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Background 

 Medical Equipment Management Program 
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Key Problems 

 Which devices should be included in the MEMP? 

 What maintenance strategy should be established for each class of 
devices? 

 Which optimization models should be developed? 
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Research Contributions 

Prioritization of Medical Devices 

Reliability and Trend Analysis of Medical 
Devices’ Failure Data 

Inspection and Maintenance 
Optimization Models 
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Prioritization of 

Medical Devices 

Mission 

Criticality 

Age Total Risk Recalls and 

Hazard Alerts 

 

Maintenance 

Requirements 

 

Goal 

Criteria 

Device 1 Device 2 Device 3 Device m 

Alternatives 

Function 

Utilization 

 

Availability of 

Alternative Devices 

 

Criticality Assessment Model 

• Ranking medical devices 

• Classification and maintenance strategies 
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Failure Types: Soft & Hard 

General Infusion Pump 

Components with hard failure 

AC Plug/Receptacles 

Alarms 

Controls/Switches 

Indicators/Displays 

Mount 

Occlusion Alarm 

Components with soft failure 

Audible Signals 

Battery/Charger 

Chassis/Housing 

Fittings/Connectors 

Labeling 

• The system stops 

• Repaired immediately 

• The system can still function 

• The performance is reduced 

• Rectified at next inspection 
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Sample Results at System Level 

IPAMC 2016, October 23, 24, Tehran, Iran 

 



Observed & Unobserved Data 
1u

2l
T 

1nl 

1nu 

1nX 

1st event 2nd event (n-1)th event 

1l

2u

2X nX

nu  

nl

1X

Repairable unit is inspected periodically 

Failures follow a NHPP with a power law intensity function 
1( )x e x   

Failures are only rectified at inspections (censored failures)  

n event s observed over time  .T
1,..., ,r nX X XEvent s times  

iX

where 

1 1... .iX X  depends on  
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Trend Analysis Using 

Likelihood Ratio Test 

0H : Homogenous Poisson process 

1H : Non-homogenous Poisson process 1 

1 

0L = Maximum likelihoods of the data when  1 

1L = Maximum likelihoods of the data when  1 

2
1 0 12ln( / )L L  Statistic 

Reject 0H is greater than an appropriate critical value if 
2
1

• We want to test whether the intensity of failures 

increases, decreases or is constant: 

2
1,
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Component Name Battery Housing/chassis 

Maximum Likelihood 

Using the EM Gradient 

 

Maximum Likelihood 

105.846 0.222 

Conclusion trend no trend 

1

ˆˆ -2.912, =1.784

ln( ) 698.305L

 

  1

ˆˆ -0.142, 0.917

ln( ) 153.425L

  

 

( 1)  0

1.926

ln( ) 751.228L

  

  0

0.280

ln( ) 153.536L

  

 

2
1

( 1) 

Results of the Trend Analysis 
 Audible signal (125 records, 80 units) 

 Housing/chassis (164 records, 38 units) 

 Battery (897 records, 674 units) 

 Simulated date (690 records, 100 units) 
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Inspection Optimization Models 

Case 1: A System under Periodic 
Inspections 

Minimal Repair of  

Soft Failures 

Model Considering 
Downtime and Repair of 

Components 

Model Considering the 
Number of Failures 

The Combined Model 

Minimal Repair and 
Replacement of Soft Failures 

Model Over a Finite 
Time Horizon 

Model Over Infinite 
Time Horizon 

Case 2: A System under Periodic  

and Opportunistic Inspections 

Minimal Repair of Soft  

and Hard Failures 

Minimal Repair and  

Replacement of Soft Failures 

Minimal Repair and 
Replacement of Soft  and 

Hard Failures 

Preventive Replacement of 
Components with Hard 

Failures at Periodic 
Inspections 

Structure of the Optimization Models 
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Non-Opportunistic Maintenance 

SPI 

 
SPI 

 
SPI 

 T 

 

SPI 

 
SPI 

 
SPI 

 0 

 hard failure 

 

?

soft failure 

(hidden failure) 

 

Periodic inspections

Non-opportunistic maintenance

Minimal repair and replacement 

Finite time horizon (T)  

Assumptions: 

Rectified 
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Component  
(months) 

Minimal repair 

cost  

Downtime 

cost/month  

Replacement 

cost 

1 1.3 3.5 $70 $100 $700 0.9 0.2317 

2 1.1 4.6 $45 $250 $450 0.9 0.1763 

3 2.1 6 $100 $220 $1000 0.9 0.1352 

4 1.8 10 $75 $170 $750 0.9 0.0811 

5 1.7 3.6 $150 $260 $1500 0.9 0.2253 

j
jb

Example:  

A Five Components System   

Parameters of the power law intensity functions, probability of minimal repairs  

(                        ) and  costs for different components 

j
ja

Parameters are obtained from a medical device (infusion pump) case study  

( ) bxr x ae
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Example: Cost Function 

It is optimal to inspect at 5, 10, and 12 months! 

$200

12 months

Ic

T





1 2 3 4 5 6 7 8 9 10 11 12

Cost 10.33 9.37 9.20 9.20 9.11 9.36 9.25 9.16 9.15 9.24 9.51 9.80

8.50

9.00

9.50

10.00

10.50

11.00

Total cost for Tau = 1,2,3,...,12 in $1000 

1

1 1 1 1 1

[ ] ( ( ) ( ) ) ( ( )) ( ( ))
m n m n m

T M j j R D j D j

S I j k k j j k j n

j k j k j

E C nc C M t R t C C e t C e t 


    

        
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SPI 

 
SPI 

 
SPI 

 T 

 

SPI 

 
SPI 

 
SPI 

 0 

 hard failure 

 

soft failure 

(hidden failure) 

 

Periodic inspections

Opportunistic maintenance 

Minimal repair of hard and soft failures

Assumptions: 

Rectified Rectified 

?

Finite time horizon (T)  

Opportunistic Maintenance 
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Example: A System with 5 Soft  

and 3 Hard Components 

Parameters are obtained from a medical device 

(infusion pump) case study  

Component       (months) Minimal repair cost  Downtime penalty cost/month  
S

o
ft

 F
a

il
u

re
s 

1 1.3 3.5 $70 $150 

2 1.1 4.6 $45 $250 

3 2.1 6 $100 $300 

4 1.8 10 $75 $100 

5 1.7 3.6 $150 $150 

H
a

rd
 

F
a

il
u

re
s 1 1.5 11 --- --- 

2 1.2 7.2 --- --- 

3 1.7 2.8 --- --- 

j j
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Example: Cost Curve 

It is optimal to inspect every 3 months 

$70

12 months

Ic

T





1 2

1 1

[ ] [ ( , , ) ( ( , , ))] 
m m

T M j D j

S I j n j n

j m

E C nc c M t s c T e t s 


 
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 Prioritization of medical devices 
 Model is comprehensive and incorporates all important criteria, 
but is expert intensive 

 Data analysis and trend test  
The common belief that electronic devices fail randomly is not 
always correct 

• Inspection interval 
Soft and hard failures, and periodic and opportunistic 
inspections should be considered in the model 

 
 

Conclusions 
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 Prioritization of medical devices 

 Multi-criteria methodology to select appropriate maintenance 
strategy 

 Trend test  

Using other iterative algorithms to compare the results 

 Inspection interval 

 Considering non-periodic and condition-based inspections 

 

Future Research 
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