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ABSTRACT

The purpose of the present research is a comparative study of the performance of general teaching hospitals in
Tehran using the measures of procurement, distribution, control, and maintenance. Six hospitals were selected as
population: Imam Khomeini, Cancer Ingtitute, Bahrami, Shariati, Farabi, and Valiasr. First, procurement,
distribution, control, and maintenance were examined using t-test and the results indicated that all the criteria
except maintenance are in good conditions. Then, significant differences between the demographic characteristics of
the managers (age, gender, education, and working experience) were established using chi-square test. Finally, the
hospitals were ranked with respect to the studied criteria usingGAHP, TOPSS and ELECTRE, and using
themoving average method, the results were merged and Imam Khomeini Hospital was selected as the best in terms
of performance. Shariati and Bahrami hospitals jointly shared the second position.

Keywords: medical equipment, procurement, distribution, owintmaintenance.

INTRODUCTION

Hospital is the most important medical and theréipaustitution since it provides medical and hywgeservices
with defined scope of responsibility [1]. Hospiislan integral part of a social and medical orgatiin, the function
of which is to provide for the population compldtealth care, both curative and preventive; the italsis also a
center for the training of health workers and hioial research (World Health Organization). Hodpgamuch more
complex than other manufacturing organizations,tfondertakes medical and health responsibilities deal with
the lives of people, and it must also account fealth economics which is different from economiodurction in
important respects [1].

On the one hand, the importance of medical equipnedfective management of such equipment, and rembsof
this technology in prevention, diagnosis, and treait of diseases is evident. Without medical eqeipirdiagnosis
and treatment will be done at very basic, insuffitilevels. On the other hand, for years extort®measts have been
paid for procurement and maintenance of hospitaipeaent in the health and medical centers of Irad the
equipment has been largely supplied by foreign tras This certainly has had negative consequefamethe
country and necessitates attention, care, maintenamd proper use of hospital equipment.

Moreover, incorrect use of medical equipment leaddetrimental consequences for the safety andheélthe
patient, and malfunctioning equipment due to inappate maintenance can affect the health of patiand the
performance of hospitals. Considering the lackasearch in this area, the researcher, who haswesking in
medical centers and has witnessed the misuse oicatedquipment, decided to examine the processes of
procurement, distribution, control, and maintenan€anedical equipment in general training hospitatiliated

with Tehran University of Medical Sciences, usirsgadbases and assistance of experts.
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In an effort to rationalize health spending andbchiealth care inflation, many countries requireltheplanners to
evaluate community needs and institute a Certdiazt need review programmed, particularly for heawdical
technology. Although Certificate of need programsnesere intended to control health care spendingdjrbiying
service expansion, many studies indicate that iz not lived up to expectations [2,3].

Problem Statement

The management of a hospital has a grave resplitysilior they are faced with critical conditionshieh are
directly related to the health or, in other wortiges of people (Asefzadeh, 1990). Having enougihiguality
medical equipment and experienced personnel fargudie devices ensures the success of hospital gaenin
providing the best medical care and quick diagoasgivices to outpatients and inpatients. Medigalpment must
correspond to the actual needs of the hospitalitaruatients. It must also be commensurate to ttadifeed human
resources and must be purchased from creditableeswith appropriate price, and subsequently tineust be
planning for effective maintenance of medical equépt. The manager of the hospital, the personneharge of
the equipment, and the department authorities migamiliar with how to choose and purchase armaanenand
to pay attention to the plan for proper distribatimaintenance, and use of the equipment [4].

Unawareness regarding the structure and functioeach medical device increases the chance of gssmiand
damage to the equipment, which in some cases ¢ane ithe patients as well. If the users of thesdogs have a
clear understanding of how to use them, it is gedib avoid malfunctioning due to breakdown of dwgiipment.
Moreover, consultation and coordination of the #$bigs unit with biomedical engineers and technigidar

procuring medical items with less expenditure araterefficiency enhances the effective managememaetfical

equipment.

The main reason for carrying out the present reberthat so far there has been no comprehensigégculous

research on how to properly procure, distributejntain, and use medical equipment in the medicaiters

affiliated with Tehran University of Medical Sciee® Therefore, an understanding of the activitthese centers is
essential in promoting the quality of services amcteasing the efficiency of the armamentaria amdd in the

hospitals of this large organization.

Control of medical equipment

The medical equipment control plan allows the haspis well as the maintenance and biomedical eeging unit
to organize the management concepts and techniquesontrolling complex medical devices that camiite to
health and treatment of patients. This plan pravidestructure for clinical use of hospital's equeptm Today's
advances in medical care are based on technolqmicgtess and the medical personnel may requirie tashnical
knowledge along with acquiring medical knowledgel axperience in their specialized field. Building their
knowledge and experience while receiving technicébrmation, they will learn how to effectively cbse,
maintain, and use medical equipment.

