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1. Introduction 

 

1.1. Background  

The Medical Device Regulation (MDR) 2017/745 [1] is quite a complex regulation with a set of General 
Safety and Performance Requirements (GSPR) that manufacturers of medical devices must fulfil. The 
a5wΩǎ !ƴƴŜȄ L ǎŜǘǎ ƻǳǘ 9a/-related GSPR within Articles 14.2(b), 18.5, 18.6, and 23.4(s). The whole 
reasoning and argumentation on why a medical device is deemed to comply with those GSPR must be 
ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ¢ŜŎƘƴƛŎŀƭ 5ƻŎǳƳŜƴǘŀǘƛƻƴ ό¢5ύΦ ¢ƘŜ a5wΩs Annexes II and III describe several essential 
points to be considered for the TD: 

1. The TD should argue how a medical device meets all regulatory requirements and how the medical 
device is kept safe and effective in the presence of electromagnetic disturbances (EMD). 

2. The TD should document, amongst others, the intended use, the electromagnetic environment, the 

GSPR, how EMC risks are managed, the risk-benefit analysis, the EMC verification and validation, 

and the post-market surveillance inputs. 

3. All evidence within the TD should allow for a critical evaluation and review by a notified body and 

regulators.  

One more critical consideration for the ¢5 ƛǎ ǎǘŀǘŜŘ ŀǘ ǘƘŜ ǎǘŀǊǘ ƻŦ !ƴƴŜȄ LL ƻŦ a5wΥ άThe TD and its 
summary should be clear, well-structured, without any ambiguity, and easy to trace.έ   

Despite this explicit MDR requirement, the TD is often text-based and, therefore, in practice loses the 
intention behind this requirement. The diverse stakeholders of the TD need help to clearly see the 
claims, arguments, and pieces of evidence and how they connect. In a text-based TD, it is hard to trace 
evidence against the original claims and get to the desired documents and cross-references. This makes 
the TD difficult to interpret and follow. These limitations lead to significant challenges [2]: 

1. The medical device approval process for EMC is less efficient:  

¶ Reviewing long texts takes time. 

¶ Poor communication due to unstructured reasoning.  

¶ Iterative reviews increase costs and time to market. 

 

2. The medical device might suffer from unintended electromagnetic interference in practice: 

¶ Specific warnings, precautions, or measures to cope with EMC are overlooked or are missing in 

the TD. 

¶ The medical device is used in a harsh EM environment for which it was not intended and for 

which the argumentation in the TD does not apply. 

 

It is necessary to develop a more suitable approach to efficiently fulfil the TD requirements of the MDR 
by overcoming the above drawbacks of a text-based approach. Leveraging on the latest developments 
in safety engineering, a TD based on the Goal Structuring Notation (GSN) [3] could be a better approach 
by summarising all claims, arguments and pieces of evidence in a structured, explicit, and easy-to-
understand graphical format.  

In the domain of EMC, GSN was used for the first time to develop an EMC assurance case to show 
compliance with the EMC 5ƛǊŜŎǘƛǾŜΩǎ ŜǎǎŜƴǘƛŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ώпϐ. Later, [5] widened the use of GSN 
towards EMI risk management. In the medical domain, [6] highlights the need for a GSN-based approach 
to argue for the safety of a medical device. A systematic approach to documenting the reasoning behind 
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the safety assurance of a medical device is provided in AAMI TIR [7]. In [8], it is explained how a safety 
assurance case can be used for effective risk management of a medical device.  

Finally, the GSN guidance document [9] describes how a complete assurance argument merges the 
three aspects, namely risk, confidence, and compliance. However, how to use this approach, specifically 
for managing the risks related to EMD, has yet to be investigated. This deliverable presents a compliance 
case pattern using unified EMC assurance case structure, comprising risk, confidence, and compliance 
sub-cases, to certify that a medical device is safe and effective despite being subjected to EMD.  

The remainder of this deliverable is structured as follows: Section 2 explains the concept of GSN, EMC 
assurance cases, and the risk-confidence-compliance approach to argumentation. Sections 3, 4, 5, 6 and 
7 present standardized EMC assurance case patterns for the certification of medical devices. 
Conclusions are drawn in Section 8. In the end, Appendix A provides important terminologies used in 
this deliverable. Appendix B provides the supplementary information such as medical device standards, 
a risk-confidence-compliance framework for argumentation, the structure of the risk pattern, and the 
confidence pattern. Appendix C provides compliance patterns for the certification of equipment under 
the scope of the EMC Directive 2014/30/EU, and compliance assurance cases for the certification of 
power drive compressor systems (which is a non-medical device) are developed referring to these 
patterns. 

 

 

1.2. Justification behind the inconsistency between the deliverable title and 
actual content 

 

There is inconsistency between the content within this deliverable and its title. The deliverable title is 
ά{ǘŀƴŘŀǊŘƛȊŜŘ EMC Assurance Case Patterns for the Certification of Medical Equipment such as MRI or 
On-board Sensing Platform" 

In accordance with the grant agreement (Tables 4 and 20), this title is expected to be related to the use 
cases planned during the first and second secondments at PMS (Netherlands) and PMC (Netherlands), 
respectively. However, the title mentions the use case of "on-board sensing platform," which is no 
longer applicable since the second secondment was erroneously indicated as IDNEO in the proposal but 
was correctly amended to PMC (The Netherlands) in the actual grant agreement. Furthermore, the 
second secondment has not yet taken place and is planned at PMC for the use case of a Cold-Plasma 
healing device. Instead, this deliverable discusses the standardized assurance case patterns for the 
ŎŜǊǘƛŦƛŎŀǘƛƻƴ ƻŦ ƳŜŘƛŎŀƭ ŜǉǳƛǇƳŜƴǘΩǎ, which resulted based on 9{wмпΩǎ first secondment at PMS (The 
Netherlands) related to medical imaging systems.  

This deliverable does not explicitly address assurance cases for on-board sensing platforms or cold-
plasma healing devices.  

However, it is worth noting that the standardized assurance case patterns for the certification of 
medical equipment discussed in Sections 2 to 7 are developed in a generic manner. Therefore, these 
patterns can be applied to a wide range of medical equipment with minor modifications. This 
adaptability is the primary advantage and essence of the standardized assurance case patterns for the 
certification of medical equipment. 
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2. Concept of the goal-based EMC assurance case 

 

This section discusses the concept of GSN and EMC assurance cases and how these help to overcome 
the drawbacks of the text-based approach.  

 

2.1. Goal Structuring Notation 

GSN is a standardised graphical argumentation notation that combines claims, arguments, and evidence 
in well-structured assurance cases. Fig. 1 describes how the essential GSN elements [3] structure an 
assurance case through six core elements and two relationships.  

 

Figure 1. Goal Structuring Notation (GSN): Core Elements and Relationships. 

The six core elements are: 

1. A Goal (G) presents the main claim or sub-claim of the argument. 

2. A Strategy (S) presents the inference between a goal and its supporting goal(s).  

3. A Context (C) shows the contextual information needed for scope boundary and clarification. 

4. Assumptions (A) represent any elements believed to be true without being formally proven.  

5. A Justification (J) presents a statement of rationale to clarify why or how the underlying solution 
provides evidence for the validity of the claim implied by the goal.  

6. A Solution (Sn) references a piece of evidence supporting the argument.  

Furthermore, GSN defines two types of relationships:  

1. SupportedBy relationship links goals, strategies, and solutions.  

2. InContextOf relationship links additional information within context, justification, and 
assumption.  
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2.2. EMC assurance case 

The concept of the EMC assurance case was developed from the concept of a safety assurance case in 
[4]:  

 

"A structured argument, supported by a body of evidence that provides a compelling, comprehensible 
and valid case that an equipment exhibits a level of EMC that is acceptable for a given application in a 

given operating environment." 

 

Using the concept of an EMC assurance case for the TD of a medical device has several benefits [7]:  
1. An easy-to-follow structure allowing for an extensive EMC assessment with little guidance 

needed. 

2. Due to the explicit arguments, direct attention can be given to specific evidence supporting 

the various claims. 

3. The scope of each claim is easily identifiable with relevant context, assumptions, and 

justification.  

4. The manufacturer can focus more on the critical EMI artefacts during development.  

5. Any design change affects only specific evidence, and/or justification, and/or assumptions, 

which makes re-approval easy by reviewing only a particular portion of the case. 

6. Developing assurance cases in parallel with the design phase promises design confidence 

and quality.  

 

2.3. Basic safety, Essential performance, and Intended use 

The main objective of IEC 60601-1-2 is that [10]:  

άMedical devices should provide their basic safety and essential performance without interfering with 
other devices in the EM environment as per their intended useέ 

The terms used are defined as follows: 

1. Basic safety is freedom from unacceptable risk. 

2. Essential performance is the performance of clinical functions whose loss or degradation results in 

unacceptable risks. 

