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The third edition of IEC 60601-1 now includes 
essential performance, signifying that along 
side traditional areas of "safety" such as fire 
and electric shock, the ability of a medical 
device to achieve its intended purpose is also 
an important aspect of safety.  
 
But a study of what is and is not “essential” 
reveals some fundamental flaws about the way 
in which standards and regulations for medical 
devices are developed, and ultimately why 
manufacturers often end up giving only 
surface level attention to many important 
requirements.  
 
Authors and proponents of new requirements 
often cite case studies and hypothetical 
situations which would be addressed by the 
requirement. The construct and phrasing of the 
requirement is carefully considered to make 
sure these case studies are included.  
 
But the authors are so often focused on what 
should be included in a requirement that they 
forget to explore what should be excluded. 
 
And herein lies a big trap for grand, broad 
requirements like “essential performance”. 
The lack of any clear boundary or limit to a 
requirement forces manufacturers to adopt a 
simplistic approach to avoid overload. 
Ironically, this simplistic approach often 
means the very areas which the requirement 
was intended to address get overlooked.  
 
It appears the intention of IEC 60601-1:2005 
is to use risk to identify significant or critical 
aspects of performance that warrant closer 
attention. But it turns out on an exclusion 
analysis that we need more than just a simple 
reference ISO 14971 to make this work.   
 
To understand the issue, it is first necessary to 
know what is performance. Regulations in 
Europe, Canada, Japan and Australia all make 
specific references to performance, which is 
paraphrased as follows:  
 
Medical devices shall provide the performance 
necessary to achieve the intended medical 

purpose under the conditions and stresses of 
normal use.  
 
The use of the term “performance” in medical 
device regulation not only includes prominent 
specifications like the accuracy of 
measurements or controls, but it also many 
mundane aspects such as the brightness of a 
display or how easily an accessory slides down 
the channel of an endoscope.  
 
In other words, the scope of performance in 
regulation covers just about every function or 
feature of the device.  
 
Is it possible then, to use risk to extract critical 
performance that is worth extra attention?  
 
To explore the issue, a simple home use 
electronic thermometer was evaluated find 
which functions and features could be 
considered essential. A selection of 10 features 
ranging from those which are obviously 
essential such as measurement accuracy 
through those which are obviously not 
essential, such as the on/off switch.  
 
An initial evaluation was made as to which 
items were considered “essential”, based on 
first impressions:  3 items were considered 
essential, 4 borderline and 3 considered non- 
essential.  
 

Parameter Specification  EP 
Temperature accuracy 
(bench test, water bath) 

±0.1°C 
25-45°C 

Y 

Response time  
(bench test, water bath) 

40s Y 

Predictive function (based 
on clinical tests) 

±0.2°C  Y 

Low battery indication  1.1V ?? 
Self test function  
(analogue circuit) 

±0.1°C ?? 

Display self test  
(show all segments) 

Display all 
segments at start 

?? 

Waterproof 
 

Immerse 15cm 
for 1 min 

?? 

Start (on/off) button 1000 times use N 
Battery life 3 years N 
End of reading  Beep 3 times N 

 
The exercise then tried to look closer at the 
four borderline items to try to find some 
criteria, based on risk, by which they could be 
included or excluded.  
 
It turned out to be quite difficult. Any rational 
proposed was eventually found to have flaws. 
Interestingly, in the process of trying to 



exclude those items, it became clear that even 
the “obviously non-essential” functions could 
not be excluded. 
 
The final conclusion was that even the on/off 
switch was essential. In one sense, this is fairly 
obvious: the switch is absolutely essential to 
achieving the intended purpose of the device. 
If the switch does not work, the patient’s 
temperature cannot be taken and clinical 
decisions (e.g. whether or not to go to the 
doctor) cannot be made in a timely manner, 
placing the patient at some risk.  
 
Our intuition still tells us that the switch is not 
that critical. But the final analysis indicates 
there is a hidden assumption that the failure 
rate of the switch is low. This assumption is 
reasonable considering that switches are 
mature technology.  
 
Such hidden assumptions are common when 
we try to exclude something from assessment. 
Many justifications are illogical on face value, 
but reasonable taking unstated parameter 
which may take some time to uncover.  
 
An interesting example of hidden assumptions 
is the definition of essential performance in 
IEC 60601-2-37 (diagnostic ultrasounds). For 
EMC immunity testing this standard indicates 
that artifacts on the display caused by 
electromagnetic noise are acceptable as long 
as the physician can clearly distinguish it from 
a normal image. In other words, the standard is 
concerned about the risk of misdiagnosis.  
 
