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Abstract—Criticality analysis was performed on a representative sample of 

medical equipment at King Hussein Cancer Center (KHCC), Amman-Jordan, in 

order to assess and improve the effectiveness of current maintenance manage-

ment policy. A sample of twenty-one medical devices was selected for this 

study. Past failure and maintenance data, in addition to relevant financial infor-

mation were collected for these devices and compiled into criticality ranks.  In 

order to take account of the special nature of this equipment medical criticality 

(in terms of risk score) values were also calculated based on relevant tables of 

the American Society for Healthcare Engineering (ASHE). Overall criticality 

ranking of medical equipment was then determined based on equipment cost, 

ASHE risk score, reliability and maintenance cost.  The present results have re-

vealed major flaws within the purchase and maintenance policies at KHCC. For 

example, some extremely expensive devices with extremely high-cost mainte-

nance contracts were revealed to exhibit low reliability values and suffer from 

repeated failures. These were within patient-sensitive cancer treatment devices. 

The results also have shown that under "less than optimum" maintenance prac-

tice, the ASHE risk score may be a misleading measure of equipment criticality. 

This was shown by comparing the obtained overall equipment criticality to their 

ASHE risk score where high level of discrepancy was present between the two 

measures. 

Keywords—Criticality analysis, Medical Equipment, Reliability, Maintenance, 

Biomedical engineering, KHCC. 

1 Introduction and Literature Review 

Proper maintenance management of medical equipment is of prime importance to 

the health sector as otherwise this would result in poor treatment, longer waiting times 

and patients suffering as well as draining, the normally limited, financial resources of 

most public medical institutions. Medical devices usually consist of large number of 

components interacting with each other making complex repairable systems. In case 
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of a failure, the repairable system can be brought to adequate performance without 

replacing the whole system. Such systems usually go through periodic or non-periodic 

planned inspections during their life cycle. In practice, preventive maintenance (PM) 

is the most widely applied maintenance scheme for repairable systems [1]. This is 

normally achieved through regular planned checkups and maintenance; i.e., periodic 

PM. 

In order to assure the system safety and performance of medical devices, PM plays 

a very important role in clinical engineering. Potential failures can be detected 

through planned periodic inspections and appropriate mitigation measures are taken to 

fix these failures. In case of having no failure, performing preventive maintenance can 

avoid or reduce future failures [2]. 

Preventive maintenance intervals are an important discussion topic among clinical 

engineering professionals at various levels. Unnecessary and excessive PM could be 

very expensive. Accreditation organizations and regulating authorities, in many coun-

tries, require that PM intervals should be in accordance with equipment manufactur-

er’s recommendations [3]. However, it does not seem a practical approach to debate 

these intervals with equipment manufacturers because they might not share the infor-

mation about any documented data with the clients. In consequence, maintenance 

outcomes judgment and the periodic replacement of parts based on PM would not be 

possible [4]. 

The experience from different other industries shows that traditional PM is often 

unnecessary. However, clinical and biomedical engineering professionals are still 

focusing on to process measures instead of maintenance outcome analysis [5]. 

Hospitals and other medical institutions normally adopt a Medical Equipment 

Management Program (MEMP) in order to ensure the safety and reliability of critical 

devices. MEMP would usually engulf such activities as inspection, PM and testing. 

These activities should, however, be reviewed continuously in order to meet the in-

creasing demands of healthcare organizations as well as to align with current techno-

logical advancements [6]. 

Over the last two decades, the reliability prediction of medical systems have been 

considered by many researchers at the design and development stage, however, less 

literature deals with the reliability prediction for medical devices while in use [7]. 

A brief set of guidelines for maintenance management of medical devices as well 

as methods, such as Reliability Centered Maintenance (RCM), which have been used 

for a long time in other industries, are provided in reference [8]. RCM is a highly 

developed set of procedures aimed at the determination of maintenance requirements 

for the different assets in any firm. This would normally involve a comprehensive and 

strict decision process. When there is various distinct equipment with non-obvious 

failure consequences, asset criticality evaluation becomes a cornerstone and is the first 

step towards applying the RCM [9] and [10]. 

