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There is no question that the most effective 
way to respond to a question is with a set of 
relevant facts. Facts are generally irrefutable; 
colloquially we say, “The facts speak for 
themselves.” A database is nothing more 
than a convenient vehicle for collecting, 
organizing, and storing facts.

However, since all tasks involve some level of 
effort, it is appropriate to ask what is to be 
gained by committing valuable technical 
resources to the task of building some particu-
lar database. What will we get in exchange for 
this effort? In other words, what important 
question, or questions, will this collection of 
facts allow us to answer? Identifying these 
important questions is the very first step 
toward designing a database that will be useful.

An examination of the typical clinical 
engineering department’s basic mission 
statement reveals that we need answers to at 
least the following three questions:
1. Does the department have all of the 

facility’s medical equipment under 
“appropriate control”?

2. Is the department’s equipment control and 
maintenance program producing a level of 
equipment-related patient safety that is 
within an acceptable range?

3. Is the net cost of the program (the total 
cost less any tangible economic benefits) 
reasonable?
 
The first question is concerned with the 

program’s basic operating processes—what 

can be called the program’s “housekeeping” 
parameters. Is the program meeting the 
quantitative objectives (if any) set out in the 
program’s policy documents? Are all of the 
devices in use properly tagged? Are they 
checked before being used for the first time? 
Are recalls being handled properly? Is the 
preventative maintenance (PM) done accord-
ing to the prescribed schedules? And so on. 
These are the basic process or “housekeep-
ing” questions that are generally examined 
during the traditional accreditation surveys. 

The second question is much more 
fundamental, and while it is clearly impor-
tant to define some kind of clear, easily 
comprehended patient safety metric, it is 
something with which clinical engineers 
have struggled over the years. Surely, though, 
it is a basic question that the patient safety 
officer of every healthcare facility, as well as 
the Centers for Medicare and Medicaid 
Services (CMS) office, has every right to ask. 
It could perhaps be considered the ultimate 
program performance standard. 

The survey work that was done to provide 
initial responses to the questions asked by 
the CMS more than two years ago revealed 
that the amount of PM being performed on 
the different types of medical devices by 
different facilities is quite variable. Some 
facilities do all of their PM “by the manufac-
turer’s book,” while many others do it 
according to so-called “evidence-based 
schedules;” schedules that themselves seem 
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to cover a quite wide range of variation. 
Compounding this apparently random 
diversity is the fact that at this time there are 
no generally accepted minimum PM sched-
ules for devices that can be defined as 
potentially critical; there are no minimum 
requirements as to which potentially-critical 
nondurable parts should be restored during 
PM, nor which potentially critical functions 
should be checked for hidden failures.  

And since we have not yet agreed on a 
minimum acceptable level of equipment-
related patient safety, we simply cannot say 
which of the many PM program variants is 
optimum. Without some agreement on this 
key issue, it is impossible to provide adminis-
tration with an answer to its very important 
basic question: Is the net cost of the facility’s 
clinical engineering program reasonable? 
Just as too many nonproductive diagnostic 
tests push up the cost of defensive medicine, 
we probably will find that most clinical 
engineering programs are doing too much 
nonproductive PM. If we are to develop a 
true evidence-based approach to PM, we 

must have the facts on how the levels of 
reliability and safety of the critical devices are 
changed by different PM procedures and 
different PM schedules.

Possible Solutions
As a first step to breaking this impasse, we 
need to investigate possible solutions to the 
primary issue that is blocking our ability to 
produce a quantitative answer to the patient 
safety question. Are there any reasonably 
practical metrics that could be used to 
provide a measure of the level of equipment-
related patient safety prevailing in a 
particular healthcare facility? 

Ideally, the metric, or metrics, should be 
simple, practical, and easy to comprehend. 
One solution that has been proposed by an 
ad-hoc Maintenance Practices Task Force2 is 
to use the demonstrated reliability (expressed 
as mean time between failures [MTBF]) of 
devices that are considered to be reliability-
critical (i.e. capable of causing a patient 
injury if they simply stop working) and the 
demonstrated reliability (again expressed as 

bB
6the uture

uilding for

Construction and 
Renovation of Sterile 
Processing Facilities

Cynthia Hubbard

In this book, Cynthia Hubbard provides practical approaches 
to the new construction or renovation of sterile processing 
departments (SPD), and includes equipment planning, 
personnel training, and project management tools such as:

u  Data requirements for functional planning
u  Space program summaries for SPD areas
u  Sample calendars
u  Equipment location and material flow outlines
u  Sample equipment listings by SPD functional area

Project managers, sterile processing staff, perioperative 
services, facility managers, and hospital administrators will 
find this book invaluable.

Building for the Future
Construction and Renovation of Sterile Processing Facilities

Order Code: BFTF and BFTF-PDF
List / AAMI member: $205 / $120

SOURCE CODE:  PB

© Copyright AAMI 2014. Single user license only. Copying, networking, and distribution prohibited.