But, if the EMC tests are intended to represent 
the “normal environment” it means that such 
noise could appear on every ultrasound, which 
is unreasonable because it would prevent 
normal diagnosis. Acceptability of noise on 
the display only makes sense if such noise is a 
rare case.  
 
The trick is that the so called “normal 
environment” in EMC immunity tests is not 
normal at all. The probability of such noise at 
any individual location is extremely low1. The 

                                                        
1
 This hidden assumption is the reason for much of 

the confusion associated in the use of “essential 

performance” in EMC testing. Any solution would 

need a better study of the probabilities that 

certain types of noise exist in real environments.   

additional probability factor makes the criteria 
in IEC 60601-2-37 reasonable.  
 
Currently, the definition in IEC 60601-1 for 
essential performance does not allow us to 
exclude functions or features based on the 
probability of failure. So, in practice while an 
on/off switch is certainly not critical in the 
context of safety, it is still essential.  
 
For those that still feel that a simple on/off 
switch can be excluded based on risk, there are 
a couple of key misconceptions that are easy 
to make.  
 
First, it might be tempting to say a switch is 
not essential in one thermometer because you 
can easily go out and get another one. But that 
assumes the switch in the second thermometer 
is working, which in turn implies a low failure 
rate, and hence bases the exclusion on failure 
rates, not criticality. This assumption also 
ignores the impact of delays while another 
thermometer (or in general, another medical 
device) is obtained.   
 
Secondly, it might be tempting to assume that 
as long as no direct harm is done (such as 
physical injury), there is no risk. But again, 
there is a hidden assumption of a low rate of 
occurrence behind this common presumption.  
 
Any medical device must have an intended 
purpose which provides benefit. Failure to 
provide that benefit is a significant risk that 
cannot be ignored. This benefit varies greatly 
from device to device, but in all cases it should 
be orders of magnitude above acceptable level 
of risk. 
 
It is frequently assumed that if a low risk 
device fails to perform no harm is done. It 
worth to look at the raw numbers to make 
clear this is far from true. An acceptable 
probability for the risk of death from a 
thermometer is expected to be in the order of 
10-8 per use (10-6 per lifetime).  
 
Failure of the thermometer to work also 
exposes the patient to some risk of death, due 
to a failure to seek timely professional help in 
the case of a serious fever. The probability 
may be extremely small (say 10-3 to 10-5 per 
use) but it is still at least 1000 times higher 



than the same probability used for the level of 
acceptable risk. 
 
This high ratio between clinical benefit and the 
level of acceptable risk is normal although 
often misunderstood. We often refer to 
“balancing risk and benefit” but this is a 
misnomer: it makes no sense to have risks at 
similar levels to the benefits. Rather, want to 
ensure that the benefits outweigh the risks, 
typically by factors of 1000 or more.   
 
Since performance is directly tied to clinical 
benefit, with this ratio in mind it should be 
clear that any failure to perform should be an 
unacceptable risk, if the probability of failure 
is ignored2.  
 
What this analysis indicates is that the normal 
ISO 14971 level of acceptable risk is not a 
useful threshold in deciding what is critical 
performance. Rather, we need a raised 
threshold, for example, those functions or 
features the failure of which may directly 
cause serious injury or harm.   
 
So where does this lead us for essential 
performance? 
 
Before we answer that question, we need to 
take a step back and look at performance in 
more detail, and some of the stark differences 
to basic safety.  
 
Basic safety, covering hazards incidental to the 
main function of the device, often relies on 
discrete components or features such as a fuse, 
optocoupler or flammability rating. These 
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 This conclusion may be of alarm in the context of 

product liability. However, arguments against this 

are likely to be based on potential damage 

excessive product liability can cause, rather than 

analysis itself. In one sense, excessive liability 

introduces other risks such as increasing the cost 

of the device and reducing innovation. A better 

model of risk management would take into 

account these broader effects. Such a model 

would still likely find that minimum of level of 

performance is reasonable. For example, failure to 

operate at a rate of 10% per use is clearly 

unreasonable and the manufacturer should be 

held liable. A failure rate of 0.1% per use is 

arguably reasonable and a manufacturer should be 

exempt from liability due to failure to perform.  

features can be easily extracted for listing and 
analysis.  
 
Performance is a far more complex and 
permeates through the whole device, covering 
such issues as brightness of a display or 
whether a connector smoothly mates with its 
partner. It cannot be so easily extracted into a 
simple list.  
 
Also, performance must be considered 
together with stress tests that represent normal 
use and environment over the lifetime of the 
device, for example, screen brightness in cold 
conditions, bright environments or after 
several years of use. So far in the IEC series, 
the consideration of performance during or 
after stress tests is almost non-existent3, a 
major oversight for a standard that claims to 
cover essential performance. There are notable 
exceptions of EMC and defibrillator proof 
testing, but in IEC 60601-1 essential 
performance should also have been considered 
after IP tests, humidity, cleaning and 
disinfection tests and even during the normal 
temperature test.  
 