Although criticality is considered as a measure of equipment importance within an 

organization, it is also of an indication about the level of attention that should be allo-

cated to an asset. From a maintenance and reliability viewpoint, one dimension of 

asset criticality is defined based on the consequences of this asset experiencing an 

event of failure or a breakdown. This, in turn, is determined through factors such as 
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timing, severity, detectability, probability and costs incurred [11]. In healthcare organ-

izations, risk is also an important measure of criticality for medical equipment. In this 

context, risk, however, is looked at from a medical point of view which reflects the 

effect of an equipment failure on the patient's treatment and/or ultimately patient's 

life. This definition of risk should be distinguished from the generic denotation of risk 

used in RCM. Medical risk is normally determined by standard procedures based on 

individual equipment's risk scores [12]. This subject will be given further treatment 

later in this paper. A concept relevant to this topic is the perspective set by Dekker et 

al. [13] for equipment criticality; which looks at critical equipment through their func-

tion or use and not the equipment itself. On this basis equipment that might be critical 

under certain circumstances (such as lack of redundancy) may very well become an 

auxiliary one under different conditions (for example presence of other substitutes). 

Significant and critical assets should be identified and prioritized. Several techniques 

have been developed for criticality assessment. Most use some variation of the priori-

ty risk number (PRN) which is a product of the probability of failure of an asset, se-

verity of the consequence of the failure, and detectability of the failure. 

Fennigkoh and Smith [14] proposed a risk assessment method to group medical 

devices on the basis of their Equipment Management (EM) numbers. EM is the sum 

of the numbers assigned to the device’s critical function, physical risk and required 

maintenance.  

When EM number is above a critical threshold value (less than or equal to 12), de-

vices are then considered to have critical risk and are therefore included for the in-

spection and maintenance plans. While the above discussion briefly summarizes the 

subject of criticality in relation to medical equipment in general, there remains an 

important facet to be considered in relation to this subject; that is the specific region-

al/geographical location involved in the study. Preventive maintenance practice, 

whether periodic or non-periodic, may not be at the same level in developing coun-

tries compared to well-developed industrial countries [15].This is mainly due to issues 

like maintenance budget limitations [16], longer lead times involved in ordering and 

receiving spare parts and replacements [17], exhaustive administrative and clerical 

procedures involved due to highly centralized decision making hierarchy structures 

especially within public hospitals and medical centers [18], the lack of efficient doc-

umentation and logging procedures [19]and dominant political situations [20]. The 

present study was carried out at King Hussein Cancer Center (KHCC) located in 

Amman-Jordan. Despite the noticeable multi-dimensional advancements that have 

taken place within different industrial and commercial sectors recently in Jordan, 

substantial efforts are still needed to attain a world-class maintenance practice within 

medical institutions [21]. This is due to the above-mentioned factors and also due to 

the increasingly volatile political situation around Jordan which places additional 

economic and social pressures on the country. This implies that diligent and tight 

procedures must be put forward for maintenance budget allocations especially within 

highly critical medical institutions where highest level of equipment reliability and 

efficient financial strategies, in dealing with increasing economic pressures, are a 

prerequisite for a sustainable and acceptable level of patient service.KHCC is a 

unique medical institution where treatment of different types of cancer is provided 
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and where equipment unavailability is considered a high-risk event and may result in 

life-threatening complications. 

In light of the above, the main objective of this study is to perform a criticality 

study on a representative sample of medical equipment at KHCC in order to establish 

a robust procedure for criticality ranking of medical equipment and help assess and 

improve the effectiveness of current maintenance management policies at KHCC. 

This main objective would be achieved through the following sub-objectives: 

 Assess the effectiveness of the present maintenance policy at KHCC by determina-

tion of equipment reliabilities  

 Construct a systematic technique to measure equipment criticality that incorporates 

several dimensions including medical, financial and reliability measures.  

 Analyze the main causes that would affect equipment criticality. 

 Rank a sample set of equipment according to their new criticality values 

 Evaluate maintenance strategy for each equipment evaluated and propose some 

recommendations in regard to their maintenance activities, especially for those 

"highly critical" equipment 

2 Criticality and Maintenance of Medical Equipment at KHCC 

This section explains the current practice at KHCC in relation to criticality and 

maintenance of its medical equipment. 