3. Intended use is the actual medical purpose of the device as specified by the manufacturer. It should 

not be affected by risks due to EMD. 

2.4. Risk-Confidence-Compliance Argumentation Approach 

The technical documentation should present reasoning for why the medical device (MD) is Safe and 
Effective (S&E) in the presence of EMD. To show S&E MD, gathering all objective evidence with 
underlying arguments for how regulatory aspects such as basic safety, essential performance, and 
intended use in the presence of EMD are maintained is essential. Further compelling evidence should 
prove regulatory aspects are fulfilled; otherwise, this could lead to unacceptable risks by affecting the 
safety of medical device users. To consider these argumentation aspects with due diligence, the risk-
confidence-compliance approach contributes to a solution, as shown in Figs. 2 and 3.  
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This approach is efficient because, by focusing on EMC compliance testing evidence, an in-depth EMC 
risk-based assessment procedure together with increasing design confidence or EM resilience proves 
a more thorough way of arguing for a safe and effective medical device. This approach in itself clarifies 
lot of complex arguments related to different artifacts such as ΨǎŀŦŜǘȅΩΣ ΨǇŜǊŦƻǊƳŀƴŎŜΩΣ Ψ9a/ΩΣ ΨǊƛǎƪΩΣ 
ΨŎƻƴŦƛŘŜƴŎŜΩΣ ΨǊŜǎƛƭƛŜƴŎŜΩ ŀƴŘ ΨŎƻƳǇƭƛŀƴŎŜΩΦ Eventually, using this approach, it will be easier to integrate 
and clarify all of these complex aspects, and separate relevant concerns as and when necessary into 
the overall safety assurance case with regard to EMD.  

 

 

Figure 2. Risk-confidence-compliance approach to argumentation. 

 

 

 

 

 

Figure 3. Main arguments of risk-confidence-compliance approach. 
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Table I gives an overview of sǘŀƴŘŀǊŘǎ ǘƘŀǘ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ƛƴ ŀ ƳŜŘƛŎŀƭ ŘŜǾƛŎŜΩǎ ¢5 ŀƴŘ Ƙƻǿ 
they contribute to the argumentation on how risks with regards to EMD are managed. Table I 
individually lists applicable standards that cover the risk-confidence-compliance arguments separately. 
However, few standards address two or more arguments together. This property of different but 
interrelated (overlapping) arguments is shown in Fig. 4.  

TABLE I.  EMC ARGUMENTS WITHIN APPLICABLE STANDARDS 

Assurance of safe and effective medical devices in the presence of EMD 

 

Applicable standard/guidance 
EMC argument 

 

Case 

 

ISO 14971 

(Risk Management Process) 

 

 

Argues how risks 
are managed and 
controlled due to 

EMD 

Risk case 
IEC 60601-1-2 

(Risk Analysis Rationale) 

IEEE P1848, IET Guide 2008, 

IEC 61000-1-2:2016 

(Risk Control Guidance) 

IEEE P1848 

(Guidance on Techniques and 

Measures) 

Argues how 
design confidence 

is increased for 

EM resilience 

Confidence 
(EM Resilience) 

case 

 

IEC 60601-1-2 

(EMC for safety) 

Argues how 
compliance is 
claimed with 

regulation and 
standards 

Compliance 

case 

 
TR IEC 60601-4-2 

(EMC for performance) 

        TR ï technical report 

 

 

Figure 4. Inter-relationship of risk-confidence-compliance approach. 

 

The concrete content of these three sub-cases and how they fit together is discussed in detail in the 
next section.  
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3. Unified EMC assurance case pattern: TOP GOAL argument 

The top-level pattern for the unified EMC assurance case to demonstrate safe and effective medical 
devices is shown in Fig. 5. 

 
Figure 5. Regulatory strategy of the unified EMC assurance case. 



WP4 D4.2. version Final 
[Public]   ETERNITY 

Page 16 
 

   

¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ 9¦ Framework Programme for Research and Innovation 
Horizon 2020  under Grant Agreement No. 955.816. 

 

Regardless of the different worldwide regulatory requirements, various regulations have a generic 
requirement of having Ψsafe and effective medical devices throughout their lifecycle for their intended 
use and in their operating environmentΩ. TOP GOAL argues for this generic requirement.  
Having a safe and effective medical device ensures the safety and health of the patient and users, as 
well as achieving performance as per its intended use. This is the rationale for choosing TOP GOAL 
justified within J1. Additionally, the contexts C1 and C2.1-2.4 limit the scope of the TOP GOALΩǎ validity.  
 
C1-MDspecs provides a detailed definition, description and specification of the medical device at hand.  
This  includes,  amongst  others,  operating conditions, modes, and configurations in which the medical 
device operates, supply voltage, current, power specifications, etc. 
 
C2.1-IU (intended use), C2.2-IUE (intended use environment), C2.3-IUP (intended patient population), 
and C2.4-IUO (intended operator profile) concretely cover all aspects of the detailed intended use. 
C2.1 specifies the intended purpose stated by the manufacturer; C2.2 specifies the home or hospital 
ƻǊ ǎǇŜŎƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǿƘƛŎƘ a5ǎ ƻǇŜǊŀǘŜΤ /нΦо ǎǇŜŎƛŦƛŜǎ ǘƘŜ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜΣ ǿŜƛƎƘǘΣ 
etc.; and C2.4 specifies MD user profiles such as trained, skilled, etc.  

The context bounds the scope of the goal within which the argumentation and evidence in the 
solution are valid. Outside the sharp and concretely specified scope, the argumentation and evidence 
may have gaps that render the goal as not satisfied. The MD remains S&E within the bounds of the 
specified context for which it is intended; for example, if the C2.2 intended use environment is a 
hospital and instead it is used in an special environment for which it is not designed, then it might 
cause the MD to be not S&E.   

The TOP GOAL claim is very generic on purpose because the top argument must consider all hazards, 
such as electrical, mechanical, electromagnetic, etc to maintain S&E MD. However, this assurance 
pattern focuses on specific hazards related to Electromagnetic Disturbances (EMD), so the TOP GOAL 
is decomposed into a SUB GOAL to demonstrate that the MD has reached S&E in the presence of EMD.  
 
The SUBGOAL is validated based on the compelling evidence collected during the demonstration, and 
a judgment can be made as to whether the goal inferred claim is true or false. As justified in J2, if the 
claim is false, then inform concerned MD stakeholders to take the necessary actions. Basically, J2 
justifies: if the claim is false, then go back to the TOP GOAL and/or multiple subgoals with respect to 
'xyz hazard'; take the necessary actions to resolve it, such as redesigning the medical device, etc.; and 
eventually demonstrate that the MD is S&E, and the claim is true.  
 