This complexity suggests that rather than a 
simple list, full design specifications are 
needed, and for higher risk devices, a formal 
design control system. 
 
Fortunately regulation already covers this 
under ISO 13485. While the lowest risk 
devices do not require an ISO 13485 system, 
few electrical devices fall into to this class and 
the standard is almost universally applied.   
 
Even with a design control approach, 
performance testing could potentially be 
unlimited because of the complexity of 
modern devices. How do manufacturers cope? 
Because much of performance relies on 
mature technology, manufacturers rarely test 
every aspect of performance (such as for 
example, compatibility of connectors). Rather, 
they rely heavily on parts suppliers, 
specifications sheets, engineering judgment, 
design calculations, past experience and even 

                                                        
3
 ISO standards tend to be far better for this point, 

for example ISO 9919 for pulse oximetry and ISO 

12470 for thermometers contain a range of 

environmental tests as part of performance 

evaluation. 



to a large extent simple overkill. Testing is 
usually limited to the high profile performance 
(such as overall accuracy), or known weak 
points in the overall system.  
  
This complexity and flexibility needed for 
performance does not fit well into product 
safety standards. It would be wise for IEC 
60601 series to leave performance alone in 
general. However, there may still be a couple 
of reasons why it is worth for product 
standards to include some aspects of 
performance.  
 
The first of these is for devices with stable 
technology where it is possible to establish 
specific, objective performance tests. 
 
For these tests, it should be clear that 
establishment of product (particular) standards 
is simply due to the stability in the technology, 
and not intrinsically because they are essential 
or critical. Particular standards should be 
careful to identify this reason (stability in 
technology) and explain that compliance with 
the standard does not absolve the manufacturer 
from verifying other performance claims.  
  
Secondly, a general standard may try to cover 
aspects of performance the failure of which 
could result in direct hazards4 of similar 
severity to those covered by basic safety (fire, 
shock, mechanical injury and the like).  
 
As concluded above, this would require a 
different threshold than the ISO 14971 general 
level of acceptable risk.  
 
The use of higher thresholds in risk to extract 
critical functions is not new. The FDA’s 
guidance on software, and the software 
standard IEC 62304 both use this approach to 

                                                        
4
 The use of the term “direct” implies a higher 

probability as well as severity. Even low risk 

(diagnostic) devices can sometimes have high 

severity outcomes, but the probability is usually 

low. Ideally, “critical” performance requiring 

special controls should be derived from special risk 

thresholds based on both severity and probability. 

But it is likely that the IEC would shy away from 

clearly defining such thresholds, for fear that these 

would be interpreted (incorrectly) as acceptable 

risk.  The use of “direct serious injury or death” is 

open to interpretation but avoids this problem.  

define different levels of documentation that 
must be maintained depending on the severity 
associated with the failure of that function.  
 
It would make sense if such an approach were 
adopted by the IEC 60601 series to identify 
essential performance.  It may even be best to 
change the term to “critical performance” 
since the word “essential” really does not 
capture the essence of what the standard is 
addressing. Is a switch essential? Yes. Without 
it, the device cannot work. Is the switch 
critical in the context of direct hazards? No. 
 
If we were to change the IEC 60601-1 
requirement to listing “critical performance”, 
defined as performance the failure of which 
can result directly in death or serious injury, 
suddenly the requirement becomes reasonable, 
practical with a greater potential for consistent 
application. 
 
One remaining source of confusion is that both 
types of performance (that from stable 
technology and that being critical) are covered 
in the same series under the same term. It is 
likely this dual purpose of the term “essential 
performance” is one source of existing 
confusion. While overlap exists, care must be 
taken to avoid mixing both types. The 
existence of performance tests in particular 
standards should not be used to infer that such 
performance is “critical” according to the 
above definition. Thus, titles and terminology 
in the series may need some review.  
 
It is worth to remember that all of these 
conclusions came out of attempts to test the 
boundary of a new requirement. It is 
interesting to note that the rational of IEC 
60601-1 and literature on essential 
performance provides many examples of what 
is essential performance, but good examples of 
what is not “essential” were hard to find.  
 
This suggests that in general a new approach is 
required to establishing broad technical 
requirements in standards based on “testing” 
the requirement to make sure that it achieves 
the objective, can be interpreted consistently, 
is practical and does not waste resources. 
 
It is, after all, the same kind of testing and 
validation that we expect from manufacturers 
of medical devices.   


