ml?----------------
bAyar ve baklm rehberi ade::li ___________ _ 

7_Baglanb ve ozel kab lolan \lOr mt? ____ _ 

8_Fi!?ler norma~ mi yckSl ozel mi? 
9.-Alete eleJ.dirik giris sigortasl vcr mi? ____ , ______ , 

-10_Toprak ucunun sasiye olan direnc i 0,10 mm veya daha az ml? ___ _ 

11..Sasiden topraga alan kao:Jk aklm' degerleri __________ _ 

_ hi I boklm c ihazlarlndcl 100 .mikroomper veya daha az(rms) 

-Diger cihazlarda 500 mikroomper veya daha az(rms) 

b...Al;:k iken 

Normal Toprok delk Palari tedegisince 
TopukO:;lk ve 1 
pobr;te d~9j 

I 
Cl..fX:Jpoll iken 



12_Hastaya baglantl uclanndan topraga olan ka:ak aklm·. 

_ Ya II t IImls uclardan 10 Ji.A veya daha az(~blo ile 20,)iA veya d::t1a azl 
_ Yall tilmamis uclardan 50 )i..A veya daha az 

Normal Toprak aClk Po/arite degisince 
Toprak aClk ve 
polar i te deglSik 

YaHllmlS hastaya boglantI uc!arlna 220 volt 50Hz sinyal verilince:(10JlA 

veya daha az kablo ile 20){A veya daha az l 

Normal Potarite degisin:e 

b.Aclk iken 

13-Cihaz!rI callSrnas ;cin ilovecit'Oz vs'ye ihtiyaC varsa bilc1irinlz _____ . __ .. 

14-Muayene sonunda 

a.C :haz tJmarndlr ve c;a Ilsobi'jrO 

::>.Cihoz sortnameye uymuyorD 

c..c ilia z noksand,rD 

D_C :haz art zolldwO. __ 

e_Gerekl i ;$lem 
-----.--

15 Huoj'ene edenlerin imzolor:: 

-----------------------

._---------
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CONTROL NO. lOCATlON ____________ -1 

DEVICE TYPE ___________ . __________ --l 
MANUfACTURER, _________________________ _ 

MODEL NO. SERIAL NO,. ___________ -" 

INSPECTOR ______ DATE CHECKLIST NO •• __ ...,-___ -l 

INSPECTION 0 MiNOR 0 MAJOR 0 ACCEPTF.NCE 

l Pm Fail QUALlTATIVE TESTS COMMENTS 
1.1 CHASSIS; HOUSING 

1.2 MOUNT / fASfENERS 

1.3 CASTERS/BRAKES 

1.4 AC PLUG/ ACCESS. OUTLETS 

1.5 Lli"iE COR D 

1:6 STR~!n RtLIEFS 

1.7 CIRCUIT BREAKER/FUSE 

1.8 TU BES I HOSES 

1.9 CABLES 

1.10 FITTINGS I CONNECTORS 

1.11 ELECTRODES/XDUCERS 

1.12 FILTERS 

1.13 ! CONTROLSI SWITCHES I 
I 
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APPENDIX C 

LIST OF BIOfvlEDICAL EQUIPMENTS 

IN $I$LI ETFAL HOSPITAL 

The follo'fling list of devices in each user department in 

$is1; Etfal Hospital ;s obtained from the 'Biomedical Devices 

Inventory Surveyl done by the Biomedical Engineering Insti-

tute at Bogazici University. For more information about the 

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