The subgoal is further demonstrated by adopting the risk-confidence-compliance approach as a 
ΨManufacturer {ǘǊŀǘŜƎȅΦΩ !ǎ ƧǳǎǘƛŦƛŜŘ ƛƴ WоΣ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƎƻŜǎ ōŜȅƻƴŘ ǘƘŜ ǊǳƭŜ-based compliance testing 
approach and ensures an 9a ǊŜǎƛƭƛŜƴǘ ŘŜǎƛƎƴ ōȅ ƳŀƴŀƎƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ 9a5ǎΦ ¢ƘŜ ΨManufacturer 
{ǘǊŀǘŜƎȅΩ Ŧŀƭƭǎ ŀǇŀǊǘ ƛƴǘƻ Ψwƛǎƪ DƻŀƭΩΣ Ψ/ƻƴŦƛŘŜƴŎŜ DƻŀƭΩ ŀƴŘ Ψ/ƻƳǇƭƛŀƴŎŜ DƻŀƭΩΦ Ψwƛǎƪ ƎƻŀƭΩ ŀǊƎǳŜǎ ǘƘŀǘ  
Ǌƛǎƪǎ  ǿƛǘƘ  ǊŜƎŀǊŘ  ǘƻ  9a5  ŀǊŜ  ŜŦŦŜŎǘƛǾŜƭȅ ƳŀƴŀƎŜŘΦ Ψ/ƻƴŦƛŘŜƴŎŜ ƎƻŀƭΩ ŀǊƎǳŜǎ ǘƘŀǘ ŘŜǎƛƎƴ ŎƻƴŦƛŘŜƴŎŜ 
has been achieved to ensure  that  the  medical  device is sufficiently  EM resilient beyond the 
regulatory requirements. The confidence goal provides arguments to show that secondary (non-
essential) device functional performance is sufficiently maintained despite harsh EMD conditions.  
Ψ/ƻƳǇƭƛŀƴŎŜ ƎƻŀƭΩ ŀǊƎǳŜǎ  ǘƘŀǘ  ǘƘŜ  a5  ŎƻƳǇƭƛŜǎ  ǿƛǘƘ ŀƭƭ ŀǇǇƭƛŎŀōƭŜ ǊŜƎǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ƛƴǘŜƴŘŜŘ 
market. 
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Risk-confidence-ŎƻƳǇƭƛŀƴŎŜ Ǝƻŀƭǎ ŀǊŜ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇŜŘ ŀǎ ǎŜǇŀǊŀǘŜ ƳƻŘǳƭŜǎΣ ƴŀƳŜƭȅ Ψwƛǎƪ ǇŀǘǘŜǊƴΩΣ 
Ψ/ƻƴŦƛŘŜƴŎŜ ǇŀǘǘŜǊƴΩΣ ŀƴŘ Ψ/ƻƳǇƭƛŀƴŎŜ ǇŀǘǘŜǊƴΩ and their inter-relationship is revealed using modular 
extensions of GSNΦ Lƴ ǇǊƛƴŎƛǇƭŜΣ ŜŀŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ ǇŀǘǘŜǊƴǎ ƛǎ ƛƴǘŜǊǊŜƭŀǘŜŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΩǎ ōǳǘ ŀǊƎǳŜŘ in 
parallel. However, the focus in this document ƛǎ ƻƴ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ Ψ/ƻƳǇƭƛŀƴŎŜ ǇŀǘǘŜǊƴΩ in detail 
showing inter-relationships with the other two patterns. This deliverable is mostly about two things: 
creating EMC assurance case patterns for the EMC of medical devices and showing how risk and 
confidence arguments interact with the compliance argument by using modular extensions of the GSN. 
The EMC compliance assurance case pattern is discussed in detail, with clarification on separate 
regulatory concerns and complex relationships with risk and confidence arguments.  
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4. Use of modular extensions within EMC assurance case patterns 

 

The modular extensions are introduced within the compliance pattern to show interrelated  arguments 
within the  risk-confidence-compliance patterns from the viewpoint of the compliance module.  

 

4.1. GSN modular extensions  

As shown in Fig. 6, the GSN Community Standard [3] specifies the details of modular extensions. As its 
name implies, the various module arguments are extended to link compliance, risk, and confidence 
modules together. The modular extensions use elements such as Ψŀǿŀȅ ƎƻŀƭΩΣ  Ψŀǿŀȅ ŎƻƴǘŜȄǘΩΣ Ψŀǿŀȅ 
ŀǎǎǳƳǇǘƛƻƴΩΣ Ψŀǿŀȅ ƧǳǎǘƛŦƛŎŀǘƛƻƴΩΣ Ψŀǿŀȅ ǎƻƭǳǘƛƻƴǎΩΦ ¢ƘŜ ǇǊŜŦƛȄ ΨŀǿŀȅΩ ǎƛƎƴƛŦƛŜǎ ǘƘŀǘ ǘƘƻǎŜ ŀǊŜ in other 
modules then the ones where they are directly linked to. 

 

 

Figure 6. GSN modular extensions. 

4.2. Applying modular extensions within the compliance pattern 

Showing compliance with all applicable EM-related regulatory requirements is part of the compliance 
module. During the certification stage, manufacturers are no longer in the design phase; hence, the 
device is as is. Therefore, before making the decision to start compliance testing, it is necessary to 
argue that objective evidence is available that risks have been adequately managed by the design, 
which is actually the aim of the risk module. As well, the confidence module has already implemented 
the necessary measures within the design.  

As shown in Fig. 7, the modular extensions are used to argue and identify separate concerns of the risk 
ŀƴŘ ŎƻƴŦƛŘŜƴŎŜ ƳƻŘǳƭŜǎΣ ōǳǘ ŦǊƻƳ ǘƘŜ ǾƛŜǿǇƻƛƴǘ ƻŦ ŎƻƳǇƭƛŀƴŎŜΣ ŀƴŘ ƭŀǘŜǊ ǎƘƻǿ ǘƘŜƛǊ Ψŀǿŀȅ 
ƛƴǘŜǊǊŜƭŀǘƛƻƴǎƘƛǇΩ ǿƛǘƘ ǘƘŜ ŎƻƳǇƭƛŀƴŎŜ ƳƻŘǳƭŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ŀǊƎǳƛƴƎΣ ǘƘŜ ƛŘentification of 
regulatory compliance requirements such as GSPR from MDR2017/745 is the concern of the 
compliance module. However, it is due responsibility of the manufacturer to analyse the risk associated 
with the identified GSPR, and assign these details as a away context within the compliance module.  
The use of away extensions themselves presumes that they are available within those away modules. 
Therefore, if away contextual information and background evidence used within the compliance 
module are not available within the risk and confidence modules, then the argumentation is false.  
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Figure 7. GSN modular extensions application to develop a compliance pattern for medical devices. 

 

 

The use of modular extensions is a way to link contextual information and evidence from the risk and 
confidence module within the compliance module. If modular arguments are not linked wherever 
necessary, then it might lead to compliance argumentation with missing information and insufficient 
evidence, or, in the worst case, compliance testing failure. Manufacturers never want compliance 
testing failure to avoid additional costs of testing and delays in the MD approval process and time-to-
market.  
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5. Standardized EMC assurance case pattern for global regulatory 
requirements  

 

Figure 8. Pattern: Compliance strategy for global regulatory requirements for medical devices. 

As shown in Fig. 8, arguing the Ψ/ƻƳǇƭƛŀƴŎŜ DƻŀƭΩ ŦǊƻƳ ŀƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŀƴŘ ŘŜǎƛƎƴ ǎǘŀƴŘǇƻƛƴǘΣ ǘƘŜ 
medical device manufacturer (MDM) should know and understand ahead of time the intended markets 
he wants to access. In this way the country-specific regulatory requirements can be accommodated in 
ǘƘŜ ŘŜǎƛƎƴ ǇƘŀǎŜ ƛǘǎŜƭŦΦ ¢ƻ ŀǊƎǳŜ ǘƘƛǎ ŦǳǊǘƘŜǊΣ ŀ Ψ/ƻƳǇƭƛŀƴŎŜ ǎǘǊŀǘŜƎȅΩ ƛǎ Ǉǳǘ ŦƻǊǘƘ ǘƻ ŀǇǇƭȅ ŀƭƭ ŀǇǇƭƛŎŀōƭŜ 
regulations for the intended markets.  

Without adhering to the applicable regulations, it is not possible to put the MD on the market, as 
ƧǳǎǘƛŦƛŜŘ ōȅ WпΣ ŀƴŘ ǘƘŀǘΩǎ ǿƘȅ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƛǎ ŀ ƳǳǎǘΦ aƻǊŜƻǾŜǊΣ a5ǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǎǇŜŎƛŦƛŎ ŎƻǳƴǘǊƛŜǎ 
might need design iterations to incorporate the requirements of the respective country if this strategy 
is not followed.  



WP4 D4.2. version Final 
[Public]   ETERNITY 

Page 21 
 

   

¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ 9¦ Framework Programme for Research and Innovation 
Horizon 2020  under Grant Agreement No. 955.816. 

 

For example, some markets have very specific local regulations with regard to the power system 
specifications (230 Vac, 110 Vac, 85-265 Vac, etc.) that need to be taken into account from an EMC 
perspective. Furthermore, to avoid those unintended design iterations, it is wise to scope this 
ΨŎƻƳǇƭƛŀƴŎŜ ǎǘǊŀǘŜƎȅΩ ŀǎǎƛƎƴƛƴƎ ŀ Ψŀǿŀȅ ŎƻƴǘŜȄǘΩ ǿƛǘƘ ŀƭƭ ƎŀǘƘŜǊŜŘ ŀǇǇƭƛŎŀōƭŜ ǎȅǎǘŜƳ ǊŜǉǳƛǊŜƳŜƴǘǎ 
specifications (SRS) with regard to intended market requirements from the ΨŎƻƴŦƛŘŜƴŎŜ ƳƻŘǳƭŜΩΦ 

¢ƘŜ Ψ/ƻƳǇƭƛŀƴŎŜ ǎǘǊŀǘŜƎȅΩ ƛǎ ŘŜŎƻƳǇƻǎŜŘ ŦƻǊ ǘƘŜ 9¦Σ ¦{Σ ŀƴŘ /ƘƛƴŜǎŜ ƳŀǊƪŜǘǎ ƛƴǘƻ ŎƻƳǇƭƛŀƴŎŜ Ǝƻŀƭǎ 
with respective regulations such as CEgoal (that complies with MDR 2017/745), FDAgoal (that complies 
with FDA regulation), and NMPAgoal (that complies with NMPA regulation), respectively.  Additionally, 
it also covers all applicable non-ƳŜŘƛŎŀƭ ƭŜƎƛǎƭŀǘƛƻƴΩǎ όbƻƴa5Ǝƻŀƭ) (e.g., Machinery Regulation) which 
will be discussed in a later section.  
 
