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Introduction
More than 10000 types of different medical devices are 
currently employed in medium and large hospitals. These 
devices are used in the diagnosis, treatment, and moni-
toring processes. Given their functional role, medical de-
vices is considered a main element of the modern health 
system and all of them must have evidence to demon-
strate they meet the essential principles and conformity 
assessment procedures, [1]. The malfunctioning of med-

ical devices may cause negative consequences such as 
damage to or even death of patients, and subsequently 
serious legal consequences for medical centers. In this re-
gard, a main objective of medical devices management is 
to implement an effective maintenance management sys-
tem to increase the operational reliability and utilization 
of medical devices for minimizing their failures and mal-
functions and thereby reducing costs and accidents, [2]. 
In a health safety system, we are dealing with a triangle 
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management system whose three vertices are the patient 
- medical equipment and the operator. Due to the nature 
of the medical equipment and directly or indirectly con-
tact of them with the patient, an efficient maintenance 
program could be a solution to achieve higher levels of 
safety, [3]. In this way, implementation of a proper risk 
analysis method for inspection program, safety and pre-
ventive maintenance is very important, [4-7]. According 
to some statistics analysis provided by the Ministry of 
Health of Iran, approximately $ 8.5 to 10 billion of medi-
cal equipment is available in the country’s public medical 
centers until 1991. The other studies conducted in Iran 
have shown about 10 to 20 percent of the value of these 
goods should be spent on equipment maintenance, which 
it would reduce costs of medical centers in providing 
their sources from 30 to 40 percent. However, due to the 
lack of a defined precise and efficient maintenance proce-
dures, it seems that not only this amount of budget is not 
allocated for the preventative maintenance plan (PM) in 
medical centers, but also the use of allocated budgets in 
many cases has not been in the right way, [7-9]. 
Monitoring factors affecting the performance of medical 
devices may provide a novel model for effective manage-
ment of them throughout their lifecycle from declaration 
of need to purchase, maintenance, disposal, and replace-
ment. In the meantime, arbitrary management especially 
in developing countries does not rely on a realistic, sci-
entific, and comprehensive assessment and it causes lead-
ing to increased costs of health economics. Accordingly, 
efforts have been made to propose quantitative models 
for optimal management of medical devices during their 
lifecycle, [8]. In this regard, Basem et al. proposed a 
quantitative model for replacement and disposal of med-
ical devices at the best possible time using the fault tree 
analysis (FTA), [10]. Their model was not updatable and 
provided no solution for other management areas of med-
ical devices. By defining productivity in hospital man-
agement, Hashem O Al-Fadel has taken effective steps 
in classifying hospital equipment management processes. 
He defined productivity as higher safety and reliability of 
medical devices to reduce their service costs and down-
time, [11]. Arsalan focused on the time between preven-
tive maintenance and suggested a solution to obtain risk-
based preventive maintenance intervals, [12]. Ridjway et 
al. noticed that performing PM affects reliability and im-
proves equipment performance, in his model he consid-
ered increasing safety, reducing down time, and reducing 
the cost of repairs as effective factors in determining PM 
program, [13]. With the help of expert’s opinion, some 
groups were formed to evaluate various factors affecting 
the risk priority number (RPN) including the occurrence 
probability, failure severity, and failure detection prob-

ability, [14]. Risk factors and subsequently the mainte-
nance priority for various medical devices were obtained 
by different fuzzy logic approaches, [15]. Taghipour et al. 
and Hutagalung et al. proposed different models based 
on a hierarchal process for prioritizing maintenance of 
medical devices based on the sensitivity of equipment, 
[16, 17]. Saleh et al. studied preventive maintenance pri-
oritization of medical devices using the quality function 
deployment (QFD). A two-stage QFD matrix was con-
structed for determining and weighting critical features in 
the medical devices management system, and the priority 
number was obtained for hospital equipment, [18]. 
In this study, the effect of various factors on the perfor-
mance of medical devices is determined as the perfor-
mance number (PN). A new model is then proposed for 
managing the lifecycle of medical devices from declara-
tion of need to purchase, maintenance, disposal, and re-
placement. By defining the PN in the proposed model, the 
effect of each parameter on the performance of medical 
devices is quantified. Thereafter, the management num-
ber (MN) and subsequently the management marker in-
dex (MI) are presented to express a new updatable model 
of our new system engineering.