201Biomedical Instrumentation & Technology  May/June 2014

Columns and Departments

MTBF) of devices that are considered to be 
performance/safety-critical (i.e., capable of 
causing a patient injury if they develop a 
certain kind of hidden failure). 

Hidden failures are the shortcomings in 
performance or safety that are discovered 
during the performance and safety testing 
that is a part of many PM procedures. 
Examples of devices that are reliability-critical 
are critical care ventilators, transport ventila-
tors, anesthesia units and intra-aortic balloon 
pumps. Examples of devices that are perfor-
mance/safety critical with potential hidden 
failure modes that could cause a patient 
injury are apnea monitors, defibrillators, 
infant incubators, and neonatal monitors. 

The task force contends that the format of 
these metrics (a simple time period, such as 
three months, one year, or 50 years) is simple 
and easy for lay people 
to comprehend. For 
example, a refrigerator 
that doesn’t need any 
repairs over its 15-year 
lifespan is easily 
understood to be more 
reliable than an old 
automobile that has to 
be repaired every six 
months or so. And if 
the device becomes 
dangerous when it fails, it is easy to under-
stand that this measure of reliability will also 
serve as a reasonable measure of safety. 

With respect to practicability, however, 
there are some statistical issues that make 
these two proposed metrics a little problem-
atic. The statistical complication arises from 
three factors. 

First, because they are designed and 
constructed differently, different manufac-
turer-model versions of a given device type, 
such as defibrillators, can be expected to show 
different levels of reliability. So, each different 
manufacturer-model combination has to be 
analyzed and characterized separately.

 Second, most individual healthcare 
facilities probably will have only a few devices 
that are reliability-critical and not too many 
more that are performance/safety-critical at 
the life-threatening level.

The third factor has to do with the likeli-
hood that devices that are potentially critical 

with respect to their ability to cause a patient 
injury (if they fail completely or if they develop 
a certain type of hidden failure) are likely to be 
designed and constructed to have a high level 
of reliability and a low failure rate. 

The result of these complicating factors is 
that individual facilities may not generate 
enough data to get a good indication of each 
device’s true reliability. To get accurate 
estimates of the reliability of high-reliability 
devices it will usually be necessary to pool 
maintenance statistics for each manufac-
turer-model version of each device from a 
number of institutions. This requirement is 
discussed below.

For example, suppose a facility has only 
three similar (same manufacturer—same 
model) heart-lung units and only three years 
of maintenance history for each unit. Since 

the facility has a total 
of only nine device-
years of experience, it 
is unlikely—if the 
actual MTBF of the 
units is, say, 50 years 
or more— that the 
facility will have experi-
enced even one single 
failure during the 
three-year testing 
period. In this case 

they would have to report their finding with 
respect to the devices’ indicated reliability 
(zero failures over nine device-years) as 
undetermined. If, however, they did experi-
ence one or more failures of one of these 
devices during this relatively short period, 
then the indicated MTBF will probably be 
unacceptably short for a critical device and it 
would be prudent for the facility to consult the 
findings on the reliability of these specific 
types of devices in the national database to see 
whether or not their particular experience was 
indeed typical (and this type of device is, in 
fact, not sufficiently reliable) or if their 
experience was atypical.

Let’s look at how these two proposed 
metrics would be implemented. 

A.  Failure rates of the facility’s reliability-
critical devices (expressed as MBTF).

Using this type of analysis will require the 
facility to identify which devices on their 
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particular, we are soliciting 
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Examples of devices that are 
performance/safety critical 
with potential hidden failure 
modes that could cause a patient 
injury are apnea monitors, 
defibrillators, infant incubators, 
and neonatal monitors.
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inventory they consider to be reliability-critical. 
Since only a relatively small fraction of the 

total number of device failures are preventable 
by conventional clinical engineering activities, 
it will be necessary to create a consistent 
classification method for identifying which of 
these failures were reasonably preventable. 

Then, if X preventable failures were 
documented during the testing for a particular 
manufacturer-model of device over an experi-
ence base of P device-years, then the MTBF 
would be P/X years. Although there is no 
consensus yet on what might be an acceptable 
value for this parameter, a value greater than 
50 years would seem to be reasonable. 

However, as noted above, for many facili-
ties, an experience base of more than 50 
device-years for their relatively small number 
of reliability-critical devices may be rare, so it 
is quite possible that the number of reported 
preventable failures will be zero. In this case, 
as noted above, the facility will have to report 
the reliability as undetermined and, if a 
relatively short MTBF is found, check the 
indicated value for consistency with the 
values documented in the more substantial 
national database. 

B.  Hidden failure rates of the facility’s 
performance/safety-critical devices 
(expressed as MBTF).
Again, as with tallying the number of 

preventable failures of the facility’s reliability-
critical devices, using this type of analysis will 
require the facility to identify which devices on 
their inventory they consider to be perfor-
mance/safety-critical. The count of hidden 
failures discovered during PM testing must be 
confined to hidden failures that could conceiv-
ably cause some kind of patient injury. 