To achieve CEgoal, the strategy S1-MDR identifies the regulatory requirements of the MDR2017/745, 
which are basically a set of EM-related General Safety and Performance Requirements (GSPR) and 
further argues to comply with the stated goal MDRgspr.  

In the same way, to achieve the FDAgoal and NMPAgoal, the respective strategies S1-FDA and S1-
NMPA identify EM-related essential requirements and further argue to comply with the stated goals 
FDAreq and NMPAreq, respectively.  
 
Further sections in this deliverable focus mainly on developing patterns for the CEgoal to access the 
EU market. In comparison to other countrywide regulations, EU MDR20174/745 is more complex and 
has stringent requirements. Eventually, the developed patterns for CEgoal can also be used for others. 
FDAreq and NMPAreq goals remain undeveloped. Moreover, there can be other underlying 
argumentation for other intended country-specific regulations (represented by dotted lines within the 
pattern).   
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6. Standardized EMC assurance case patterns for certification of 
medical devices under EU MDR 2017/745 

 

6.1. EU MDR GSPR related to EM emissions and immunity 

 

Fig. 9 shows that the Ƴŀƛƴ ŎƭŀƛƳ ƻŦ ǘƘŜ a5w нлмтκтпр ƛǎ ǘƻ ΨǎƘƻǿ a5 ŎƻƳǇƭƛŜǎ ǿƛǘƘ ŀƭƭ ŀǇǇƭƛŎŀōƭŜ 
DŜƴŜǊŀƭ {ŀŦŜǘȅ ŀƴŘ tŜǊŦƻǊƳŀƴŎŜ wŜǉǳƛǊŜƳŜƴǘǎ όD{twύΩ ŀǎ ǎǘŀǘŜŘ ōȅ ǘƘŜ Ψa5wƎǎǇǊΩ ƎƻŀƭΦ CǊƻƳ ŀƴ 9a 
perspective, applicable GSPRs listed in C3 are articles 14.2(b), 18.5 and 18.6.  

To argue compliance to the MDR, it is necessary to go beyond EM-related GSPR to non-EM-related 
GSPR such as mechanical, electrical, etc. and analyse which among them may or may not be potentially 
affected by EMD (or vice versa). For example, arguing that the safety concern raised due to mechanical 
failure within MD can be due to non-compliance of EM-related GSPR, non-EM-related GSPR, or both is 
a valid question. Such an assessment of GSPR has been done within the risk module, and objective 
evidence of risk ŀǎǎŜǎǎƳŜƴǘ ƛǎ ǳǎŜŘ ŀǎ ŀƴ Ψ!ǿŀȅ /ƻƴǘŜȄǘ /нΩ ǘƻ ƭŜǾŜǊŀƎŜ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ǘƘƛǎ ǳƴƛŦƛŜŘ 
argumentation approach. This away context also brings into attention the actual applicable regulatory 
requirements, among which some are influenced by the risk of EMD within the use environment.  

From an EM perspective, the eventual safety concerns raised due to EMD are that (i) either it has been 
subjected to EMI or (ii) Ƙŀǎ ŜȄŎŜŜŘŜŘ ƛǘǎ ŀƭƭƻǿŀōƭŜ ŜƳƛǎǎƛƻƴ ƭƛƳƛǘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ Ψa5wƎǎǇǊΩ Ǝƻŀƭ 
separates GSPR concerns into two subgoals: showing compliance with EM immunity (G2-ImmGSPR) 
and EM emissions (G2-EmiGSPR). Moreover, separating the regulatory concerns helps to make the 
argumentation more concrete.  

C4.1 & C4.2 support G2-ImmGSPR, and C5 supports G2-EmiGSPR. The immunity requirement in C4.1 
and C4.2 argues that "MD is designed to remove or reduce as far as possible the risks of reasonably 
foreseeable magnetic fields, EM effects, and ESD." The emission requirement in C5 argues that the 
"MD is designed to reduce as far as possible the risks of causing EMI, which could interfere with the 
operation of itself or other devices in the intended environment." 
 
From a legal point of view, compliance with the regulation means arguing that each of the applicable 
legal requirements within articles is fulfilled with an applied solution and method. Following this 
rationale, the immunity GSPR compliance goal is decomposed into showing compliance with article 
14.2 (G3-Ar14.2b) and with article 18.6 (G3-Ar18.6). Similarly, the emission GSPR compliance goal has 
a next argument to show compliance with article 18.5 (G3-Ar18.5).   
 
wŜŦŜǊǊƛƴƎ ǘƻ a5wΩǎ ŀǊǘƛŎƭŜǎ ǿƛǘƘƛƴ /пΦмΣ /пΦнΣ ŀƴŘ /р ŀƴŘ ǘƻ ǎƘƻǿ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ 
articles, the immunity goal is decomposed into G3-Ar14.2b and G3-Ar18.6; and the emission goal is 
decomposed into G3-Ar18.5.   

¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǎƘƻǿƛƴƎ ŎƻƳǇƭƛŀƴŎŜ ōȅ ŘŜŎƻƳǇƻǎƛƴƎ Ǝƻŀƭǎ ƛƴǘƻ ΨŀǇǇƭƛŎŀōƭŜ ŀǊǘƛŎƭŜǎΩ ƻŦ ǊŜƎǳƭŀǘƛƻƴ ƛǎ 
used in the next section to show compliance with the standards where goals are decomposed into 
ΨŀǇǇƭƛŎŀōƭŜ ŎƭŀǳǎŜǎΩ ƻŦ ǎǘŀƴŘŀǊŘǎΦ   
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Figure 9. Pattern: Compliance strategy for global regulatory requirements for medical devices. 

6.2. Separate concerns about EM immunity & EM emission related GSPR 

Fig. 10 separates individual concerns about EM emission and immunity. The regulation prescribes GSPR 
in generic language (C4.1, C4.2, and C5) without any specific methods or solutions such as standards, 
technical specifications, recommendations, etc. to cover it. Next, it needs to be argued about how to 
identify, analyse and apply the methods or solutions to cover them individually. However, analysing 
and applying methods or solutions is not within the scope of the compliance module; all those 
decisions are made during the risk analysis stage and design stage.  

CƛǊǎǘƭȅΣ ǘƘŜ ŀƴŀƭȅǎƛǎ ǘƻ ŎƘƻƻǎŜ ŀǇǇƭƛŜŘ ƳŜǘƘƻŘǎ ƻǊ ǎƻƭǳǘƛƻƴǎ ƛǎ ƳŀŘŜ ǿƛǘƘƛƴ ǘƘŜ Ψwƛǎƪ ƳƻŘǳƭŜΩ ŀǎ 
ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ Ψ!ǿŀȅ ŎƻƴǘŜȄǘ C3ΩΦ {ŜŎƻƴŘƭȅΣ ǘƘŜ ŘŜǎƛƎƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǎǇŜŎƛŦƛŜŘ ōȅ ŀǇǇƭƛŜŘ ƳŜǘƘƻŘǎ 
ƻǊ ǎƻƭǳǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ Ψ/ƻƴŦƛŘŜƴŎŜ ƳƻŘǳƭŜΩ ŀǎ ƧǳǎǘƛŦƛŜŘ ƛƴ ǘƘŜ Ψ!ǿŀȅ ƧǳǎǘƛŦƛŎŀǘƛƻƴ Wм ŀƴŘ WнΩ ( introduced 
in the next section pattern).  
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Figure 10. Pattern: Separate concerns about EM immunity & EM emission related GSPR. 
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As claimed in G3-Ar14.2b, G3-Ar18.6, and G3-Ar18.5, when modular arguments are added to the 
compliance module, the argumentation itself should be convincing enough and should not leave out 
any details to show why the methods or solutions used fully cover the applicable GSPR. In other words, 
G3 goals prove whether the documentation or evidence about the applied methods delivered by the 
risk and confidence module is sufficient to cover emissions and immunity GSPR or not.  
 