2.    Proposed model
A new model is proposed for managing the lifecycle of 
medical devices from declaration of need to purchase, 
maintenance, disposal, and replacement. By defining the 
performance number, the effect of each parameter on the 
performance of a medical devices is quantified. Subse-
quently, the management number and the management 
marker index are introduced to express a new updatable 
model of system engineering for maintenance, inspec-
tion, and replacement processes to determining the main-
tenance priority and proper maintenance intervals for 
medical devices.
Figure (1) displays an overview block diagram for imple-
mentation of our research model.

Fig.1  The block diagram of the research model
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2.1.    The Performance Number (PN) 
Three key indicators, namely the Performance Number 
(PN), Management Number (MN), and Marker Index 
(MI) are used to determine the roadmap. PN is the re-
sult of operations in the first and second blocks. In the 
first block, nine parameters including the Useful Life 
Ratio (ULR), Utilization Level (UL), Calibration (Ca), 
User Proficiency (UP), Device Brand (DB), Number of 
Users (NU), Used in Other Units (UOU), Bed Occupan-
cy Ratio (BOR), Number of Alternative Devices (AD) 
were considered inputs to the model as factors affecting 
the performance of medical devices. These inputs affect 
the Mean Time Between Failures (MTBF), Service Cost 
Ratio (SCR), Access time (A), and Physical Risk (PR), 
i.e. four inputs to the second block. These four factors in-
fluence the productivity and performance of medical de-
vices according to the definition presented by Hashem O 
Al-Fadel. System (1) in Fig. (1) specifies the coefficients 
of various factors in the PN definition by using Eq. (1).

ABW IMR IF= ×                                                        (1)

Where ABW represents the absolute weight of these four 
factors affecting the equipment performance, IMR the 
progress ratio which is equal to the expected level (target) 
divided by the current satisfaction level in hospitals, and 
IF (importance factor) represents the importance of each 
of these four factors in the optimal performance of equip-
ment. The satisfaction rate and target levels are scaled 
from very poor to very good using ten points. The impor-
tance factor (IF) is also scaled from very low to very high. 

Accordingly, the absolute weights of the above-men-
tioned factors were obtained with the help of experts’ 
opinions.

The normalized ABW values are considered the PN coef-
ficients, i.e. the output of the second block. The perfor-
mance number (PN) is calculated from Eq. (2):

PN= 0.27× PR+ 0.31×A + 0.25×MTBF + 0.17×SCR     (2)

Where PN denotes the performance number representing 

the effect of inputs to the first block on the performance 
of medical devices. 
System (2) shows the procedure to obtain the PN in the 
form of the effect of the first block inputs on the second 
block inputs, called the impact factor in Table (1).

The impact factor for each input is obtained from the 
combination of these three factors, the correlation coeffi-
cient, percentage of points out of the expected zones and 
expert opinion. The final result is obtained by comparing 
the expert opinion to the results of correlation coefficient 
and extrema points, in this way: 
- If the expert opinion is the same as the results of each of 
methods; the expert opinion is accepted.
- If all three results are different, and none of them con-
tains outliers; the mean result is considered.
- If two results are the same but differ with the expert 
opinion; the mean result is considered.
- If one of the results contains outliers in comparison 
with the other two results, the result containing outliers 
is eliminated, and one of the above-mentioned methods is 
used to obtain the final result.
Tables (2) and (3) show the correlation coefficients and 
the percentage of points out of the expected zones, and 
the corresponding impact factors.

For instance, the impact factor of the ULR (an input to 
the first block) for the access level (an input to the second 
block) was calculated for the Defibrillator device and the 
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Table 4  The impact factor of the useful life ratio on the out-
put access level for the Defibrillator device.

Table 5  The performance number of the Defibrillator de-
vice.

Table 6 The performance number of the ECG.

Fig. 3  The correlation coefficients of input and output fac-
tors for the Defibrillator device.

Fig. 3  The useful life ratio versus the access level for the De-
fibrillator device.

results are listed in Table (4).
Figure (2) shows the correlation coefficients of input 
factors based on the access level. As seen, the ULR is 
at highest level, and according to Table (5), an impact 
factor of 0.6 is considered in the corresponding column 
in Table (4). 

In our model,  an access level less than 0.85 is consid-
ered a low access, and devices with a ULR less than 0.8 
(almost old or average) are expected to be in this region. 
However, of 4 points, only two points (50%) have a ULR 
of less than 0.8 (Fig. 3). Therefore, an access level of 0.4 
is seen in the expected extremum column in Table (4) for 
a Defibrillator device.

According to Table (4) and mentioned rules, an impact 
factor of 0.6 is obtained for the ULR (input) relative to 
the access level (output) for the Defibrillator device.