2.1 Criticality ranking of medical equipment 

Criticality ranking at KHCC is based solely on risk classification for clinical 

equipment developed by the American Society for Healthcare Engineering (ASHE). 

In this classification, clinical equipment is evaluated based upon the following risk 

criteria: 

Risk Category I: Equipment function (E); this factor includes different areas like 

therapeutic, diagnostic, analytical and miscellaneous in which equipment are used. 

Risk Category II: Clinical application (A); this factor relates to the level of risk 

occurring if the equipment fails.   

Risk Category III: Preventive Maintenance Requirement (P); this factor reflects 

the level and frequency of required preventive maintenance. 

Risk Category IV: Likelihood of Equipment failure (F); this factor relates to the 

assumed mean time between failures (MTBF) and failure rate based on equipment 

service and incident history.  

Risk Category V: Environmental use classification (U); which provides the prima-

ry use area of equipment. 

Each of above risk categories include particular sub-categories with points as-

signed to them. A total risk score of 3 to 20 is obtained when these points are added 

together according to the formula: 
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   (1) 

Based upon the total risk score the equipment is evaluated for inclusion into the 

MEMP. 

The risk criteria categories above show that ASHE risk evaluation is a sophisticat-

ed level of failure mode and effects analysis (FMEA). 

APPENDIX A contains risk criteria category description and the calculated ASHE 

scores for the medical equipment in this study. 

2.2 Types of maintenance at KHCC 

KHCC conducts both preventive and corrective maintenance to its medical equip-

ment according to four maintenance schemes:  

In-house maintenance: In this type, maintenance tasks are carried out at the bio-

medical engineering department (BME) within KHCC by dedicated technical staff. If 

any replacement parts are needed for any device under maintenance, they would be 

ordered directly from the manufacturers or their local agents. This type of mainte-

nance is usually used with low price equipment. 

In-house-to-company: Maintenance of medical equipment would be carried out 

by BME at KHCC as a first trial. In case of BME being not able to repair the failed 

piece of equipment then it will be sent to the manufacturer or their local representative 

for repair. This type of maintenance is generally used with medium price equipment. 

Maintenance contracts: This maintenance scheme is normally applied to high-

tech and expensive equipment where a formal interactive agreement between KHCC 

and the manufacturers' local agents is compiled in order to maintain the equipment 

after warranty expiry. This normally covers all types of maintenance (PM and CM) 

for a payment amount determined in the contract which is normally valid for a period 

of one year. 

Lease contracts This scheme usually applies to analytical equipment in which case 

KHCC guarantee to purchase all supplements and consumables of specific equipment 

from the manufacturer’s local agent while, in return, these agents provide mainte-

nance works for free. 

3 Equipment Selection for Present Study 

Three criteria were identified as basis for equipment selection: 

 Similar equipment from the same department 

 Different equipment from different departments  

 Combinations of Similar equipment from different departments. 

The third criterion was chosen to pinpoint effects of differences in work conditions 

on equipment performance, reliability and maintenance cost. 
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Furthermore, the total number of equipment selected for study has been specified 

to be around 20 to 30 devices. This number range is not too large to allow multiple 

replications so that unnecessary repetition is avoided and not too small for providing 

meaningful picture of medical equipment at KHCC. 

After discussion with BME staff members, at KHCC, about the choice of a repre-

sentative set of devices with reliable failure and repair data a final set of 21 devices 

was selected. The final selected set of equipment are listed in Table 1 with some rele-

vant data about function, department, price, installation date and type of maintenance. 

4 Reliability Calculation and Reliability Rank 

In this section, reliability calculation, based on historical failure data, and reliabil-

ity ranking for all the selected equipment are explained. 

4.1 Time to failure (TTF) data 

TTF data for selected equipment are shown in Table 2. For example, ANAU 11 

had failed initially after 189 days from installation, the second failure happened after 

172 day from maintenance after the first failure, the third failure happened after 18 

days of second maintenance and the fourth failure happened 153 days after the third 

maintenance. 