To comply with EM immunity-related GSPR articles (G3-Ar14.2b, G3-Ar18.6), the strategy S2 dissects 
ΨDŜƴŜǊŀƭ {ŀŦŜǘȅ ŀƴŘ tŜǊŦƻǊƳŀƴŎŜ wŜǉǳƛǊŜƳŜƴǘǎΩ ƛƴǘƻ ΨǎŀŦŜǘȅ ŀǎǇŜŎǘǎΩ ŀƴŘ ΨǇŜǊŦƻǊƳŀƴŎŜ ŀǎǇŜŎǘǎΩ ǎƻ 
that methods or solutions are applied separately to address emissions and immunity aspects.  
²ƛǘƘƛƴ ǘƘƛǎ ǎǘǊŀǘŜƎȅΣ ǘƘŜ ǎŀŦŜǘȅ ŀǎǇŜŎǘǎ ŎƻǾŜǊ ΨǎŀŦŜǘȅΩ ŀƴŘ ΨŎƭƛƴƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΩ ǿƘŜǊŜŀǎ ǘƘŜ 
ǇŜǊŦƻǊƳŀƴŎŜ ŀǎǇŜŎǘǎ ŎƻǾŜǊ Ψƴƻƴ-ŎƭƛƴƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΩΣ ŀǎ ŘŜǘŀƛƭŜŘ ƛƴ ŎƻƴǘŜȄǘ /с ŀƴŘ /т ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
Moreover, Ψƴƻƴ-ŎƭƛƴƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΩ ǊŜŦŜǊǎ ǘƻ ǎŜŎƻƴŘŀǊȅ ŦǳƴŎǘƛƻƴǎ ǘƘŀǘ Ƴŀȅ ōŜ ƻŦŦŜǊŜŘ ōȅ ŀ ƳŜŘƛŎŀƭ 
device that are separate from and cannot induce unacceptable risks to the clinical intended use of the 
medical device. e.g., a function to copy low-resolution non-clinical images to a memory stick after a 
clinical procedure to provide to a patient as a courtesy service. Refer to paragraph 6.5 for further 
clarification of the term ΨperformanceΩ. 
 
Additional rationale behind the strategy selection is also provided in the next section. Moreover, EM 
immunity affects safety, clinical and non-clinical performance, as detailed in C8, but how those are 
dealt with separately applying S2 is discussed in the next section.  
 
To comply with EM emission-related GSPR articles 18.5 (G3-Ar18.5),  appropriate methods or solutions 
ŀǊŜ ŀƴŀƭȅȊŜŘ ǘƻ ŎƻǾŜǊ ŜƳƛǎǎƛƻƴ D{tw ǿƛǘƘƛƴ ǘƘŜ Ǌƛǎƪ ƳƻŘǳƭŜ ŀƴŘ ǎǇŜŎƛŦƛŜŘ ƛƴ Ψŀǿŀȅ ŎƻƴǘŜȄǘ /оΩΦ /ƻƴǘŜȄǘ 
C9 specifies that the EM emissions predominantly affect the safety aspects, meaning safety and clinical 
performance rather than non-ŎƭƛƴƛŎŀƭ ǇŜǊŦƻǊƳŀƴŎŜΤ ǘƘŜǊŜŦƻǊŜΣ ƛǘ ƴŜŜŘǎ ǘƻ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ ΨǎŀŦŜǘȅ 
ŜǾƛŘŜƴŎŜ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ 9a5Ω ƛǎ ǎŀǘƛǎŦŀŎǘƻǊȅ ŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ Ǝƻŀƭ ΨDп-ǎŀŦǘŜȅΩΦ 9ǾŜƴǘǳŀƭƭȅΣ ŜǾƛŘŜƴŎŜ ƛǎ 
provided that the emission limits are below the allowable limits.  
 

6.3. Separate concerns about safety & performance to address EM immunity 
GSPRs 

 

At the first level, regulatory GSPR concerns related to emissions and immunity are separated in the 
above sections. Now, at the second level shown in Fig. 11Σ ΨDŜƴŜǊŀƭ {ŀŦŜǘȅ ŀƴŘ tŜǊŦƻǊƳŀƴŎŜ 
ǊŜǉǳƛǊŜƳŜƴǘǎΩ ŀǊŜ ŦǳǊǘƘŜǊ ŘƛǎǎŜŎǘŜŘ ƛƴǘƻ ΨǎŀŦŜǘȅ ŀǎǇŜŎǘǎΩ ŀƴŘ ΨǇŜǊŦƻǊƳŀƴŎŜ ŀǎǇŜŎǘǎΩ ŦƻǊ ǘƘŜ ōŜƭƻǿ 
purposes:  

1. To apply methods & solutions to address EM-related GSPR, it is first necessary to separate 
concerns about safety, clinical & non-clinical performance, as justified in J6.  

2. To separate performance into safety-related clinical performance and non-safety-related non-
clinical performance is necessary to avoid confusion about the performance aspects, as 
justified in J7. 

3. There are typically separate standards to address safety & separate standards or specifications 
to address performance, as justified in J8 

 
As argued in the last section, the strategy falls apart into safety and performance related subgoals: G4-
safety and G5-performance goals that show safety and performance evidence with regard to EMD are 
satisfactory. 
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Figure 11. Pattern: Separate concerns about safety & performance to address EM immunity GSPRs. 

 
Performance in the context (C10) of the safety goal (G4) is clinical performance, and performance in 
the context (C11) of the performance goal (G5) is non-clinical performance (when ǘƘƛǎ ŘƻŜǎƴΩǘ ƛƳǇŀŎǘ 
safety).  
 
Detailed argumentation to achieve safety with regard to EMD and performance with regard to EMD is 
explained separately  within further sections.  
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6.4. Strategies to achieve safety with regard to EM-emissions & -immunity 

 

Medical device manufacturers (MDM) very often address system-level risks such as mechanical safety, 
electrical safety, etc. first, and then, as a last resort, EMC compliance testing for safety.  
Otherwise, EMD stress, on top of other existing stresses, has a high likelihood of safety compliance 
ŦŀƛƭǳǊŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǿƘƛƭŜ ŀǊƎǳƛƴƎ ǘƻ ǎƘƻǿ ǎŀŦŜǘȅ ŜǾƛŘŜƴŎŜ ΨǿƛǘƘ ǊŜƎŀǊŘ ǘƻ 9a5Ω όDп-safety), the safety 
evidence with regard to other system-level risks should already be properly managed as specified by 
ǘƘŜ Ψŀǿŀȅ ŀǎǎǳƳǇǘƛƻƴ !мΩ ƻŦ the risk module, as shown in Fig. 12. It means system-level risks are 
acceptable in normal conditions without EMD influences. This assumption should be the baseline of 
ΨDп-ǎŀŦŜǘȅΩΤ otherwise, the main claim will be false.  
 
As discussed in earlier sections, the applied methods or solutions (basically standards) are used to 
show 'safety evidence with regard to EMD' is satisfactory (G4-Safety). The standards are chosen as 
specified within context C12, where preference is given first to the harmonized standards (HS) if 
available, otherwise non-harmonized (nonHS) standards if available, and otherwise manufacturer-
defined standards. To achieve the G4-saftey goal, the MDMs have the choice to use one of the 
strategies among S3-HS, S3-nonHS, or S3-OwnS.   
 
However, it is very crucial to argue that the choice to use one or combinations of chosen strategies 
among the three should eventually have complete coverage of all identified risks related to EM-related 
D{twΦ ¢ƘŜ Ψŀǿŀȅ ŎƻƴǘŜȄǘ /пΩ ŦǊƻƳ ǘƘŜ Ǌƛǎƪ ƳƻŘǳƭŜ ƭƛǎts EM-related GSPR covered by HS, non-HS and 
ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƻǿƴ ǎǘŀƴŘŀǊŘǎΦ ¢ƘŜ Ψŀǿŀȅ ƧǳǎǘƛŦƛŎŀǘƛƻƴ WмΩ ƧǳǎǘƛŦƛŜǎ ǘƘŀǘ ǘƘŜ 9a ŘŜǎƛƎƴ ǘŜŎƘƴƛǉǳŜǎ 
and measures are implemented to address safety with regard to EMD within the confidence module. 
It is argued here as a away justification as it provides the rationale why the goal of showing safety 
compliance evidence exists to validate the design measures are correctly implemented.  
 
Use of HS (S3-HS) is the default preference by the manufacturer, as it has the legal benefit of a 
presumption of conformity with the EM-GSPRs of the MDR it covers, as justified in J9.  
 