Based on Eq. (2), performance number (PN) of the De-
fibrillator device is calculated for the ULR as below.

The process of obtaining the impact factor of 0.6 (shown 
by the arrow in above equation) was presented in this pa-
per, and consequently other coefficients for the MTBF, 
the access time, and service cost ratio (SCR) for other 
inputs are calculated in the same way to obtain the final 
value. In the meantime, the impact factor of the physical 
risk (PR) is obtained for inputs with the help of experts’ 
knowledge. Given the lack of numerical results for three 
inputs of brand, use in other wards, and calibration, their 
impact factors were calculated according to the experts’ 
opinions. The results were obtained for the performance 
number and are normalized to achieve the performance 
effect percentage.
Tables (5) and (6) show the PN, performance effect per-
centage, the rank of each parameter in the PN of Defibril-
lator, and electrocardiograph (ECG) devices respectively, 
where the performance effect is the normalized perfor-
mance number.

2.2.    The Management Number (MN) 
The output of the third block, the management number 
(MN), is the second step used for quantifying manage-
ment of medical devices in hospitals during their lifecy-
cle concerning the need to purchase, status monitoring, 
maintenance, disposal, and replacement. The inputs to the 
third blocks are the same inputs to the first block with per-
formance percentages in Tables (5) and (6). The manage-
ment number for the Defibrillator and ECG are calculated 
from Eqs. (3) and (4), respectively.

M N ( D C ) = 0 . 2 4 5 * U L R + 0 . 1 7 3 1 * U L + 0 . 0 9 2 4 * -
CA+0.0837*UP+0.0727*DB+0.0617*NU+0.0617*U-
OU+0.0699*BOR+0.1397*AD                         (3)     

Figure (2) shows the correlation coefficients of input factors based on the access level. As seen, 
the ULR is at highest level, and according to Table (5), an impact factor of 0.6 is considered in 
the corresponding column in Table (4).  
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MN(ECG)=0.2369*ULR+0.1587*UL+0.0903* -
CA+0.0794*UP+0.1215*DB+0.0327*NU+0.0496*U-
OU+0.0327*BOR+0.1982*AD                           (4)

The weighted correlation coefficients for the input factors 
are obtained according to Table (7) to achieve the MN, 
System (3).

2.3.    The Management Marker Index (MI) 
At the final stage, the fourth block represents the man-
agement strategy adopted to create six regions, namely 
replacement, inspection, high-priority preventive main-
tenance (PM), medium-priority preventive maintenance, 
low-priority preventive maintenance, and very low-pri-
ority preventive maintenance with boundaries shown in 
Fig. (4). The management number (MN) with an indi-
cator ,called the ratio number (UUN), are considered as 
input to the fourth block to achieve the final output under 
System 4 in Fig. (3).

In this figure UUN is defined as the correlation coefficient 
of the ULR multiplied by the correlation coefficient of the 
ratio represented in Table (7), due to the significance of 
these two indicators. The boundaries of this indicator are 
obtained in Fig. (4) with the help of eight special modes 
in Table (8) for the maintenance of medical devices.

Also Given the importance of the ULR and UR in manag-
ing the lifecycle of medical devices, the MI for explain-
ing the management process is defined as follow:

MN(DC)=0.245*ULR+0.1731*UL+0.0924*CA+0.0837*UP+0.0727*DB+0.0617*NU+0.06
17*UOU+0.0699*BOR+0.1397*AD       (3)      

MN(ECG)=0.2369*ULR+0.1587*UL+0.0903*CA+0.0794*UP+0.1215*DB+0.0327*NU+0.
0496*UOU+0.0327*BOR+0.1982*AD      (4) 
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opinion Poor   0.2 

Use more 
than 20 
times a 
week 

Very high 

0.4 = Medium   0.25 

Between 10 
and 20 
times a 
week 

High 

0.8 = Good   0.55 

Between 4 
and 10 
times a 
week 

Medium 

1 = Very good   1 
Less than 4 

times a 
week 

Low 

        
 User Proficiency (UP)   # Alternative Devices (AD) 

weighted 
correlation 
coefficient 

Description Criterion   
weighted 

correlation 
coefficient 

Description Criterion 

0.35 ≤ 55 Poor   0.3 ≤ 1 Low 
0.7 55 ≤  ≤ 75 Medium   0.7 1≤  ≤ 2 Medium 
1 ≥ 75 Good   1 ≥ 2 High 
        

Number of Users (NU)  Calibration (Ca) 
weighted 

correlation 
coefficient 

Description Criterion   
weighted 

correlation 
coefficient 

Description Criterion 

Table 7  The weighting system for the MN parameters.

