
A Critical Factor 
Out of necessity, hospitals must balance risk with expenditures. 

A reasonable and structured approach should be relied on when 
addressing scheduled maintenance costs.  
 

The popular recommendation for Alternative Equipment 
Management (AEM) risk assessment calls for comparing two primary 
characteristics: Likelihood of Failure, and Consequence of Failure. I 
propose replacing Likelihood of Failure with Failure Apparent to the 
Operator for the following reasons. Likelihood of Failure - when clearly 
identified using service data - is relevant information that can be 
effective in prescribing maintenance, e.g. necessary battery 
replacement. However, guessing at Likelihood of Failure on an 
equipment component level is subjective and may not be as 
meaningful in directing maintenance. I propose that appearance, or 
Failure Apparent to the Operator, offers a clearer path to assessing actual 
risk.  

I recognize that Failure Apparent to the Operator may not seem as 
clear or reasonable a risk criteria as likelihood of failure. However I 
believe that the observation of failure as it relates to risk can be more 
clearly established and that in practice it is a clearer indicator of risk - 
a paradigm shift in viewing.  

Failure data from service records - Likelihood of Failure – can be 
very useful and should be applied as a separate indicator for 
maintenance rather than a risk criteria. A specific issue can indicate 
the need for individualized maintenance, however it should not be 
used to represent a true overall indicator of risk for a device type.  

*** 
Subjective terms like high, medium, low, or sufficient, reasonable, 

unreasonable, substantial, and effectiveness - are embedded throughout 
various risk writings (words italicized are from FDA, SUBCHAPTER 
H--MEDICAL DEVICES, Code of Federal Regulations, Title 21, 
Volume 8).  

Risk assessment is generally centered on two positions: 
subjective reasoning, and measurable quantifiable data. These terms 
can represent two very different approaches to risk analysis - for 
example, assessing the likelihood of failure intuitively, versus a 
reliance on repair data. Arbitrary selection is also relied on in risk 
assessment.  



Data, measurable and quantifiable – e.g. manufacturer, model, 
installation date, types and numbers of repairs, time period between 
repairs.  

Subjective reasoning – based on an individual’s experience or 
intuition – e.g. the relative risk of harm (low, medium, great) a device 
failure poses to a patient.  

Arbitrary – also based on an individual’s experience or intuition – 
often used in the context of setting parameters, e.g. determining a 
cost cut-off for repair analysis.  

At some point in the development of risk assessment methods, 
decisions will necessitate making subjective and arbitrary choices.  

The FDA does not set requirements for medical equipment 
maintenance, but does make recommendations to manufacturers 
regarding potential risks to patients in the design and manufacturing 
of equipment. It may be, however, that statements like the following 
have contributed to the acceptance of the likelihood of failure as a 
risk factor: “…the likelihood that a medical device will have 
problems, the likelihood of a patient experiencing harm... How 
frequently did the manufacturer anticipate this specific failure mode 
or defect would occur?” (Factors to Consider Regarding Benefit-Risk in 
Medical Device Product Availability, Compliance, and Enforcement Decisions, 
FDA, Center for Devices and Radiological Health, 2016).  

Risk factor: Likelihood of Failure 

Failure rates and types of repair (likelihood of failure) should be 
part of the evaluation of risk and contribute to determining the 
inclusion and frequency of scheduled maintenance. Past failures do 
not necessarily predict a likelihood of failure in the future. But let’s 
assume that by using repair data, a failure rating can be arrived at for 
a particular device type. For example, using a quantity of 100 of a 
particular device type, we find a total of 25 repairs for 25 of the units 
during a one year period, or a 25% annual repair rate.  

We might consider this 25% rate very high, and thus establish 
the likelihood of failure as very high. How then should we relate this 
to a risk assessment and maintenance strategy? If we know the 
consequence of failure for this device will cause serious harm to a 
patient, and we have established the likelihood of a failure (based on 
past repairs) to be highly probable, our assessment can point us to 
definitely including it in a maintenance program, with perhaps a short 
inspection interval. But what if the repair rate was 20%, 15%, 5%, or 



less? How then do we establish the relative likelihood of failure for a 
risk assessment?  

But what if we have measurable and quantifiable data that can 
support the use of one percentage over another in assessing risk? We 
may be able to establish a firm device type rating if we had a large 
enough (How large is enough?) dataset, delineated by manufacturer, 
model (perhaps serial number), year installed, age, service action and 
parts involved. Do this, and we may better know the risk this device 
failure rate represents. If we can’t do this, we will need to rely on 
subjective intuition.  