Table 1.  List of medical equipment selected for analysis (prices are listed in local Jordanian 

currency; JD 1= US$ 1.4) 

Equipment 

Code 

 

Equipment 

Name 
Department 

Installation 

Date 

Price of 

Equipment 

(JD) 

Type of 

Maintenance 

Total Annual 

Maintenance 

Cost (JD) 

ANAU 11 
Anesthesia 

Machine 
Anesthesiology 3-03-2013 40 K In house 550 

ANAU 13 
Anesthesia 
Machine 

Anesthesiology 13-03-2013 40 K In house 550 

BCCO 12 
Hematology 
analyzer 

Hematology Lab 1-02-2010 80 K Lease contract 0 

CLAN 04 
Chemistry 

analyzer 
Chemistry Lab 13-03-2013 130 K Lease contract 0 

COAG 06 
Coagulation 

analyzer 

Operating Room 

Nursing 
02-08-2010 30 K In house 830 

DEFI  

19 
Defibrillator 

Operating Room 

Nursing 
14-03-2013 12 K In house 290 

DEFI  

22 
Defibrillator 

Operating Room 

Nursing 
18-03-2013 12 K In house 290 

DGBP 06 
Digital blood 
pressure 

gauge 

Outpatient BMT 

Nursing 
18-03-2013 1,250 In house 800 

DGBP 12 

Digital blood 

pressure 

gauge 

Surgical Ward 
Nursing 

18-03-2013 1,250 In house 800 
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ECGR 28 
ECGMa-
chine 

Surgical Ward 
Nursing 

05-01-2011 30 K In house 540 

LINAC 01 
Digital linear 
accelerator 

Radiation Oncol-
ogy 

17-03-2010 1.6 M Contracted 46150 

LINAC 02 
Digital linear 

accelerator 

Radiation Oncol-

ogy 
18-05-2007 1.6 M Contracted 104725 

LINAC 03 
Digital linear 

accelerator 

Radiation Oncol-

ogy 
18-05-2007 1.6 M Contracted 104725 

LINAC 04 
Digital linear 

accelerator 

Radiation Oncol-

ogy 
18-07-2010 1.6 M Contracted 46150 

MAMM 03 Mammogram 
DiagnosticRadi-

ology 
12-03-2008 250 K Contracted 22010 

MAMM 08 Mammogram 
Early Detection 
Nursing 

06-03-2013 250 K Contracted 22010 

MRIS  
02 

MRI unit 
Diagnostic 
Radiology 

12-03-2006 1.2 M Contracted 49700 

MRIS  

03 
MRI unit 

Diagnostic 

Radiology 
08-05-2012 1.2 M 

Contracted 

 
62480 

PORM 05 
Blood gas 

analyzer 

Operating Room 

Nursing 
31-12-2014 20 K In house 800 

ULSO 06 
Ultra sound 

machine 

Diagnostic 

Radiology 
29-03-2007 70 K 

In house to 

company 
5833 

ULSO 19 
Ultra sound 

machine 

Radiation Oncol-

ogy Nursing 
24-11-2012 70 K 

In house to 

company 
5833 

Table 2.  Time to failure (TTF) data for selected medical equipment 

Equipment 

Code 
TTF (DAYS) 

ANAU11 189 172 18 153         

ANAU13 271 189 210 18 177        

BCCO12 131 24 28 37 177 8       

CLAN4 50 85 116 475         

COAG06 42 53 40 62 29 161 82 10 3    

DEFI19 38 81 1 30 41 7       

DEFI 22 38 40 1 30 59 31 7      

DGPBP 06 150 180 610 34 130 206       

DGBP12 60 95 98 548 65        

ECGR28 136 14 23 9         

LINAC 01 
1 10 12 72 19 9 80 7 10 13 14 36 

31 13 16 32 31 14 17 34 37    

LINAC 02 
28 88 18 15 3 4 2 1 21 23 18 4 

1 41 4 10 141 48 2 27 35 1 57 10 

LINAC 03 

9 3 1 1 70 2 6 6 50 3 10 27 

9 57 3 5 13 5 8 67 14 2 10 51 

33 54           

LINAC 04 

20 6 8 27 9 2 10 2 14 4 3 6 

2 1 4 2 7 14 8 6 20 10 5 15 

1 20 8 1 11        

MAMM 03 7 4 14 26 45 2 4 46 10 43   

MAMM 06 548 240 69 34 13 58 6 69 131 332   
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MAMMO 8 44 324 67 60 578 148 247      