Table 8  The method to obtain UUN boundaries.

0.5 ≤ 5 High   0 - 
Not done 
at  all 
 

0.7 5≤  ≤ 20 Medium   0.5 - 
Done but 
not on 
time 
 

1 ≥ 20 Low   1 - 
Done 
according 
to plan 

        
Used in Other Units (UOU)  Bed Occupancy Ratio (BOR) 

weighted 
correlation 
coefficient 

Description Criterion   
weighted 

correlation 
coefficient 

Description Criterion 

0 - Used   0.6 ≥ 75 High 
1 - Not Used   0.8 50 ≤  ≤ 75 Medium 
     1 ≤ 50 Low 
        

 Useful Life Ratio (ULR) 

 

 

 
weighted 

correlation 
coefficient 

Description Criterion 

 0.15 ≥ 1 Old 

 0.3 0.8 ≤  ≤ 1 Almost 
old 

 0.5 0.5 ≤  ≤ 0.8 Average 

 
    0.8 0.25 ≤ ≤ 0.5 Almost 

new 
    1 ≤ 0.25 New 

 
 
2.3.  The Management Marker Index (MI)  
At the final stage, the fourth block represents the management strategy adopted to create six 
regions, namely replacement, inspection, high-priority preventive maintenance (PM), medium-
priority preventive maintenance, low-priority preventive maintenance, and very low-priority 
preventive maintenance with boundaries shown in Fig. (4). The management number (MN) 
with an indicator ,called the ratio number (UUN), are considered as input to the fourth block 
to achieve the final output under System 4 in Fig. (3). 

Fig. 4  The regions and corresponding boundaries in man-
aging the lifecycle of medical devices.

 

 
Fig.  4   The regions and corresponding boundaries in managing the lifecycle of medical 

devices. 
 
In this figure UUN is defined as the correlation coefficient of the ULR multiplied by the 
correlation coefficient of the ratio represented in Table (7), due to the significance of these two 
indicators. The boundaries of this indicator are obtained in Fig. (4) with the help of eight special 
modes in Table (8) for the maintenance of medical devices. 

 
Table 8   The method to obtain UUN boundaries. 

Utilization 
Level 
(UL) 

Useful Life 
Ratio (ULR) 

 
UUN 

Very high Old 0.03 
High Old 0.0375 

Medium Old 0.0825 
Very high Almost old .0.06 

High Almost old 0.075 
Average 0.06 

Medium Almost old 0.165 
Very high Average 0.10 

High Average 0.125 
Average 0.13 

 
Also Given the importance of the ULR and UR in managing the lifecycle of medical devices, 
the MI for explaining the management process is defined as follow: 
 
MI = MN*UUN      (5) 
 
Then, based on MI values, management decisions will be applied for medical equipment. High 
Priority Maintenance (HPM), Medium Priority Maintenance (MPM), Low Priority 
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MI = MN*UUN                                                             (5)

Then, based on MI values, management decisions will 
be applied for medical equipment. High Priority Main-
tenance (HPM), Medium Priority Maintenance (MPM), 
Low Priority Maintenance (LPM), Very Low Priority 
Maintenance (VLPM), Inspection (I) and Replacement 
(R) are the types of these decisions.
According to the six regions shown in Fig. (4), the man-
agement process is specified based on the MI in the block 
diagram Fig. (5).

Other diagrams for obtaining Nʹ in terms of MI are 
achieved in the same way.

To update the management strategies adopted in various 
periods (intervals), the adaptation coefficient (AC) is de-
fined as follows:

The Preventive Maintenance Interval (PMI) of medical 
devices was calculated from Eq. (6) in terms of day.

PMI=100*MI*360(DAYS)/N’                                       (6)  

Where PMI represents the preventive maintenance inter-
val and Nʹ is the normalized coefficient. The normalized 
coefficient, Nʹ, is obtained from linear diagrams in Figs. 
(6) to (9) noting to the intervals for each of the mainte-
nance priorities in Table (9) reported in the literature.

For instance, for the high-priority maintenance, we have 
from Eq. (5):
PMI1= (100*0.024*360/ N’1) = 35            N’HPM= 25
     
PMI2= (100*0.024*360/ N’2) = 55             N’HPM= 34                                                                               
The linear diagram for determining Nʹ in terms of MI for 
high-priority maintenance is obtained as follows.

Fig. 5  The block diagram for determining the policy taken 
of managing medical devices.