The use of non-I{ ŀƴŘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƻǿƴ ǎǘŀƴŘŀǊŘǎ ƛǎ ŎƘƻǎŜƴ when the HS doesn't exist or 
cannot be fully applied or HS doesn't cover all risks related to applicable GSPR, as justified in J10. 
Moreover, choosing S3-nonHS and S3-OwnS, loses the legal benefit of a presumption of conformity, as 
detailed in C13.  
Additionally, context C14 further supports the argument to use strategy S3-OwnS; it is preferred to use 
when both HS and non-HS do not exist, so the manufacturer has to define his 'proprietary standard 
ƻǇŜǊŀǘƛƴƎ ǇǊƻŎŜŘǳǊŜϥΦ ¢ƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƻǿƴ ǎǘŀƴŘŀǊŘǎ ƛƴŎƭǳŘŜ Ƙƛǎ ƻǿƴ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ proprietary 
standards, standard operating procedures (SOP), etc.   
 
S3-HS Ƙŀǎ ŀ ǎǳōƎƻŀƭ ΨG6-SafetyHSΩ ǘƘŀǘ ŀǊƎǳŜǎ that the MD complies with the applicable HS for 'safety 
with regard to EMD' and is argued in detail in the next section.  
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Figure 12. Pattern: Strategies to achieve safety with regard to EM-emissions & -immunity. 
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6.5. Strategies to achieve performance with regard to EM-emissions & -immunity 

5ŜŦƛƴƛƴƎ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘŜǊƳ ǘƘŜ ΨǇŜǊŦƻǊƳŀƴŎŜΩ ƛǘǎŜƭŦ ƛǎ ǉǳƛǘŜ ŎƻƴŦǳǎƛƴƎ within the MDR. Depending on 
ǘƘŜ ǎǘŀƴŘŀǊŘ ŎƘƻǎŜƴΣ ǘƘŜ ǿƻǊŘ ΨǇŜǊŦƻǊƳŀƴŎŜΩ Ƙŀǎ ŘƛŦŦŜǊŜƴǘ ƳŜŀƴƛƴƎǎ. 
 

 

Figure 13. Pattern: Strategies to achieve safety with regard to EM-emissions & -immunity. 
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As shown in Fig. 13, context C6 clearly states that clinical performance is basically the essential 
performance of the MD, and it is covered by the EMC safety standard (IEC 60601-1-2).   
However, in this section, the performance is non-clinical functional performance that includes 
different features, ease of use, customer satisfaction, and the effectivity of the end use mainly 
associated with the manufacturer's specified 'product quality' and 'not safety' as listed in C11.1 and 
C11.2. For example, performance is related to optimization, graphical user interface improvisation, 
ease of use for convenience, exporting images to printers, etc. The failure of such a performance may 
be an annoyance to the users, and customer satisfaction gets affected, but it does not cause medical 
procedures in a negative way to raise any safety-related concerns.  
 
The main claim here is G5-Performance to show that performance evidence with regard to EMD is 
ǎŀǘƛǎŦŀŎǘƻǊȅΣ ŀƴŘ ŎƻƴǘŜȄǘǎ /сΣ /тΣ /ммΣ ŀƴŘ /мфΣ ŀǎ ǿŜƭƭ ŀǎ Ψŀǿŀȅ ƧǳǎǘƛŦƛŎŀǘƛƻƴ WнΩ ŦǊƻƳ ǘƘŜ ŎƻƴŦƛŘŜƴŎŜ 
module, support this claim.  
 
Ψ!ǿŀȅ ƧǳǎǘƛŦƛŎŀǘƛƻƴ WнΩ ƧǳǎǘƛŦƛŜǎ Ƙƻǿ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ 9a5 ǿƛǘƘƛƴ ǘƘŜ ŘŜǎƛƎƴΦ 
The subgoal G5 validates and provides performance evidence against the measures implemented 
within the design.  
 
To achieve the G5-performance goal, the MDMs have the choice to use one of the strategies among 
S3-HS, S3-nonHS, or S3-OwnS.  However, it is important to argue here that there is no harmonized 
standard (HS) to cover it under MDR, as specified in C19.  
But there exists non-HS IEC TR 60601-4-2 to cover the performance with regard to EMD. Therefore, 
strategy S2-nonHS is used and has a subgoal that requests to show MD compliance with IEC TR 60601-
4-2 for 'EMC for performance'.  Basically, the goal here is to show compliance with the manufacturer 
defined performance criteria related to the specified product quality, as detailed in context C20. It is 
up to the manufacturer to determine what performance the device delivers for the given environment.  
 

6.6. Applicable harmonized standards under MDR to address safety with regard 
to EMD 

 

Up to this level, clear consistency with regard to the argumentation is maintained by arguing from the 
higher-level regulations to the lower-level standards. As shown in Fig. 14, the argumentation 
demonstrates how safety compliance with regard to EMD is shown using applicable HSs. Therefore, 
the main arguments ŀǊŜ ǎƘƛŦǘŜŘ ƴƻǿ ƻƴǿŀǊŘǎ ǘƻ ǎƘƻǿ ΨǎŀŦŜǘȅ ŎƭŀǳǎŜǎ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǎǘŀƴŘŀǊŘǎΩ ŦǊƻƳ 
ΨD{tw ŎƻƳǇƭƛŀƴŎŜΩ ƻŦ ǊŜƎǳƭŀǘƛƻƴǎΦ  
 

¢ƘŜǊŜ ŀƭǊŜŀŘȅ ŜȄƛǎǘ ŘŜŘƛŎŀǘŜŘ I{ǎ ŦƻǊ ǎŀŦŜǘȅ ŦƻǊ a5ǎ ǳƴŘŜǊ a5wΦ ¢ƘŜ Ǝƻŀƭ ΨDс-{ŀŦŜǘȅI{Ω ŀǊƎǳŜǎ a5 
compliance with the applicable safety HS. Context C15 supports G6 by providing the details of the 
applicable HS. The HS is one that should be listed in the Official Journal of European Union (OJEU) 
under MDR 2017/745. IEC 60601-1 is the parent HS for safety, also called the basic or generic safety 
standard. IEC 60601-2-xx is a series of particular standards for particular types of MD, also called 
product-specific standards. For example, IEC 60601-2-43 is the particular standard for the angiographic 
X-ray system.  
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As argued in C15, when it comes to the selection of applicable HS, preference is always given to the 
product-specific standard (IEC 60601-2-xx) if available; otherwise, preference is given to the basic 
standard (IEC 60601-1).  
The generic strategy to comply with any standard is to find out the relevant clauses of compliance.  
Therefore, strategy S4 identifies an EM-related safety clause in the applicable HS. The strategy has a 
ǎǳōƎƻŀƭ ΨDф-9aǎŀŦŜǘȅŎƭŀǳǎŜΩ ǘƘŀǘ ŀǊƎǳŜǎ ǘƘŀǘ a5 ŎƻƳǇƭƛŜǎ ǿƛǘƘ ϥ9a-specific safety clauses' within the 
applicable HS.  

It's quite hard to argue about how to find the EM-safety clauses in the different normative references 
that are available at different levels of the hierarchy, from the lower-level particular standards to the 
higher-level basic standards. 
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Figure 14. Pattern: Safety clauses with regard to EMD within harmonized standards. 

 
To ease this complexity, the generic argumentation of G9-EMSafetyClause looks for: 

1. Firstly, from the applicable particular HS, identify the EM-related clauses and other normative 
(cross-) references that point towards basic standards and others, as specified in C16.   
IEC 60601-2-ȄȄ ǇǊŜǎŎǊƛōŜǎ ǘƘƻǎŜ ŎƭŀǳǎŜǎ ǿƛǘƘƛƴ ΨŎƭŀǳǎŜ нлмΦмтΩΤ ǘƘƛǎ ŎƭŀǳǎŜ ŀƎŀƛƴ ǊŜŦŜǊǎ ǘƻ 
clause 17 of the basic standard (IEC 60601-1). 
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Additionally, IEC 60601-2-xx sometimes prescribes extra clauses (e.g., 202.101) to be 
addressed by other particular standards.  

2. Secondly, from the basic standard, clause 17 has a normative reference to use EMC collateral 
standard IEC 60601-1-2, as specified in C17.  

3. ¢ƘƛǊŘƭȅΣ ŦǊƻƳ ΨƻǘƘŜǊΩ ŀǇǇƭƛŎŀōƭŜ ǇŀǊǘƛŎǳƭŀǊ ǎǘŀƴŘŀǊŘǎΣ ƭƻƻƪ ŦƻǊ ǘƘŜ ŜȄǘǊŀ 9a-related 
requirements, as specified in C18.   

