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Abstract: Medical equipment such as anaesthesia machines require essential maintenance to ensure high levels of reliability 
in  healthcare services. A risk-based maintenance (RBP) strategy is a useful tool to design a cost-effective maintenance 
schedule; its objective is to reduce overall risk. In  risk assessment of a failure scenario in healthcare organizations,  
consequences  often  have  three  key  features:  patient safety  effect,  maintenance resources effect and  economic  loss.  In  
this  paper,  to  quantify  the  severity  of  patient injury and maintenance resources, a fuzzy healthcare failure modes and 
effects analysis (HFMEA) method  is  developed  using data derived from five experts. Based on conditional  probability of 
failures and  consequence  analysis,  the  risk  is  calculated and prioritized. To facilitate the comparison of failures, a new 
risk index is introduced. A numerical example illustrates the feasibility of  proposed  approach in critical medical equipment. 
The  results  indicate  that  this method would be fit for  identifying  critical  failures in complex medical equipment 
maintenance process by considering different ideas of five experts and the proposed method can increase the reliability of 
high risk machines in healthcare industries. 
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1. Introduction 
 

Maintenance of medical equipment is not just a question of repairing broken things.  It is an integral part of 
managing the whole lifecycle of equipment. Medical equipment brings along with it associated benefits and problems. The 
problem that draws the most attention is maintenance.  Lack of a maintenance policy can result in no advance planning for 
maintenance budgets and thus no availability of spares and accessories. Many laboratories and healthcare programmes suffer 
because the installation and maintenance requirements are not planned in advance. This renders much equipment unusable 
and many devices lie idle because of lack of spares or funds. There are two types of maintenance of Medical Equipment; 
Corrective Maintenance (or Repair) and Preventive Maintenance (Planned or Scheduled) (Ministry of Health and Family 
Welfare, 2010). 

Risk-based maintenance (RBM) methodology provides a tool for maintenance planning and decision making to 
reduce the probability of failure of equipment and the consequences of failure. The concept of risk-based maintenance was 
developed to inspect the high-risk components usually with greater frequency and thoroughness and to maintain in a greater 
manner, to achieve tolerable risk criteria. In  an  RBM  strategy in healthcare areas,  the  risk  of  a  particular  failure  
scenario  can  defined  as  the  product  of likelihood and consequences. These consequences have three key features: patient 
safety effect, maintenance resources effect and  economic  loss. With regard to the problem of how to use available resources 
in the most effective way, cost-effective maintenance strategies are both vital and necessary.  

Over the past few decades, maintenance strategies have been through a major metamorphosis from  primitive  
breakdown  maintenance  to  the  more  sophisticated  strategies  like  condition-based maintenance  and  reliability-centered  
maintenance  (Patton,  1983;  Rao,  1996;  Rausand,  1998).  The risk-based  maintenance  (RBM)  strategy,  which  emerged  
in  the  1990s,  provides  a  new  vision  for asset  integrity  management  (Harnly,  1998;  Kumar,  1998;  Montgomery,  and  
Berratella,  2002; Backlund,  and  Hannu,  2002;  Farquharson,  and  Choquette,  2002;  Kjellen,  Motet,  and Hale,  2009).  
The RBM  strategy  uses  the  risk  level  as  a  criterion  to  plan  maintenance  tasks  and  has  received increasing attention 
from researchers in recent years. Apeland  and  Aven  (2000)  presented  a  Bayesian  method  for  RBM  optimization  as  an 
alternative  to  the  probabilistic  framework.  Jovanovic  (2003)  reviewed  practices  and  trends  in  the area of risk-based 
inspection and maintenance in power and process plants by comparing European and  US  studies.  Arunraj  and  Maiti  
(2007)  reviewed  research  on  RBM  and  risk  assessment technologies. Khan  and  Haddara  (2003)  proposed  a  complete  
framework  for the RBM strategy, in which the probability of the unexpected event was determined using fault tree analysis 