Fig. 6  Calculation of Nʹ in terms of MI for high-priority 
maintenance.

Fig. 7  Calculation of Nʹ in terms of MI for medium-priority 
maintenance.

Fig. 8  Calculation of Nʹ in terms of MI for low-priority main-
tenance.

Fig. 9  Calculation of Nʹ in terms of MI for very low-priority 
maintenance.

Table 9  The intervals for four maintenance priorities.

Maintenance (LPM), Very Low Priority Maintenance (VLPM), Inspection (I) and Replacement 
(R) are the types of these decisions. 
According to the six regions shown in Fig. (4), the management process is specified based on 
the MI in the block diagram Fig. (5). 

 

 
Fig.  5   The block diagram for determining the policy taken of managing medical devices. 

 
The Preventive Maintenance Interval (PMI) of medical devices was calculated from Eq. (6) in 
terms of day. 

PMI=100*MI*360(DAYS)/N'      (6)   

Where PMI represents the preventive maintenance interval and Nʹ is the normalized coefficient. 
The normalized coefficient, Nʹ, is obtained from linear diagrams in Figs. (6) to (9) noting to 
the intervals for each of the maintenance priorities in Table (9) reported in the literature. 

 
Table 9   The intervals for four maintenance priorities. 

Maintenance 
Priority  

Maintenance 
Interval(days) 

High 35-55 
Medium 55-80 

Low 80-135 
Very low 135-180 

 
For instance, for the high-priority maintenance, we have from Eq. (5): 

PMI1= (100*0.024*360/ N'1) = 35            N'HPM= 25 
      
PMI2= (100*0.024*360/ N'2) = 55             N'HPM= 34                                                                                

The linear diagram for determining Nʹ in terms of MI for high-priority maintenance is obtained 
as follows. 
 

 
Fig.  6   Calculation of Nʹ in terms of MI for high-priority maintenance. 

 
Other diagrams for obtaining Nʹ in terms of MI are achieved in the same way. 
 

 
Fig.  7   Calculation of Nʹ in terms of MI for medium-priority maintenance. 

 
 

 
Fig.  8   Calculation of Nʹ in terms of MI for low-priority maintenance. 

 
 

 
Fig.  6   Calculation of Nʹ in terms of MI for high-priority maintenance. 

 
Other diagrams for obtaining Nʹ in terms of MI are achieved in the same way. 
 

 
Fig.  7   Calculation of Nʹ in terms of MI for medium-priority maintenance. 

 
 

 
Fig.  8   Calculation of Nʹ in terms of MI for low-priority maintenance. 

 
 

 
Fig.  6   Calculation of Nʹ in terms of MI for high-priority maintenance. 

 
Other diagrams for obtaining Nʹ in terms of MI are achieved in the same way. 
 

 
Fig.  7   Calculation of Nʹ in terms of MI for medium-priority maintenance. 

 
 

 
Fig.  8   Calculation of Nʹ in terms of MI for low-priority maintenance. 

 
 

 
Fig.  9   Calculation of Nʹ in terms of MI for very low-priority maintenance. 

 
To update the management strategies adopted in various periods (intervals), the adaptation 
coefficient (AC) is defined as follows: 

AC = #PMREPAIR / #PMTOTAL        (7) 
 

Where #PMREPAIR and #PMTOTAL respectively represent the number of maintenances leading 
to repair among the last three preventive maintenances as well as the total number of preventive 
maintenances (Here, 3 maintenances).  
If AC equals 1/3 or 0, the maintenance priority is reduced by a level. 
If AC equals 2/3, the maintenance priority is not changed. 
If AC equals 1, the maintenance priority is increased by a level. 
After three stages of Preventative Maintenance (PM), by changing the maintenance priority, 
the maintenance interval is updated based on different MN and UUN values in accordance with 
the algorithm in Fig. (10) and the new Nʹ value. 

 

 
Fig.  10   The block diagram for updating the maintenance priority of medical 

devices. 
 

3.  Results and Discussion 
The performance percentage of different factors for the Defibrillator and ECG,based on the 
results in Tables (5) and (6), is shown in the bar chart Fig (11). It compared the performance 
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AC = #PMREPAIR / #PMTOTAL                                            (7)

Where #PMREPAIR and #PMTOTAL respectively represent the 
number of maintenances leading to repair among the last 
three preventive maintenances as well as the total number of 
preventive maintenances (Here, 3 maintenances). 
If AC equals 1/3 or 0, the maintenance priority is reduced 
by a level.
If AC equals 2/3, the maintenance priority is not changed.
If AC equals 1, the maintenance priority is increased by a level.
After three stages of Preventative Maintenance (PM), by 
changing the maintenance priority, the maintenance interval 
is updated based on different MN and UUN values in accor-
dance with the algorithm in Fig. (10) and the new Nʹ value.