If during the testing, Y hidden failures 
were found over an experience base of Q 
device-years, then the mean time between 
failures (MTBF) would be Q/Y years. Again, 
there is no consensus yet on what might be 
an acceptable value for this parameter, but a 
value greater than 50 years would again seem 
to be reasonable. 

Again, for many facilities, an experience 
base of more than 50 device-years might be 
quite rare, so it is fairly likely that the number 
of reported critical hidden failures will be zero. 
In this case, as noted above, the facility will 

have to report the reliability as undetermined 
and, if a relatively short MTBF is found, check 
the indicated value for consistency with the 
values documented in the more substantial 
national database. 

For a more detailed explanation of the 
terms and concepts mentioned here, we 
recommend that you look at the material in 
HTM ComDocs 1-9 on the Maintenance 
Practices Task Force website.2

Using pooled data from the national 
database to supplement facility-specific data 
in the event of undetermined or atypical 
findings on the failure rates of the facility’s 
critical devices. 

In June 2013, the Maintenance Practices 
Task Force published a post on the AAMIBlog, 
titled “Doing It by the Numbers.” It described 
a suggested approach to reassuring a facility’s 
device users about the level of patient safety 
associated with its equipment and what the 
clinical engineering department is doing to 
ensure that equipment-related patient safety is 
maintained at an acceptable level. While the 
statement itself is a hypothetical example, 
meant only to illustrate the concept, it does 
make reference to “statistics from our national 
database to confirm that each specific make 
and model of the devices that we have classi-
fied as reliability-critical (and performance/ 
safety-critical) is demonstrating an average or 
mean time between failures (MTBF) of at least 
several hundred years.”  

This latter figure of “at least several 
hundred years” is, for the moment, also 
completely hypothetical. We will have to see 
what actual values we find when we analyze 
real-world data. Building just such a national 
database to use in this way is the number one 
goal of the Task Force. n

References
1. TechNation. Up in the Air: The Industry 

Hopes for a Positive Revision of the CMS 

Equipment Maintenance Directive.” Available at 

http://1Technation.com/air-industry-hopes-positive-

revision-cms-equipment-maintenance-directive. 

Posted Jan. 31, 2013. Accessed April 16, 2014.

2. HTM Community. Healthcare Technology 

Management (HTM) Community’s MediaWiki-

powered database website. Available at www.

HTMCommunitydB.org. Updated April 9, 2014. 

Accessed April 16, 2014. SOURCE CODE:  PB

Nearly doubled in size, the book features:
► Information on accreditation organizations and requirements   
► The current National Patient Safety Goals
► Information on CDC’s Guide to Infection Prevention for Outpatient Settings
► CMS worksheets
►  New to this edition: audit tools for immediate-use steam sterilization best 

practices and high-level disinfection best practices

Sterile Processing in Healthcare Facilities also includes information on policies 
and procedures, the creation of audit sheets, root cause analysis, failure modes 
and effects analysis, tracer methodology, and much more.

Authored by Rose Seavey RN, MBA, BS, CNOR, CRCST, CSPDT.

Order Code: SPHC2 or SPHC2-PDF 
List $205 / AAMI member $120

Order your Copy Today!
Call +1-877-249-8226 or  
visit http://my.aami.org/store

Sterile Processing In  
Healthcare Facilities:  
Preparing for  
Accreditation Surveys, 
2nd Edition 

Sterile Processing In  
Healthcare Facilities: 
Preparing for  
Accreditation Surveys

Rose Seavey

2nd Edition

Now in its second edition, this popular resource 
is filled with valuable tools for preparing 
for accreditation surveys and maintaining 
compliance with accreditation requirements.  

© Copyright AAMI 2014. Single user license only. Copying, networking, and distribution prohibited.



SOURCE CODE:  PB

Nearly doubled in size, the book features:
► Information on accreditation organizations and requirements   
► The current National Patient Safety Goals
► Information on CDC’s Guide to Infection Prevention for Outpatient Settings
► CMS worksheets
►  New to this edition: audit tools for immediate-use steam sterilization best 

practices and high-level disinfection best practices

Sterile Processing in Healthcare Facilities also includes information on policies 
and procedures, the creation of audit sheets, root cause analysis, failure modes 
and effects analysis, tracer methodology, and much more.

Authored by Rose Seavey RN, MBA, BS, CNOR, CRCST, CSPDT.

Order Code: SPHC2 or SPHC2-PDF 
List $205 / AAMI member $120

Order your Copy Today!
Call +1-877-249-8226 or  
visit http://my.aami.org/store

Sterile Processing In  
Healthcare Facilities:  
Preparing for  
Accreditation Surveys, 
2nd Edition 

Sterile Processing In  
Healthcare Facilities: 
Preparing for  
Accreditation Surveys

Rose Seavey

2nd Edition

Now in its second edition, this popular resource 
is filled with valuable tools for preparing 
for accreditation surveys and maintaining 
compliance with accreditation requirements.  

© Copyright AAMI 2014. Single user license only. Copying, networking, and distribution prohibited.