The relevance of past failure data is problematic, and makes a 
poor risk indicator applied to an entire device type. However, this 
same data can be very useful in determining a service class for a 
specific device; the potential for critical components to fail can place 
a device type on a watch list for example.  

Risk factor: Failure Apparent to the Operator 

If the consequence of failure is high, but a failure is easily 
detected by the operator, is the overall risk as high as if failures are 
not noticeable?  

Failure Apparent to the Operator, is the proposed main risk criteria 
alongside Consequence of Failure (the ability of a failure to harm a 
patient). Effectively, Failure Apparent to the Operator, says that 
regardless of past device failures (Likelihood of Failure), if a failure can 
be observed by the operator, the patient is at a lower risk than if a 
failure can go undetected.  

Examples of failures more easily detected by the operator are: 
aneroid manometer, EKG machine, hydrocollator, standing scale.  

Examples of failures not easily detected: blood warmer 
temperature, nurse call function, defibrillator output.  

Using this risk factor forces a decision – can the operator 
observe failure - that moves equipment into one of two groups: 
devices whose failures are observable by the operator (Yes). All other 
devices - by default - are classified as having failures not observable by 
the operator (No). This reduces the risk factor of the Yes group, and 
raises it for the No group.  
  



Comparing Failure Likelihood with Failure Apparent 

Table 1 shows the estimated risk using a sample of 10 device 
types that demonstrate a range of functions, complexity, and risk. 
This model represents two modes of assessment, one relying on 
likelihood of failure, the other on a failure apparent to the operator. 
The table incorporates three other variables: Consequence of Failure (to 
the Patient), Calibration and Parts Replacement, and Startup Self Test. The 
variables indicated as having a higher level of risk are highlighted in 
red.  

The comparison between the two columns shows very different 
outcomes: Failure Apparent generates a greater number of high risk 
indications than Failure Likelihood.  

In this sample one device type shows complete agreement 
between both Failure Likelihood and Failure Apparent columns: the 
Nurse Call System.  
 

 

 
 

 Table 2 shows the relevant issues for each characteristic by 
which the devices are coded.  

 



 
 
 
Table 3 shows basic indicators for each risk criterion: Failure 

Likelihood requires several potentially subjective assessments, 
while Failure Apparent indicators offer fewer choices, based on 
observation.  

 

 
 

There is no getting around the work of assessing each device 
type, one at a time. And there is also no way to make strictly data-
based assessments that do not depend on subjective or intuitive 
judgements. The purpose of the risk matrix is to provide a 
standardized structure for visualizing the relationships of established 
risk characteristics – to best observe and manage the range of 
subjective assessments.  

Using a matrix of critical characteristics, we can classify device 
types and determine the need for scheduled maintenance inspections. 
These results can then be augmented by other information such as 
manufacturer’s maintenance recommendations, previous 
maintenance inspections that resulted in a repair, repair history, alerts 
and recall notices.  

Table 4 uses the following four criteria 

· Consequence of Failure - based on the device type’s direct 
connection to life support functions.  



· Calibration Adjustments and Parts Replacement – actions 
required periodically, e.g. temperature adjustment, battery 
replacement.  

· Failure Apparent to the Operator - functional indicators that 
are apparent to the operator, e.g. lights, output readings.  

· Start-up Self Test – pass/fail test of functions on start-up.  
 
Table 4. Every possible combination of risk factors is displayed. 

Sample devices are shown assessed. Any device can be assessed by 
selecting the appropriate level of each criteria.  

 

 
Defining maintenance protocol for an AEM (Alternate 

Equipment Management) program should include different kinds of 
information from many sources: 

Failure rate: number per inspection interval.  
Operational complexity: simple function check, or use of test 

equipment.  
Number of periodic inspections resulting in repair.  
Number of repairs not related to periodic inspections.  



Identifying typical failure causes that might be addressed 
during a periodic maintenance inspection.  

Assessing maintenance inspections that lead to a repair – thus 
helping to establish a need for inspections.  
Manufacturer’s maintenance recommendations.  
Alerts and recall notices.  
 

Unique factors can call for specific actions. The risk assessment 
tool is a starting point from which maintenance protocols evolve.  

 

 
 

The above screenshot shows the main MS Access data input 
screen that was used for risk assessment at St. Luke’s and Roosevelt 
hospitals in New York City. By selecting from the four main criteria, 
the database automated the risk comparisons and recommended a 
maintenance type and interval. That recommendation could then be 
altered if needed to reflect other data available to be assessed.  

Below is a simplified illustration of the relationships of the 
various risk criteria.  
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