MRIS 02 

 

40 30 2 47 10 1 46 96 4 77 5 5 

46 9 4 3 6 13 8 25     

MRIS 03 
17 4 14 25 30 8 7 2 16 1 3 45 

20 1 14 10 12 12 20 10 1 5   

PORM 05 163 50 302 291 7        

ULSO 06 
187 5 150 11 31 6 27 17 18 76 54 49 

4 11 150 13 5 40 123      

ULSO 19 510 317 45 8 7        

4.2 Identification of failure density function and probability distribution 

To determine the failure density functions and probability distributions, the TTF 

data were analyzed using the Minitab® software using histogram and probability plots 

as shown in Figures 1 and 2. 

 

Fig. 1. Histogram for the LINAC-04 device 

Selection of the most suitable distribution from the results is carried out depending 

on the p-value and Anderson test (AD), as shown in Figure 3. Distributions were 

selected with maximum p-value and minimum AD. 
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Fig. 2. Minitab® probability plots for LINAC 04 

From Figures 2 and 3, the distribution for LINAC-04 is a 3-parameter Weibull dis-

tribution shape, scale and threshold values of 1.176, 8.42 and 0.5817, respectively. 

 

Fig. 3. Parameters of possible probability distributions using TTF data for LINAC 04 

4.3 Reliability calculation 

Reliability values of equipment were determined using the following formula: 

 


t

dttftFtR
0

)(1)(1)(
 (2) 
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Where, 

R(t): reliability function 

F(t): cumulative probability distribution 

f (t): failure density function 

From the failure density functions determined in section 4.2, the reliability for each 

equipment was determined by plotting its failure density function distribution and 

finding the area under the curve, Figure 4. 

 

Fig. 4. Probability Plot for LINAC 04 

4.4 Reliability ranking 

After finding reliability for the different equipment, reliability ranks were deter-

mined using a standardization method as follows: 

  (3) 

For example, reliability rank for LINAC 04 

 (4) 

Then the reliability rank is determined as follows: 

 (5) 

For example reliability rank for LINAC 04 = 10(1-0) = 10. 

The higher the reliability rank the higher the criticality of the equipment. 
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Table 3 presents equipment failure density functions, reliability and reliability 

ranks for all equipment. 

Table 3.  Failure density functions, reliability and reliability ranks for the selected equipment 

Equipment 

Code 
Failure Density Function 

Function parameters 

Reliability 

Reliability 

rank 

 
Scale Shape Thresh 

ANAU 11 Exponential 132.99   0.9631 1 
ANAU 13 Exponential 173   0.9715 1 
BCCO 12 Exponential 67.5   0.8882 2 
CLAN 04 Exponential 181.499   0.9728 1 
COAG 06 Exponential 53.5556   0.8612 2 
DEFI  
19 

Weibull 76.668 2.81 35.098 0.8506 2 

DEFI  
22 

Normal 29.428 18.8902  0.9020 2 

DGBP 06 Exponential 218.33   0.9774 1 
DGBP 12 Exponential 173.199   0.9715 1 
ECGR 28 Exponential 45.5   0.8574 2 
LINAC 01 Log logistic 0.47425   0.8475 2 
LINAC 02 Weibull 19.228 0.6915 0.7514 0.5235 8 
LINAC 03 Lognormal 1.30794   0.4595 8 
LINAC 04 Weibull 8.42127 1.1762 0.58172 0.2768 10 
MAMM 03 Exponential 20.1   0.6080 6 
MAMM 08 Exponential 214.85   0.9770 1 

MRIS 02 Lognormal 1.2998   0.4961 7 

MRIS 03 

 
Exponential 12.59   0.6209 6 

PORM 05 Exponential 162.4   0.9817 1 
ULSO 06 Lognormal 1.2498   0.7578 4 
ULSO 19 Lognormal 2.00159   0.8804 2 

5 Maintenance Cost Ranking 

Nine cost ranges were determined, for maintenance, by dividing the overall 

maintenance cost range (highest cost – minimum cost) by 9 (desired number of rang-

es).  

