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pat i ent  saf et y.

Maki ng I nf or med 
Deci si ons When 
Test i ng Medi cal  
Equi pment



The ‘Equivalent’ Message

• Original equipment manufacturers (OEMs) 
recommend test tools, which needs to be 
understood

• Clinical/biomedical engineers are metrologists

• Understanding specification is key to choosing 
the correct test tool

• Engineers should be aware of the underlying ‘or 
equivalent’ message



The ‘Equivalent’ Message

• There should be a freedom of choice 

• To determine the requirements of the 
equipment under test to decide what the 
best options are:
• Evaluate
• Look at the alternatives
• Trial demo equipment
• Realise user preferences

• That is the fun part of the job!



Maintenance

• Obj ect i ve -  I nhi bi t  medi cal  devi ce 
f ai l ur es or  i naccur aci es f r om 
occur r i ng

• Essent i al l y  Ri sk Management  

• Si mpl est  sol ut i on?  PM schedul es based 
st r i ct l y  on OEM r ecommendat i ons:
• Speci f i c  t est i ng st eps and 

i nt er val s
• Recommended t est  t ool s 

• Ref er ences t o speci f i c  devi ces ar e 
i r r el evant  i f  t he same measur ement  
char act er i st i cs exi st

• Al t er at i ons t o PM pr ocedur es 
i nt er val s and st eps al so possi bl e – 
Wi t h pr oof  of  no pat i ent  har m



PM Alternatives?

• Must be documented evidence for an 
alternative equipment maintenance (AEM) 
schedule

•  

• If patient care is not adversely affected, 
then a department can implement own 
methods and frequencies of testing

• Depends on local legislation, but it is the 
norm in some countries



Development of AEM

• What  needs t o be consi der ed
• The HAZARD and RI SK
• The cl i ni cal  need
• The cost
• The r esour ce

• A t hor oughl y  pl anned management  syst em shoul d be i mpl ement ed 
f or  ef f i c i ency  

• Devel opi ng an AEM 
• Bet t er  use of  st af f  t i me
• Rel i abl e dat a
• Mi t i gat i ng r i sk
• Qual i t y  assur ance



Real  Wor l d Exampl es



Defibrillators



Ventilators



Patient Monitors

Hi -Pot  Test  
Tool s?



Electrosurgical Generators 



Ri sk & Qual i t y 
Management  i n 
Heal t hcar e



Quality Management

• Quality management systems (QMS) are based on documented:
• Policies
• Processes
• Procedures

• Purpose to make overall patient care better

• I SO 1 3485 – For  desi gn,  devel opment ,  i nst al l at i on,  
and ser vi ci ng of  medi cal  devi ces -Sui t abl e HTM 
depar t ment s?  

• I SO 9001  f or ms a sol i d f r amewor k f or  any  
or gani sat i on,  but  i t s benef i c i al  t o i ncl ude 
el ement s f r om I SO 1 3485,  t o have aspect s mor e 
speci f i c  t o medi cal  devi ces

“ I S O 9001 i s  i mpl e me nt e d 
by  ov e r  one  mi l l i on 
c ompani e s  and 
or gani z ati ons  i n  ov e r
170 c ount r i e s " .  ( I SO,  
201 7)



Risk Management

• ISO 14971 is a risk management standard for 
medical devices – widely used

• Emphasises how to reduce risk of medical 
devices during design and manufacture

• I n a HTM depar t ment ,  pol i c i es and 
pr ocedur es must  be devel oped t o 
measur e,  mai nt ai n and r educe r i sk 

• A “ r i sk-based-t hi nki ng”  QMS uses 
cont i nual  r i sk anal ysi s 

• Done r i ght  can maxi mi se upt i me 
whi l st  mi ni mi si ng r i sk

Identify

Analyse

EvaluateTreat

Monitor 
and 

Review Ri sk 
Management



Performance and Safety Standards Example

• Does t he devi ce meet  t he I EC 60601 - 1  
and I EC 60601 -2 per f or mance and saf et y  
st andar ds?

• For  exampl e,  t he out put  ener gy  
accur acy  of  a def i br i l l at or  ( I EC 
60601 -2-4)
• “ T he  de l i v e r e d e ne r gy  f r om a de fi br i l l at or  

i nt o a r ange  of  i mpe danc e s  mus t  not  v ar y  by  
mor e  t han +/ - 3J  or  +/ - 15 %,  whi c he v e r  i s  
gr e at e r ,  at  any  e ne r gy  l e v e l ”

• The manuf act ur er  must  desi gn a pr oduct  
wi t h a speci f i cat i on wi t h t hi s 
r equi r ement  i n mi nd

• Thi s appl i es t o al l  st eps and a devi ce 
must  be ver i f i ed at  t hi s st ep usi ng 
t est  and measur ement



Maintenance Testing

• Standards DO NOT define specialist test equipment

• Dedicated analysers are ideal as they cover all the 
recommended tests

• This does not necessarily have to be the test tool 
recommended by the OEM, but it does have to test to 
the same parameters 

• This is applicable when testing all medical devices in 
a HTM department. Any test tools would be 
satisfactory, and it’s ultimately a freedom of choice, if 
the risks are understood



The I mpor t ance of  
Test i ng and Mai nt enance



Is the Medical Device Accurate and Safe? 