The clauses in contexts C16, C17, and C18 make it clear that further arguments should meet those 
ŎƭŀǳǎŜǎΦ ¢ƻ Řƻ ǘƘƛǎΣ Dф ǎǇƭƛǘǎ ƛƴǘƻ ǘǿƻ ǎǳōƎƻŀƭǎΥ ΨDмл-9aǎŀŦŜǘȅΩ ǿƘƛŎƘ ŎƭŀƛƳǎ ǘƻ ōŜ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ 
the EMC collateral standard (IEC 60601-1-2); and ΨDмл-ŀŘŘ{ŀŦŜǘȅ/ƭŀǳǎŜΩ which claims to be in 
compliance with the extra EM-safety clauses. This clause has deviations in the EM requirements, such 
as additional immunity requirements for essential performance of the medical devices, etc.  

¢ƘŜ Ǝƻŀƭ ΨDмл-ŀŘŘ{ŀŦŜǘȅ/ƭŀǳǎŜΩ ǊŜƳŀƛƴǎ undeveloped within this patternΦ ¢ƘŜ Ǝƻŀƭ ΨDмл-9aǎŀŦŜǘȅΩ ƛǎ 
argued in detail in the next section.   
 
 

6.7. 'EMC for safety' compliance: EMC collateral standard IEC 60601-1-2  

 

The lower level of argumentation makes it more simple to follow safety requirements within standard 
in comparison to higher-level argumentation to follow complex requirements of regulations. It is 
already quite evident from the above section (C16, C17, and C18) that the EMC collateral standard (IEC 
60601-1-2) is an integral part of the particular standard as well as the basic standard.  
 
The strategy S4 discussed in the earlier section leads eventually ǘƻ ǘƘŜ ǎǳōƎƻŀƭ ΨDмл-9aǎŀŦŜǘȅΩ ǘƘŀǘ 
argues safety compliance with regard to EMD, as shown in Figs. 15 and 16.  
 
The context C19, C20, C21, C22, and justification J10 support G10-EMsafety. Additionally, the modular 
away assumptions from risk and confidence module also define the scope of this goal.  
 
While arguing compliance with IEC 60601-1-2, the assumptions are:  

1. Ψ!ǿŀȅ ŀǎǎǳƳǇǘƛƻƴ !нΩ ŦǊƻƳ the risk module- The risk assessment must have delivered 
performance criteria, operating modes, test methods, etc. which are the main compliance 
requirements.  

2. Ψ!ǿŀȅ ŀǎǎǳƳǇǘƛƻƴ !оΩ from the  confidence module - The appropriate EMC design techniques 
and measures must have already been implemented, and corresponding evidence should be 
available.  
 

If assumed documentation or evidence from risk and confidence modules is not available, then the 
whole argumentation for compliance will break down with missing information and gaps in 
documentation.  
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Figure 15. Pattern: EMC collateral standard IEC 60601-1-2 for 'EMC for safety' compliance. 
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Context C21 highlights the scope of IEC 60601-1-2, which is to comply with basic safety & essential 
performance by managing the risk of EMD.  
 
Context C22 lists all 'Basic safety' requirements; for example, unintended motorized movements due 
to EMDs raise safety concerns for the users, etc.  
Context C23 lists details of essential performance requirements and this corresponds to the clinical 
performance and not non-clinical related functional performance.  
Context C24 specifies that compliance should cover the MD with all accessories, subsystems, 
configurations & options.  
Compliance with IEC 60601-1-2 gives a presumption of conformity with the EMC-GSPRs of the MDR it 
covers.   
 

 
Figure 16. Pattern: EMC collateral standard IEC 60601-1-2 for 'EMC for safety' compliance. 
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ΨDмл-9aǎŀŦŜǘȅΩ Ƙŀǎ ŀ ǎǳōƎƻŀƭ ΨDмм-9aŎƭŀǳǎŜǎΩ ǘƻ ŀǊƎǳŜ ŎƻƳǇƭƛŀƴŎŜ ŎƭŀǳǎŜǎ ƻŦ L9/ слслм-1-2 are 
fulfiled.   
 
/ƻƴǘŜȄǘǎ /нрΣ /нсΣ /нтΣ /нуΣ ŀƴŘ /нф ŀǎ ǿŜƭƭ ŀǎ Ψŀǿŀȅ ŎƻƴǘŜȄǘ /сΩ ŦǊƻƳ ǘƘŜ Ǌƛǎƪ ƳƻŘǳƭŜΣ ŀƴŘ Ψŀǿŀȅ 
ŎƻƴǘŜȄǘ /тΩ ŦǊƻƳ ŎƻƴŦƛŘŜƴŎŜ ƳƻŘǳƭŜǎΣ ǎǳǇǇƻǊǘ Dмм-EMclauses. 
 
IEC 60601-1-2 prescribes concrete compliance requirements within different clauses. The recent 
version of IEC 60601-1-2:AMD2020 has risk management requirements within clause 4 (C25), emission 
requirements within clause 7 (C26), immunity requirements within clause 8 (C27), and technical 
documentation requirements within clauses 5, 6, & 9 (C28). 
 
The different compliance clauses within C25, C26, C27, & C28 immediately bring to attention that the 
ƴŜȄǘ ŀǊƎǳƳŜƴǘ ǎƘƻǳƭŘ ōŜ ǘƻ ŦǳƭŦƛƭƭ ǘƘƻǎŜ ŎƭŀǳǎŜǎΦ {ƻΣ ΨDмл-9aǎŀŦŜǘȅΩ ƛǎ ǎǇƭƛǘ ƛƴǘƻ ŦƻǳǊ ǎǳōƎƻŀƭǎΥ 
G12_riskmanagement, G12_EMemission, G12_EMimmunity, & G12_TD to show compliance with each 
clause is fulfilled.  
 
Away context C6 provides emission & immunity requirements that have been defined within the risk 
module and need to be validated within compliance module goals G12_EMemission and 
G12_EMimmunity.  
 
Similarly, Away context C7 provides monitoring methods that have been defined for performance 
criteria and implemented within the confidence module and need to be tested within compliance 
module goal G12_EMimmunity.  
 
Context C29 provides a detailed EMC test plan referring to the away contexts C6 and C7. C29 includes 
the emission limits, immunity levels, use environment, performance  criteria and monitoring methods, 
list of applicable ports, configuration and operation of the MD in question, resources, sequence of 
activities during testing, etc.  
 
The risk module and the confidence module support the validation and collection of all the necessary 
safety evidence. And eventually, the safety evidence is concluded within the compliance modules only. 
This brings to our attention that both the risk and confidence modules never deliver the evidence fully 
but support compliance certification and deliver the safety evidence fully after successful verification 
only. The risk module analyses the applicable safety requirements specifications, and the confidence 
module implements safety design specifications to achieve sufficient resilience with regard to EMD.  
 
On a very abstract level, as shown in Fig. 16, the safety evidence with regard to EMD would be the EMC 
risk management file (Sn1), test reports of emission and immunity testing (Sn2, Sn3), the Declaration 
of Conformity (DoC), technical documentation (Snm) that includes away solutions such as risk 
management file, EMC design techniques and measures, EMC system-level rationale, etc.  
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7. Standardized EMC assurance case pattern for non-medical 
legislations applicable to the medical devices 

 

 

Figure 17. Pattern: 'Non-medical legislation' EMD requirements for medical device safety. 

In general, there are other non-medical directives and regulations apart from MDR 2017/745 that may 
be applicable to medical devices to address separate concerns. IEC 60601-1-н ŘƻŜǎƴΩǘ ǇǊƻǾƛŘŜ ŀƴȅ 
normative references related to the other applicable regulations and directives. Therefore, the 
additional, more specific requirements with regards to EMD specified by other non-medical legislation 
ŀǊŜ ŀǊƎǳŜŘ ǿƛǘƘƛƴ Ǝƻŀƭ Ψbƻƴa5-ƭŜƎƛǎƭΩ, as shown in Fig. 17.  
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Depending on the medical devices in question, it is necessary to first analyse the applicability of the 
other directives & regulations for more specific EM requirements, as argued by strategy S5.  
Strategy {р Ŧŀƭƭǎ ŀǇŀǊǘ ƛƴǘƻ ǎǳōƎƻŀƭǎ ΨDмо-w95Ω ǘƻ ǎƘƻǿ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ wŀŘƛƻ 9ǉǳƛǇƳŜƴǘ 5ƛǊŜŎǘƛǾŜ 
2014/53/EU; similarly with Machine Regulation 2023/1230, and so on. The goal G13-RED exists if at 
least one radio product is part of the MD & permanently affixed, as justified in J11.    
 