  (6) 

Even though 10 rank values are needed, only 9 cost ranges are used here as the 

values contain zero cost entries. Based on this cost interval a rank of 1 would be allo-

cated to zero maintenance cost, a rank of 2 would be allocated to maintenance be-

tween JD 1 and JD 12,500 and so on as given in Table 4. 
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Table 4.  Maintenance cost ranking 

Cost range (JD) Rank 

0 1 

1-12500 2 

12500-25000 3 

25000-37500 4 

37500-50000 5 

50000-62500 6 

62500-75000 7 

75000-87500 8 

87500-100000 9 

100000-112500 10 

6 Equipment Purchase Price Ranking 

The purchase price ranks were determined in the same way as the maintenance cost 

ranks but ten ranges for equipment overall prices were determined as there is no zero 

price entries in this case. This was done by dividing the highest equipment cost by 10 

(desired number of ranges): 

  (7) 

The ranks for the different price ranges are shows in Table 5. 

Table 5.  Purchase price ranking 

Cost range (JD) Rank 

1-160,000 1 

160,000-320,00 2 

320,000-480,000 3 

480,000-640,000 4 

640,000-800,000 5 

800,000-960,000 6 

960,000-1,120,000 7 

1,120,000-1,280,000 8 

1,280,000-1,440,000 9 

1,440,000-1,600,000 10 

7 Risk Score Ranking 

Equipment in KHCC is classified depending on ASHE risk score as defined in sec-

tion 2.1.  

  E+A+ ((P+F+U)/3) (8) 

iJOE ‒ Vol. 15, No. 15, 2019 29



Paper—Criticality Analysis of Medical Equipment: A Case Study at King Hussein Cancer Center (KHCC) 

For example: 

 (9) 

Appendix A in section 15 contains full details on ASHE risk score calculations for 

all equipment. 

In order to find ranks for risk score, a standardization method is used as follows: 

 (10) 

For example:  

 (11) 

In order to obtain the rank in the desired format, i.e., integer numbers between 1 

and 10, the standardized rank is multiplied by 10 and rounded up. For example the 

final risk score rank for CLAN-04 would be 4. 

ASHE risk scores together with risk score ranks for the different equipment are 

shown in Table 6. 

8 Overall Criticality of Equipment 

The last step is to calculate the overall criticality number for each equipment using 

the following equation: 

For example: 

 (12) 

 (13) 
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Table 6.  ASHE risk scores and risk score ranks for the selected equipment 

Equipment 

Code 
ASHE Risk Score 

Rank of 

Risk Score 
Equipment Code 

ASHE 

Risk Score 

Rank of 

Risk Score 

ANAU 11 19 10 LINAC 01 17 8 

ANAU 13 19 10 LINAC 02 17 8 

BCCO 12 11 1 LINAC 03 17 8 

CLAN 04 14 4 LINAC 04 17 8 

COAG 06 11 1 MAMM03 13 3 

DEFI 19 18 9 MAMM08 13 3 

DEFI 22 18 9 MRIS 02 13 3 

DGBP 06 12 2 MRIS 03 13 3 

DGBP 12 12 2 PORM 05 12 2 

ECGR 28 14 4 ULSO 06 11 1 

   ULSO 19 11 1 

9 Discussion and Analysis of Results 

From Table 3, it can be seen that reliability values fall between 27% and 97%. 

While this reveals serious differences in performance of maintenance efforts for the 

different devices, at the same time it poses a concern about planning future mainte-

nance strategies for medical devices at KHCC. 

For ease of reference, individual rank values as well as overall criticality numbers 

of the different equipment are shown in Table 7. Color-coding was used to indicate 

criticality level for individual ranks and the overall criticality as follows: 

For individual rank values:  

 Values between 1 to 4: low level criticality; highlighted in blue 

 Values between 5 to 6: medium level criticality; highlighted in yellow 

 Values between 7 to 10: high level criticality; highlighted in red 

For overall criticality values:  

 Values between 1 to 100: low level criticality (category "C"); highlighted in blue 

 Values between 101 to 1000: medium level criticality (category "B"); highlighted 

in yellow 

 Values between 7 to 10: high level criticality (category "A"); highlighted in red 

Level A represents the most critical equipment that contains the following devices: 

LINAC-02, LINAC-03 and LINAC-04. 