3.    Results and Discussion
The performance percentage of different factors for the De-
fibrillator and ECG,based on the results in Tables (5) and 
(6), is shown in the bar chart Fig (11). It compared the per-
formance effects of the Defibrillator and ECG. The highest 
impact of the ULR on the performance of Defibrillator and 
ECG was respectively 24.5 and 23.69. The ULR, UR, and 
AD play a more important role than other parameters. Aux-
iliary devices play a more important role than the UR in the 
case of ECG. An opposite result was observed for the De-
fibrillator device. The effect of brand on the performance 
of ECG was twice that on the Defibrillator device.

Through implementation of model as a case study on de-
fined devices in various hospital wards, based on the UUN 
and MN for these equipment, MI, PMI, and management 
suggestions (SUGGEST) were specified to determine the 
objectives of the health system roadmap including replace-
ment, inspection, and preventive maintenance prioritiza-
tion in accordance with Tables (10) and (11).

Figure (12) displays the relationship of UUN, MN, and 
MI. As seen, there is a significant difference between the 
variation slops of MI as an indicator for management de-
cisions and MN as a number obtained based on the factors 
affecting the performance of medical devices. This can be 
related to the effect of UUN as the most important factor on 
the performance of equipment. It also indicated the most 
deterministic role of the UUN in decisions on medical de-
vices. This can be clearly seen from the same slopes of the 
two diagrams for the UUN and MI.
Figure (13) shows the linear diagrams for the MN, UUN, 
and PMI of medical devices. At points where there are 
significant variations in the MN and UUN, the mainte-
nance intervals are also considerably increased. In con-
trast, at points where at least one of these numbers show 
less variations, maintenance intervals vary slightly. This 
indicates the simultaneous effect of ULR and UR, and 
other factors affect the performance of equipment on the 
maintenance intervals.

Fig. 10  The block diagram for updating the maintenance 
priority of medical devices.

Table 10  The management approach required for Defibril-
lator devices in various hospital wards.

Table 11  The management approach required for ECGs in 
various hospital wards.

Fig. 11  Comparison of the performance numbers of De-
fibrillator and ECG to different inputs.

effects of the Defibrillator and ECG. The highest impact of the ULR on the performance of 
Defibrillator and ECG was respectively 24.5 and 23.69. The ULR, UR, and AD play a more 
important role than other parameters. Auxiliary devices play a more important role than the UR 
in the case of ECG. An opposite result was observed for the Defibrillator device. The effect of 
brand on the performance of ECG was twice that on the Defibrillator device. 

 

 
Fig.  11   Comparison of the performance numbers of Defibrillator and ECG to different 

inputs. 
 
Through implementation of model as a case study on defined devices in various hospital wards, 
based on the UUN and MN for these equipment, MI, PMI, and management suggestions 
(SUGGEST) were specified to determine the objectives of the health system roadmap including 
replacement, inspection, and preventive maintenance prioritization in accordance with Tables 
(10) and (11). 
 
 

Table 10   The management approach required for Defibrillator devices in various hospital 
wards. 

 
 
 
 

 

 
 
 
 

Table 11   The management approach required for ECGs in various hospital wards. 

 
 
 

 
 

 
Figure (12) displays the relationship of UUN, MN, and MI. As seen, there is a significant 
difference between the variation slops of MI as an indicator for management decisions and MN 
as a number obtained based on the factors affecting the performance of medical devices. This 
can be related to the effect of UUN as the most important factor on the performance of 
equipment. It also indicated the most deterministic role of the UUN in decisions on medical 
devices. This can be clearly seen from the same slopes of the two diagrams for the UUN and 
MI. 
 