The machinery regulation has essential health & safety requirements (EHSRs), where some of those 
are more specific than the GSPR of MDR as per MDR Article 1 (12). For example, EHSR 1.2.2 related to 
control devices is partially covered by GSPR 14,17,18,20 & 21.3. The goal G13-MR complies with the 
list of applicable EHSR detailed in C31.  
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8. Conclusion 

 

 

The goal structuring notation  is used to  graphically present  all elements in the argumentation on why 
a medical device is safe and effective in the presence of EMD and is deemed to comply with the general 
safety and performance requirements of the EU MDR 2017/745. A unified EMC assurance case with 
risk, confidence, and compliance sub-cases has been proposed to argue how risks related to EMD are 
sufficiently managed before a medical deviceΩǎ EMC certification. The entire argumentation brings to 
the immediate attention of all stakeholders that medical devices are safe and effective without 
compromising basic safety, essential performance, and intended use in the presence of EMD and 
corresponding certification evidence. The developed standardized EMC assurance case patterns for 
the certification of medical devices can be ŀǇǇƭƛŜŘ ǘƻ ǾŀǊƛƻǳǎ ƳŜŘƛŎŀƭ ŜǉǳƛǇƳŜƴǘΩǎ such as MRIs, on-
board sensing platforms, Angiographic X-ray systems, Medical imaging system, but also simpler home-
medical devices like e.g. a blood pressure or heartbeat rate measurement device., etc. It is explained 
how this approach can make the medical device certification process more efficient and how it helps 
regulators, Notified Bodies and stakeholders.  
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Appendix A: Important taxonomy 

A lot of common terms are used within the compliance case pattern and within risk and confidence 
arguments of MDs, and not everyone has the same interpretation of those taxonomies. Within this 
section, it is tried to harmonize the same taxonomy throughout the deliverable. 

1. Ψ{ŀŦŜǘȅΩ ƛǎ ŦǊŜŜŘƻƳ ŦǊƻƳ ǳƴŀŎŎŜǇǘŀōƭŜ Ǌƛǎƪ  
2. ΨIŀȊŀǊŘΩ ƛǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǎƻǳǊŎŜ ƻŦ ƘŀǊƳ 
3. ΨIŀǊƳΩ ƛǎ ǘƘŜ ƛƴƧǳǊȅ ƻǊ ŘŀƳŀƎŜ ǘƻ ǘƘŜ health of people, or damage to property or the environment 
4. ΨwƛǎƪΩ ƳŜŀƴǎ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƘŀǊƳ ŀƴŘ ǘƘŜ ǎŜǾŜǊƛǘȅ ƻŦ ǘƘŀǘ 

harm;  
5. ΨtŜǊŦƻǊƳŀƴŎŜΩ ƳŜŀƴǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ŘŜǾƛŎŜ ǘƻ ŀŎƘƛŜǾŜ ƛǘǎ ƛƴǘŜƴŘŜŘ ǇǳǊǇƻǎŜ ŀǎ ǎǘŀǘŜŘ ōȅ ǘƘŜ 

manufacturer;   
6. ΨLƴǘŜƴŘŜŘ ǳǎŜ ƻǊ ƛƴǘŜƴŘŜŘ ǇǳǊǇƻǎŜΩ ƛǎ ǘƘŜ ǳǎŜ ŦƻǊ ǿƘƛŎƘ ŀ a5 ƛǎ ƛƴǘŜƴŘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 

specifications, instructions and information provided by the manufacturer. 
7. Ψwƛǎƪ ƳŀƴŀƎŜƳŜƴǘΩ ƛǎ ǘƘŜ ǎȅǎǘŜƳŀǘƛŎ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƳŀƴŀƎŜƳŜƴǘ ǇƻƭƛŎƛŜǎΣ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ǇǊŀŎǘƛŎŜǎ 

to the tasks of analysing, evaluating, controlling and monitoring risk  
8. Ψwƛǎƪ ŀƴŀƭȅǎƛǎΩ ƛǎ ǘƘŜ ǎȅǎǘŜƳŀǘƛŎ ǳǎŜ ƻŦ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ƛŘŜƴǘƛŦȅ ƘŀȊŀǊŘǎ  ŀƴŘ ǘƻ ŜǎǘƛƳŀǘŜ 

the risk  
9. Ψwƛǎƪ ŀǎǎŜǎǎƳŜƴǘΩ ƛǎ ǘƘŜ ƻǾŜǊŀƭƭ ǇǊƻŎŜǎǎ ŎƻƳǇǊƛǎƛƴƎ ŀ Ǌƛǎƪ ŀƴŀƭȅǎƛǎ ŀƴŘ ŀ Ǌƛǎƪ ŜǾŀƭǳŀǘƛƻƴ  
10. Ψwƛǎƪ ŎƻƴǘǊƻƭΩ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ƛƴ ǿƘƛŎƘ ŘŜŎƛǎƛƻƴǎ ŀǊŜ ƳŀŘŜ ŀƴŘ ƳŜŀǎǳǊŜǎ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ǿƘƛŎƘ Ǌƛǎƪǎ 

are reduced to, or maintained within, specified levels 
11. ΨwŜǎƛŘǳŀƭ ǊƛǎƪΩ ŀǊŜ Ǌƛǎƪ ǊŜƳŀƛƴƛƴƎ ŀŦǘŜǊ Ǌƛǎƪ ŎƻƴǘǊƻƭ measures have been implemented 
12. Ψ9a ŜƴǾƛǊƻƴƳŜƴǘΩ ƛǎ ǘƘŜ ǘƻǘŀƭƛǘȅ ƻŦ 9a ǇƘŜƴƻƳŜƴŀ ŜȄƛǎǘƛƴƎ ŀǘ ŀ ƎƛǾŜƴ ƭƻŎŀǘƛƻƴ 
13. EMD is any EM phenomenon that could degrade the performance of a MD 
14. EMI is the degradation in the performance of equipment or transmission channel or a system 

caused by an electromagnetic disturbance 
15. Ψ9a/Ω ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ a5 ǘƻ ŦǳƴŎǘƛƻƴ ǎŀǘƛǎŦŀŎǘƻǊƛƭȅ ƛƴ ƛǘǎ 9a ŜƴǾƛǊƻƴƳŜƴǘ ǿƛǘƘƻǳǘ ƛƴǘǊƻŘǳŎƛƴƎ 

intolerable EMDs to anything in that environment 
16. Ψ9a ŜƳƛǎǎƛƻƴǎΩ ƛǎ ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ōȅ ǿƘƛŎƘ 9a ŜƴŜǊƎȅ ŜƳŀƴŀǘŜǎ ŦǊƻƳ ŀ ǎƻǳǊŎŜ 
17. ΨLƳƳǳƴƛǘȅ ǘƻ 9a5Ω ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ a5ǎ ǘƻ ǇŜǊŦƻǊƳ ǿƛǘƘƻǳǘ ŘŜƎǊŀŘŀǘƛƻƴ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƴ 9a5 
18. Ψ9a ǊŜǎƛƭƛŜƴŎŜΩ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ a5 to adjust its functioning prior to, during, or following an 

interference event and maintain its (critical)capabilities and services even under unanticipated 
conditions 

19. Ψ9ǎǎŜƴǘƛŀƭ ǇŜǊŦƻǊƳŀƴŎŜΩ ƛǎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ  ƻŦ  ŀ  ŎƭƛƴƛŎŀƭ  ŦǳƴŎǘƛƻƴΣ  ƻǘƘŜǊ  ǘƘŀƴ  ǘƘŀǘ  ǊŜƭŀǘŜŘ  ǘƻ  
basic safety,  where  loss  or degradation beyond the limits specified by the manufacturer results 
in an unacceptable risk 
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Appendix B: MD standards, Framework, Risk and  confidence 
patterns 

 

 

 

Figure 18. EM-related regulatory requirements (GSPR) within MDR 2017/745. 
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Figure 19. Medical device EMC certification standards. 
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Figure 20. Suggested EMC Process applied ōȅ ǘƘŜ ƳŜŘƛŎŀƭ ŘŜǾƛŎŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ.  
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Figure 21. Risk argument rationale behind IEC 60601-1-2. 

 

 

 

Figure 22. Risk argument rationale. 
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Figure 23. Structure of the risk case pattern. 

 

 

Figure 24. Structure of the confidence case pattern. 
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Appendix C : Non-medical Devices Compliance 
 

The compliance case patterns for the non-medical devices are introduced here to highlight the 
usability of this research.  

 

Figure 25. Compliance with the essential requirements of the EMCD. 
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Figure 26. GSN assurance case pattern representing the different routes to argue compliance to the EMCD and supporting 
documents. 
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Figure 27. GSN for compliance case pattern with the application of the harmonized standard to gain a presumption of 
conformity (Route 1). 
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Figure 28. GSN for compliance case pattern with the application of the mixed EMC assessment (Route 2). 
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Figure 29. GSN for compliance case pattern with the application of the detailed EMC assessment (Route 3). 

 

 

 

 

 

 

 

 

 

 

 

 