It is obvious from Table 6 that the high criticality of these equipment come from 

the high maintenance cost, high risk score, high initial cost and, surprisingly, the low 

reliability. 

LINAC equipment are identical, but the differences do exist between maintenance 

contract values due to difference in the age of equipment where older devices 

(LINAC-02 and LINAC-03) have contract values of JD 104725 each while newer 

devices (LINAC-01 and LINAC-04) have lower contract value of JD 46150 each. 
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Despite the higher contract value, three of the LINAC devices occupy the highest 

criticality ranks and exhibit major reliability concerns with LINAC-04 scoring the 

lowest reliability in all equipment (27.68%) leading to a criticality level A. 

This high criticality of the most expensive set of devices, and especially, with the 

presence of major reliability concerns indicates that major shifts in the maintenance 

policy are required such as more effective preventive maintenance measures and/or 

tighter control on maintenance providers should be achieved.  

Level B represents the medium critical equipment that contains the following de-

vices: MRIS-03, MRIS-02, LINAC 01, and MAMM-08. 

Here, there is a variety in parameters that led to these devices falling within this 

criticality range. 

MRIS-03 has high price (1.2 million JD), medium reliability (0.6209), low risk 

score (13) and medium maintenance cost (JD 62480). While MRIS-02 has the same 

high initial price and low risk score, its reliability value of 0.4961 falls at the verge of 

the low reliability values. 

LINAC-01 medium criticality comes from its high price (1.6 million JD) and me-

dium maintenance contract value equal JD 46150 but it seems to have good reliability. 

MAMM-03 exhibits low to medium reliability value of 0.6080 with the rest of oth-

er parameters being within acceptable ranges. 

Devices falling in this category seem to have low reliability values with respect to 

their initial prices and maintenance costs which also demands for some changes in 

their maintenance policy including some more efficient preventive maintenance 

measures and better control over maintenance providers. 

Level C represents the lowest criticality equipment ranging between 1 and 100; 

which contains the rest of equipment. This low criticality comes from low initial pric-

es, relative maintenance cost, risk scores, overall prices, and high reliability of these 

equipment. 

There is some equipment with low criticality in spite of their high risk score such 

as DEFI 19, DEFI 22, ANUA 11, and ANUA 13. This indicates to be within im-

portant equipment but does not demand any major steps in terms of maintenance 

strategies of these devices. This also applies to all equipment within level-C criticality 

category.  

Table 7.  Color coding and A-B-C analysis of equipment criticality 

Maintenance 

cost rank 
Risk score rank Reliability rank 

Purchase price 

rank 

Overall critical-

ity number 

Level of critical-

ity 

10 8 8 10 6400 

Level A 10 8 8 10 6400 

5 8 10 10 4000 

6 3 6 8 864 

Level B 
5 3 7 8 840 

5 8 2 10 800 

3 3 6 2 108 

2 9 2 1 36 

Level C 2 9 2 1 36 

2 10 1 1 20 
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2 10 1 1 20 

3 3 1 2 18 

2 4 2 1 16 

2 1 4 1 8 

1 4 1 1 4 

2 1 2 1 4 

2 2 1 1 4 

2 2 1 1 4 

2 2 1 1 4 

2 1 2 1 4 

1 1 2 1 2 

 Red color indicates  high criticality  

 Yellow color indicates medium criticality 

 Blue color indicates low criticality 

The data in Table 7 is presented in the form of a bar chart (Pareto chart) in Figure 5 

for ease of reference. 