In managing medical technologies and equipmenhnieal support of the operators of medical devicas reduce
costs and assist in optimal allocation of resoufoeshe actual needs of the hospital. The quaiigtrol of medical
equipment ensures that the hospital is providirglitst care for patients. The hospital must condalid regular
tests (safety test, performance test, and adjustmed calibration of the devices). These tasks fmaydone
separately by hospital departments, but the reswulisbe more favorable if the maintenance and ledioal
engineering unit is designated with the resporigibil

Advanced safety standards and procedures are usélkicontrol plan of medical equipment (specificah
electrical systems and armamentaria), and thieisstfiollowed up by a committee that is held everynth. The
components of this plan are as follows:

1. Policies

2. Processes

3. Interdepartmental and external relationships
4. Coordination of engineering operations

In order for the control plan to be effective, iish be created within the organizational strucafréhe hospital, and
it must then be supported by different departmefitthe hospital. The maintenance and biomedicalneeging
department is in charge of this plan.

Purchase and procurement of medical equipment
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The logistics unit of the hospital is responsilide purchasing, and for the medical equipment toespond to the
actual needs of the hospital, there must be propenection and coordination between the logistitis and the
maintenance and biomedical engineering department.

Ergonomic design is designing products or servizesed on the physical and emotional needs of theutoers
which are often disregarded. In this method, desigmust try to create products that would endawvctmnsumer
with efficiency, facility, and joy. Ignoring anthpometric criteria in designing medical equipment tad to serious
problems for the users. As a result of this neglégea device is produced with many errors. In désgga medical
device, the design team progresses with the desidrinteresting ideas are provided by the medieedgnnel [4].

Sufficient and high-quality purchasing from valiousces within the designated time and with appedprprice is an
important issue. Nowadays, patients are treatedhibfechmedical devices(electronic and mechanical)l a
biomedical engineering department is responsibl@ising, maintaining, and control ling patient caystems. Thus,
this department must be careful in choosing andhasing the devices. The process and plan for painch
medical equipment involves three major components:

1. Determining the actual needs for medical equipment
2. Evaluating the place for installing the devices
3. Examining the available medical equipment inside aemtside the country.

Planned maintenance

Planning and itemization for the maintenance of is@dequipment not only increase the due abilityhaf devices,
but also reduce repair costs and increase thetigaess and efficiency of the equipment. “Planneintenance”
includes preventive maintenance, scheduled sesie and regular process of repair (Webster, 19T8e most
important factors that push us toward planned reaance are:

1. Increasing replacement costs of medical equipment

2. Increasing complexity of medical devices, wherewbleme of maintenance engineering is not sufficien
3. The only way for effective maintenance is to deegularly and systematically

4. Poor maintenance of medical equipment wastes mané\energy.

The planned maintenance system must be clear angrebensible in which there are adept, experiepegsonnel
with total satisfaction. What makes the plannedmesiance successful is belief in the system andepme of
personnel who are ready to strive and fight foigpess therein.

A successful maintenance plan starts from the dexigof the hospital at which point the biomediealgineer
calculated the number of devices and the spacessagefor installing them taking into account th@ioperties, and
provides his or her suggestions to the structungireer. Further, the success of a maintenancequitails proper
relationships between maintenance and engineernitg for radiology, anesthetic machine, and dialysiachine
that requirelong-term, constant maintenance. Abditg of a reliable local service center must kaken into
consideration as the first purchase criterion amal maintenance and biomedical engineering depattmeist
determine the initial costs of purchasing medicplipment and estimate their operating costs.

MATERIALS AND METHODS

The present research is applied in terms of itpgae and descriptive-survey in terms of data ctdlec The
population of the research consists of 30 managfegeneral training hospitals affiliated with Tehrdniversity of
Medical Sciences in which there is (or is planned¢) a medical equipment committee and the sessibthis
committee are held occasionally and when neces3dmgse hospitals include Shariati, Imam Khomeiran€er
Institute, Valiasr, Bahrami, and Farabi. Librarythred (books, articles, archives, the Internet,)ata field method
(questionnaire) were used for data collection. Thesstionnaire included 20 items: procurement (9nse
distribution (2 items), maintenance (3 items), amhtrol and monitoring (4 items).The content validof the
guestionnaire was examined. First, a few professbrsanagement were asked for advice and the guestires
were modified accordingly. Then, 25 questionnawese distributed among the population and all tiertsomings
and ambiguities were resolved. In the end, thd fijp@stionnaires were distributed among the emieulation of
the research. Cronbach's alpha was used for vagifyie reliability of the questionnaire. The resudts 0.82 which
suggests the high reliability of the measuremestriment.
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Group Analytic Hierarchy Process (GAHP)

The AHP method is one of the multi-criteria deaisinaking techniques that are used to choose cemative from
a series of choices based on certain criteria. Tiéthod provides a framework for cooperation andupr
contribution in decision making or problem solvif&d. In other words, AHP is an effective tool fdrgturing and
modeling of multi-criteria problems that has beedely used in different management issues [6].