 

 
Fig. 12 Relationship of Utilization Ratio & Useful Life Ratio Number (UUN), Management 
Marker Index (MI) and Management Number (MN) 
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Fig. 12  Relationship of Utilization Ratio & Useful Life Ratio 
Number (UUN), Management Marker Index (MI) and Man-
agement Number (MN)

Fig. 12  Relationship of Utilization Ratio & Useful Life Ratio 
Number (UUN), Management Marker Index (MI) and Man-
agement Number (MN)

In other words, a long maintenance interval can be con-
sidered for a relatively new equipment with a medium 
or even low UR, even when other factors affecting the 
performance are not very desirable. A long maintenance 
interval can be also considered for an almost old equip-
ment with a medium or high UR if other factors affecting 
the performance are desirable.
The proposed model is an adaptive and highly flexible 
model, if necessary, the model is able to suggest a finan-
cially optimal solution for the system by changing one 
or more elements influencing the performance of med-
ical devices. For example, if a device operating in the 
emergency ward is candidate for replacement, to avoid 
financial burden to the system, the device is transferred 
to another ward. It should be noted that its MI shall not 
be a replacement candidate in that ward considering other 
elements. This can be done not by an empirical method 
but using exact management numbers. Furthermore, this 
adaptive method is updatable based on the last three PM 

Table 11   The management approach required for ECGs in various hospital wards. 

 
 
 

 
 

 
Figure (12) displays the relationship of UUN, MN, and MI. As seen, there is a significant 
difference between the variation slops of MI as an indicator for management decisions and MN 
as a number obtained based on the factors affecting the performance of medical devices. This 
can be related to the effect of UUN as the most important factor on the performance of 
equipment. It also indicated the most deterministic role of the UUN in decisions on medical 
devices. This can be clearly seen from the same slopes of the two diagrams for the UUN and 
MI. 
 
 

 
Fig. 12 Relationship of Utilization Ratio & Useful Life Ratio Number (UUN), Management 
Marker Index (MI) and Management Number (MN) 

 

 
 

 
Fig.  13   Relationship of Utilization Ratio & Useful Life Ratio Number (UUN), Preventative 
Maintenance Interval (PMI) and Management Number (MN) 

Figure (13) shows the linear diagrams for the MN, UUN, and PMI of medical devices. At points 
where there are significant variations in the MN and UUN, the maintenance intervals are also 
considerably increased. In contrast, at points where at least one of these numbers show less 
variations, maintenance intervals vary slightly. This indicates the simultaneous effect of ULR 
and UR, and other factors affect the performance of equipment on the maintenance intervals. 
In other words, a long maintenance interval can be considered for a relatively new equipment 
with a medium or even low UR, even when other factors affecting the performance are not very 
desirable. A long maintenance interval can be also considered for an almost old equipment with 
a medium or high UR if other factors affecting the performance are desirable. 
The proposed model is an adaptive and highly flexible model, if necessary, the model is able 
to suggest a financially optimal solution for the system by changing one or more elements 
influencing the performance of medical devices. For example, if a device operating in the 
emergency ward is candidate for replacement, to avoid financial burden to the system, the 
device is transferred to another ward. It should be noted that its MI shall not be a replacement 
candidate in that ward considering other elements. This can be done not by an empirical method 
but using exact management numbers. Furthermore, this adaptive method is updatable based 
on the last three PM intervals. For instance, if a device in the internal ward is detected due to 
need high-priority maintenance, and an AC of 1/3 is obtained after three PM intervals, its 
maintenance priority is automatically changed to medium, and PM intervals are also changed. 
Hence, this method provides a novel index for these two devices in management processes. 

 
4. Conclusion 
Efforts were made to develop a quantitative model with a new model for planning the 
management processes of medical devices in health centers concerning the need to purchase, 
maintenance prioritization, and replacement. Factors affecting the performance of Defibrillator 
and ECG were evaluated. The most important factors affecting the performance of Defibrillator 

intervals. For instance, if a device in the internal ward is 
detected due to need high-priority maintenance, and an 
AC of 1/3 is obtained after three PM intervals, its main-
tenance priority is automatically changed to medium, and 
PM intervals are also changed. Hence, this method pro-
vides a novel index for these two devices in management 
processes.
4.	 Conclusion
Efforts were made to develop a quantitative model with 
a new model for planning the management processes of 
medical devices in health centers concerning the need to 
purchase, maintenance prioritization, and replacement. 
Factors affecting the performance of Defibrillator and ECG 
were evaluated. The most important factors affecting the 
performance of Defibrillator devices were the useful life 
ratio (ULR) and usage ratio (UR). On the other hand, the 
ULR and auxiliary device (AD) were the key factors influ-
encing the performance of ECGs.
In this paper, an adaptive method was proposed for man-
aging medical devices throughout their lifecycle. The pro-
posed method is a highly flexible model without complex 
mathematical calculations and able to suggest a financially 
optimal solution for the system by changing one or more 
elements influencing the performance of medical devices. 
The model was implemented and tested in three public 
hospitals and it solved one of the big decision problems 
in their management systems. The results helped them 
to have a priority list of the medical devices that should 
be replaced and the preventative maintenance priority of 
critical devices based on the wards, type and number of 
them according to the available budget. Implementation 
of our proposed model, in medical centers, could maxi-
mize the reliability of equipment and systems among the 
limitation of organizational resources and budgets. In the 
meanwhile, using an efficient strategy for all of medical 
devices ,as a comprehensive guideline in the management 
processes, is an important key step in managing health 
financial system and safety management. 