 

Fig. 5. Pareto chart for overall equipment criticality 

10 Rationale of the Study 

It has been mentioned previously that, at KHCC, criticality of equipment is based 

solely on the ASHE risk score. The validity of this assumption and its applicability to 

maintenance prioritization can be checked by comparing the ASHE risk score ranking 

of the different equipment and their overall criticality obtained from the different 

ranks. Figure 6 shows the ASHE risk score ranks against overall criticality values. It 

is obvious, from this Figure 6, that no relationship can be discernable between the 

ASHE risk score used at KHCC and the calculated criticality of equipment. This im-

plies that the ASHE criticality alone is not adequate to support a decision making 
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process for maintenance applications and is only valid for determining "medical criti-

cality". Even though the formula used to calculate the ASHE risk score implicitly 

contains a component of equipment reliability, by considering preventive mainte-

nance, it is obvious that this implicit incorporation may not be considered as an 

enough basis for determining medical equipment criticality. The inability for the 

ASHE risk score to represent actual importance of medical equipment is that the level 

of preventive maintenance practiced may not be of a "world class" standard [22].  

Other issues for explaining this discrepancy between the ASHE risk score and the 

overall equipment criticality is that the latter takes into consideration other economic 

and financial factors such as equipment overall price and maintenance cost which are 

not taken into consideration in calculating the ASHE risk score. These factors are of 

prime interest to medical institution such as KHCC especially under present financial 

and economic pressures. This may explain some of the deficiency in the present 

maintenance strategies applied at KHCC and indicate a need for modifications in 

these strategies.  

 

Fig. 6. ASHE risk score ranks vs. overall equipment criticality 

11 Conclusion 

Criticality analysis was carried out on a representative sample of medical equip-

ment at KHCC in Amman-Jordan. Criticality evaluation was based on equipment 

reliability, ASHE risk scores, and equipment price, and maintenance costs. The pre-

sent results have revealed that a range of criticality values (in terms of overall critical-

ity ranks) exist between different types of equipment thereby demanding different 

maintenance management schemes and strategies. The results have also shown that 

the ASHE risk score alone maybe a misleading measure of medical equipment criti-

cality, especially when it is considered as a basis for maintenance policies. Moreover, 

it was revealed that major flaws were present in the maintenance management strate-

gies, especially for the highly-expensive equipment, when using the ASHE risk score 

as the sole measure for medical equipment reliability. 
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Appendix A –ASHE Clinical Equipment Risk Evaluation 

Risk criteria category description 

  (A1) 

Table 8.  Risk category I: Equipment function (E) 

Point score Function description 

10 Therapeutic life support 

9 Therapeutic surgical or intensive care 

8 Therapeutic physical therapy or treatment 

7 Diagnostic surgical or intensive care monitoring 

6 Diagnostic other physiological monitoring 

5 Analytical laboratory 

4 Analytical laboratory accessories 

3 Analytical computer and related accessories 

2 Miscellaneous patient related 

1 Miscellaneous non patient related 

Table 9.  Risk category II: Clinical application (A) 

Point score Description of use risk 

5 Potential patient death 

4 Potential patient injury 

3 Inappropriate therapy or Misdiagnosis 

2 Equipment damage 

1 No significant identified risk 

Table 10.  Risk category III: Preventive maintenance requirement (P) 

Point score PM frequency 

5 Monthly  

4 Quarterly 

3 Semi-annually  

2 Annually  

1 Not required  

Table 11.  Risk category IV: Likelihood of failure (F) 

Point score Mean time between failure 

5 Less than three months 

4 Approximately six months  

3 Approximately one year  

2 Approximately three years  

1 Greater than five year  
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Table 12.  Risk category V: Primary area of equipment use (U) 

Point score Function description 

5 Anesthetizing locations  

4 Critical care areas  

3 Wet locations/labs/exam areas  

2 General care area  

1 Non-patient area  

 

Risk evaluation score analysis 

Table 13.  Risk evaluation score analysis 

ASHE class  Risk score Total score 

Analyzer, blood gas pH  5 3 4 4 3 12 

Analyzer, coagulation  5 3 3 3 3 11 

Analyzer, Hematology  5 3 3 3 3 11 

Analyzer, chemistry  7 4 3 2 4 14 

Anesthesia  10 5 5 3 5 19 

Cleaner  1 1 2 1 1 3 

Defibrillator  10 5 4 1 4 18 

ECG  7 4 3 1 5 14 

Ultrasound  6 3 3 2 2 11 

MRI  6 4 3 4 3 13 

Digital Blood pressure  7 3 2 1 2 12 

Linear accelerator  8 5 4 3 4 17 

Mammography  6 4 3 4 3 13 
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