Technique for Order Preference by Smilarity to Ideal Solution (TOPSS)

This technique is one of the compensatory modelsnigti-criteria decision making that was introdddey Hwang
and Yoon in 1981. In this method, malternativesesr@uated using n criteria [4]. The agreementsimg TOPSIS
for decision making is that the optimal alternatigethe closest to the ideal solution and the &sthifrom the
negative ideal solution [7].

Elimination et choice Trandlating reality (ELECTRE)
This model was introduced in the late 1980's andived much attention as one of the best methodwsutif-criteria
decision making. This concept is based on “outmagkelationships”; that is, this method does natessarily result
in ranking of alternatives, and it may eliminatensoof the alternatives [8].

RESULTS

Kolmogorov-Smirnov test
This test was applied to examine the normal distidm of factor scores and the results are predant&ble 1.

Table 1 — The results of Kolmogorov-Smirnov test

Variables | Procurement| Distribution | Maintenance| Control
Sig 0.033 0.041 0.029 0.017

The results in table 1 show that the obtained Sagmce values for all the variables are less thanpredetermined
significance level (0.05). Thus, the normality attor scores is rejected and non-parametric statigtill be used
for data analysis.

T-test
This test was applied to examine the performan¢ben§tudied hospitals.

Table 2 — The results of t-test

Variables Boc Z Result

Procurement| 1.64% 2.018 Procurementis in a gonditon.
Distribution | 1.645| 2.247 Distribution is in a gocondition.
Control 1.645| 1.659 Controlis in a good condition.
Maintenance| 1.645 1414 Maintenance is in a badition.

As can be seen in table 2, the Z-value obtainedhfervariables of procurement, distribution, andtom is more
than average. Therefore, it can be concluded timthbspitals are at a desirable level in termsrotyrement,
distribution, and control of medical equipment.

Chi-square test
The chi-square test was used to compare the deptdgreharacteristics of the personnel of the stlidiespitals,
and the results are presented in table 3.

Table 3 — The results of chi-square test

Demographic variable F-statistjc  Significance leye Result

Age 2.726 0.000 Significant differenge
Gender 4.447 0.000 Significant difference
Education 1.696 0.000 Significant difference
Working Experience 2.204 0.000 Significant diffezen

As can be seen in table 3, the significance vatieained for different variables are less than gredetermined
significance level (0.05). Thus, there is a siguaifit difference between the demographic charattsrisf the
personnel of the studied hospitals.
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4. Ranking the hospitals based on performance

Creating pairwise comparison matrix

Using this technique the performance of the studiedpitals is ranked based on procurement, disioibu
maintenance, and control.

Table 4 — The pairwise comparison matrix for the citeria

Matrix Procurement| Distribution | Maintenance| Control
Procurement 1 2 0.4673 3.6591
Distribution 0.5 1 0.3815 5.1261
Maintenance 2.139 2.6207 1 3.6467
Control 0.2732 0.1951 0.2742 1

The inconsistency rate of the integrated matrixcigteria is 0.0838 and since this value is less1t@.1, it indicates
good consistency in comparisons. The weight of eaitdrion is presented in table 5.

Table 5 — The final ranking of the criteria

Matrix Procurement Distributioy Maintenan¢e ContfoMean | Rank
Procurement| 0.26 0.34 0.22 0.27 0.27 p
Distribution 0.13 0.17 0.18 0.38 0.22 3
Maintenance 0.55 0.45 0.47 0.217 0.43 |
Control 0.07 0.03 0.13 0.07 0.08 4

As provided in table 5, maintenance of medical popgint, with a weight of 0.43, is selected as thetrmmaportant
criterion, and procurement and distribution assuhee next ranks with 0.27 and 0.22 respectivelyaliyn the
decision matrix is obtained from the weights offeaospital (alternative) for each of the critedadording to the
mixed pairwise comparison matrix), where the elesmei a column are the weights with regard to ttieigon for
that column. The decision matrix is presented let®. In fact, decision matrix is an mxn matrixesh the element
ry denotes the value of alternative iX#vith respect to criterion j (X(Hwang and Yoon, 1981).