Funding
This research received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sec-
tors. 

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



38 Advances in the standards & applied sciences 2023; 2 (1)

Received: Oct. 2022   Accepted: Jan. 2023

Published online: Apr. 2023

DOI: 10.22034/ASAS.2023.346152.1004

References:
1. 	 Tavakoli Golpaygani A, “Why Should We Have a Pe-
riodic Safety and Performance Program for Medical Devic-
es”. Journal of Biomedical Physics and Engineering, 2019. 
2.       Jamshidi A, Rahimi SA, Ait-kadi D, Engineering M. 
“Medical devices Inspection and Maintenance -A Literature 
Review”. Industrial and Systems Engineering Research Con-
ference, 2014.
3. 	 WHO, “Medical device technical series,  Health 
technology management: Management process”, 2011. 
 4. 	 Joseph J, Madhukumar S. “A novel approach to 
Data Driven Preventive Maintenance Scheduling of medical 
instruments”. International Conference on Systems in Medi-
cine and Biology, IEEE; 2010. 
5. 	 Bahreini R, Doshmangir L, Imani A. “ Factors Af-
fecting Medical Equipment Maintenance Management: A 
Systematic Review”. Journal of Clinical and Diagnostic Re-
search. 2018. 
6.	 Bahreini R, Doshmangir L, Imani A. Infuential fac-
tors on medical equipment maintenance management. J 
Qual Maint Eng. 2019;25(1):128–43.
7.   	 Ahmad M. “Medical equipment maintenance in 
sanctions”. Monthly Biomedical Engineering. 2012.
8.	 Corciova˘ C, Andritoi D, Luca C. A Modern Ap-
proach for Maintenance Prioritization of Medical Equip-
ment. Maintenance Management. London: IntechOpen. 
(2020).
9.      M. Noori Tajer, F. Dabaghi, “Survey of Maintenance and 
Cost of Medical Equipment in Hospitals Associated of Iran 
University of Medical Sciences and Health Services”. Journal 
of Iran University of Medical Sience, 2002.
10. 	 Ouda BK, Mohamed AS, Saleh NSK. “A simple 
quantitative model for replacement of medical equipment 
proposed to developing countries”. 5th Cairo International 
Biomedical Engineering Conference, IEEE; 2010. 
11. 	 AL-Fadel H., “Clinical Engineering Productivity Im-
provement”. Journal of Clinical Engineering, 2015.
12. 	 Arslan RB, Ulgen Y. “Smart-IPM: an adaptive tool for 
the preventive maintenance of medical equipment”. 23rd 
Annu Int Conf IEEE Eng Med Biol Soc. 2001. 
13. 	 Ridgway MG. “Manufacturer-Recommended PM 
Intervals: Is It Time for a Change?”. Biomed Instrum Technol. 
2009;43(6):498–500. 
14. 	 Chan L. “A systematic approach to quality function 
deployment with a full illustrative example”. Omega Journal. 
2005; 33:119–39. 
15. 	 Lin Q-L, Wang D, Lin W, Liu H. “Human reliability 
assessment for medical devices based on failure mode and 

effects analysis and fuzzy linguistic theory”. Saf Sci,  Elsevier 
Ltd; 2014; 248–56.
16.	 Hutagalung AO, Hasibuan S. Determining the pri-
ority of medical equipment maintenance with analytical hi-
erarchy process. Int J Online Biomed Eng. (2019) 15:107–20.
17. 	 Taghipour S, Banjevic D, Jardine a KS. “Prioritization 
of medical equipment for maintenance decisions”. J Oper 
Res Soc, 2015, 62:1666–87. 
18. 	 Saleh N, Sharawi A a, Elwahed MA, Petti A, Puppato 
D, Balestra G. “Preventive maintenance prioritization index 
of medical equipment using quality function deployment”. 
IEEE J Biomed Heal informatics, 2015; 19:1029–35. 

Submit your manuscript to Advances in 
the standards and applied sciences journal 
and benefit from:

u  Convenient online submission
u  Rigorous peer review
u  Open Access: articles freely available online
u  High visibility within the field
u  Retaining the copyright to your article

Submit your next manuscript at:
journal.standards.ac.ir