• There are multiple factors that could affect the safety 
or accuracy of a device in healthcare
• Wear and tear in high stress environments
• Quality of the products
• Manufacturing defects

• This is in addition to usual calibration drift

• Regular checks and tests recommended by the OEM 
ensure that the safety, accuracy, and precision are 
maintained throughout the product lifecycle to 
acceptable standards - protecting the patient!



Testing and Performance Verification

• These regular checks can be broken down into 
three main categories: 
• Scheduled maintenance
• Performance verification
• Safety testing

• This is where the importance of choosing the 
right biomedical test equipment becomes evident

• Both safety testing and performance verification 
can be streamlined using the right tools



How t o Devel opment  an
Al t er nat i ve Mai nt enance
Pr ocedur e



Preventative Maintenance 

• Many departments perform maintenance 
based on OEM recommendations - base their 
procedures and even test tool purchases on 
them

• It is the simplest maintenance schedule to 
execute

• Based purely on manufacturer service 
processes – schedule-based

• The alternative is to develop a risk or 
evidence-based maintenance schedule

Pr oduct  l i f ecycl e f or  
el ect r i cal  saf et y  



Alternative Equipment Maintenance (AEM) 

• Scheduled-based maintenance is expensive and uses excessive employee 
resource - scarce in most clinical engineering departments

• Benefits of alternative maintenance
• I ncr ease depar t ment al  ef f i c i enci es 
• St r eaml i ne PM schedul es
• Const ant l y  r evi ews t he r esul t s and r i sks

• Di sadvant ages alternative maintenance
• Initial resource and expertise
• Responsibility and detailed documentation
• Thor ough pl anni ng and execut i on r equi r ed



Developing an AEM

• Only emit scheduled maintenance tasks for 
lower risk medical equipment 

• PM intervals are specified corresponding 
to a risk level of critical devices

• Tasks can only be emitted without 
impacting safe and reliable performance

• Must continue to assess the risk of the 
schedule and provide data that it has 
assessed the maintenance track record



Asset Management and Test Tools
• CMMS track medical device history, which 

helps to identify and mitigate risk

• Medical device tests results help to 
optimise maintenance intervals

• Accurate and repeatable measurements 
ensures that the data is true

• Automatic test results mean that data is 
stored properly, and tests trends can be 
monitored over time



Test i ng,  Measur ement  
and Met r ol ogy 



Measurement Standards

• The measurement value of a device under test 
(DUT) is compared with those of a calibration 
standard of known accuracy

• A standard could be a measurement or source 
device

• A test accuracy ratio (TAR) of 4:1, or even 1:1, is 
considered acceptable if the risk is understood

• For example: The accuracy of the delivered 
defibrillator energy compared to the measured 
accuracy of the tester or ‘known standard’ (the 
Rigel UniPulse 400)
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Specsmanship

• Specifications or measurement results of 
one tester might be over-specified to 
establish an irrelevant advantage of one 
device over another, a practise sometimes 
referred to as specsmanship 

• An acceptable test accuracy ratio is the 
factor to consider when purchasing a test 
tool

• It’s important to not become absorbed in 
comparing like-for-like test equipment 
specifications



The Bi omed’ s 
Choi ce



Alternative Test Tools

• A recommended biomedical test device may be in 
a service manual or PM

• Any device with the same technological 
characteristics can be implemented

• With the right approach, a better choice will be 
made by customising a purchase to your 
organisation

• Hospitals will be able to provide better evidence 
with accurate data when evaluating and testing 
their alternative equipment maintenance system



The Biomed’s Choice

• The demand for biomedical test equipment is widely understood, but how does a 
department decide on their purchase?

• Accuracy, precision, and function need to understood 

• Needless to over-specify the ranges, limits, or functions…
• Parameters need to be appropriate for the application

• Purchase descriptions or tenders may be over-specified due to a particular test 
tool being recommended in a service manual or PM

• This does not necessarily correlate with the specifications of the medical device

• Alternative like-for-like biomedical test devices can be employed instead of 
recommended ones – AEMs and service manuals are proof of that



The Biomed’s Choice

• An assessment by the department 
ensures that measurement methods are 
equal to the alternative within 
maintenance steps

• Choice is ultimately down to user 
preference and what is fit for purpose

• A department can decide as they would 
with any product

• Budget, portability, simplicity, the level of 
after-sales support, or even a particular 
service a manufacturer offers



Passi onat e about  pat i ent  
saf et y.