Table 6 — The decision matrix for prioritizing the models

Decision Matrix | Procurement Distribution  Maintenangc Control

Imam Khomeini 0.044 0.148 0.388 0.201
Shariati 0.119 0.256 0.039 0.336
Cancer Institute 0.179 0.074 0.140 0.089
Valiasr 0.074 0.037 0.065 0.043

Bahrami 0.228 0.383 0.258 0.124
Farabi 0.356 0.102 0.110 0.207

Ranking based on GAHP, TOPS S, and ELECTRE

The obtained weight of each criteria and the rdlatecision matrix become the basis for multi-cidtedecision
making techniques. In the present research, thgitatsare prioritized using GAHP, TOPSIS, and EORE. The
results of applying the mentioned techniques agsented in table 7.

Table 7 — Ranking of hospitals based on MCDM techgues

Alternatives MCDM Techniques
GAHP | TOPSIS| ELECTRH
Imam Khomeini 1 1 1
Shariati 4 2 2.5
Cancer Institute 5 6 6
Valiasr 6 5 4.5
Bahrami 2 4 2.5
Farabi 3 3 4.5

Moving average method
Considering the fact that at some cases the resUlBAHP, TOPSIS, and ELECTRE are inconsistenggrated
techniques are used in order to reach a genera¢agmnt regarding the prioritization of the hospital

The average rank method
In this method, the alternatives are prioritizeddshon the mean ranks obtained from different detimaking
techniques (Momeni, 2008).
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Table 8 — Ranking the hospitals with three differenmethods

Alternatives MCDM Techniques Average Rank
GAHP | TOPSIS| ELECTRHE

Imam Khomeini 1 1 1 1
Shariati 4 2 2.5 2.667
Cancer Institute 5 6 6 5.667
Valiasr 6 5 4.5 4.667
Bahrami 2 4 2.5 2.667
Farabi 3 3 45 3.5

Considering the mean ranks (in the left hand pahtdble 8), the preference of the hospitals wéllds follows:
Imam Khomeini > Bahrami = Shariati > Farabi > Vatiz Cancer Institute

The result indicates that Imam Khomeini Hospitas llae best performance among the studied hospitalsthat
Shariati and Farabi have jointly assumed the seposiion.

DISCUSSION AND CONCLUSION

The present research was carried out to examinpettiermance of general training hospitals affdthtvith Tehran
University of Medical Sciences, i.e. Imam KhomefBhariati, Cancer Institute, Valiasr, Bahrami, &adabi. First,
using Kolmogorov-Smirnov the non-normality of thistdbution of the data was established and assaltr@on-
parametric statistics (chi-square test) was apfiiedata analysis.

The results of average test showed that procurenaéstribution and control of medical equipment gén a
desirable condition and only the criterion of maim@nce was not favorable. Then, chi-square testappked to
examine any significant differences between the atgraphic characteristics of the population (inahgdiage,
gender, education, and working experience) anddhbelts suggested the existence of significanerfices in all
the characteristics. Finally, the hospitals werekeal according to procurement, distribution, maiatece, and
control using GAHP, TOPSOS, and ELECTRE [9].

The results from the three techniques were difter€hus, the average ranking of the hospitals vedsutated by
means of moving average method and in the end IKlaomeini Hospital was selected as the best hosipitiErms
of performance, with Shariati and Farabi hospifailstly assuming the second position. Considerhmg riesults, the
following suggestions can be made:

1. It is recommended that all the hospitals ofdbentry establish a medical equipment committethabthe issues
related to medical equipment will follow a scieittiind systematic course.

2. The can be a specialized committee for idemtgfythe priority of needs and purchase of medicaipgent so
that the procurement corresponds to the actualsneédhe hospital and commensurate to the exidtimgnan

resources. This committee prevents the accumulatiorew medical equipment in the storehouses ofhthepital

and eliminates indulgence in procurement of thesdceés. This committee must have clear, precigeuictions and
the representatives of different departments mesidtected as its members.

3. A control schedule of medical equipment mustckeated as one of the most important elements arfngd

preventive maintenance. The instructional manuahefproducers or the service guidebook of the aeean be
used to create the timetable.

4. The life of medical equipment is definite andsitnecessary to plan for replacement and to crbateequired
budget.

5. Implementing the control plan of medical equipiria the hospital and creating a system that ipo@tes quality
control and periodic tests such as safety tesfppeance test, and calibration can help in redutirgcosts of the
hospital.
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