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Acronyms

MD Medical Device

MDR Medical Device Regulation

EMI Electromagnetic Interference

EMC ElectromagneticCompatibility

RMP Risk Management Process

MDM MedicalDeviceManufacturer

TD Technical documentation

EMCD EMC Directive

SRS SystemRequirementsecifications

SDS SystemDesignJecifications

GSPR General Safety and PerformanRequirements

DoC Declaration of Conformity

CE Conformité Européene

EMD Electromagnetic Disturbance
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HS Harmonized Standard

RS Requirement Specifications

RSL Rationale System Level

S&E Safe & Effective

GSN GoalStructuring Notation

BS Basic Safety

EP Essential Performance

EU European Union

RED Radio Equipment Directive

G Goal

C Context

S Strategy

J Justification

A Assumption

Sn Solution

TR Technical Report

TS Technical Specifications

IU Intended Use

IUP Intended Use Profile

IUE Intended Use Environment

IUO Intended Use Operator

FDA Food and Drug Administration

NMPA National Medical Products Administration

MDM Medical Device Manufacturer

SOP SandardOperatingProcedures

OJEU Official Journal of European Union

EHSR EssentialHealth & Safety Requirements

V&V Verification & Validation

QMS Quality Management System

ESD Electro Static Discharge

HF High Frequency
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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)ntlhaufacturers of medical devices must fulihe

as5wQa ! yySE -telated &SRR wihitzirtickes 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
LINE GARSR Ay (KS ¢ SOKY A Ols Annexes @ dav [ yelcritie SeReyal edserfiad @ ¢ K
points to be cosidered for the TD:

1. TheTD shouldirguehow a medical device meets all regulatory requirements and timmedical
deviceis kept safe and effective in the presenceelidfctromagnetic disturbance&lD).
2. The TD should document, amongst others, the intended use, the electromagnetic environment, the
GSPR, how EMC risks are managed, theberkfit analysis, the EMC verification and validation,
and the postmarket surveillance inputs.
3. All evidence within the TD should allow for a critie@hluation and review by a notified body and
regulators.
One morecritical consideration fothe¢ 5 A& &GF GSR G §KSThéiTDlanits 2 F | vy
summary should be clear, weltructured, without any ambiguity, and easy to trace

Despite this explicit MDR requiremetihe TD isoften text-basedand, therefore, in practicelosesthe
intention behind this requirementThe diverse takeholdersof the TDneed helpto clearlysee the
claims,arguments and pieces of evidence and how thegnnect.In a textbased TD, it ibard to trace
evidence againghe originalclaims and get to thdesireddocuments and crosseferencesThis makes
the TDdifficult to interpret and follow.These limitations lead to significant challenges [2]:

1. The medical device approval process for EMC is less efficient:
1 Reviewing long texts takes time.
1 Poor communication due to unstructured reasoning.
9 lterative reviews increase costs and time to market.

2. The medical device might suffer fromintendedelectromagnetic interference in practice:
1 Specific warnings, precautions, or measures to cope with &l@erlooked or are missing in
the TD.
1 The medical devices 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 tbased approach. Leveraging on the latest developments

in safety engineering, a TD based on the Goal StringfiNotation (GSN) [3] could be a better approach

by summarisingall claims, arguments and pieces of evidence in a structured, explicit, andoeasy
understand graphical format.

In the domain of EMC, GSN wassed for the first time to developn EMC assurance cageshow

compliance with theEMC5 A NB Ol A @S Qa S aa Swated[b] vidensBthieduseNdBGSSly (i & T
towardsEMI risk managemenin the medical domain, [6] highlights the need & SNbased approach

to arguefor the safety of anedical device. Bystematic approach tdocumeningthe reasoning behind
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the safety assurance of a medical devicer®vided inAAMI TIR7]. 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 apppaaifically

for managing the risks related to EMIEas yet to be investigatedhisdeliverablepresentsa compliance

case pattern usingnified EMC assurance case structure, comprising risk, confidence, and compliance
sub-cases, taertify that amedical devices safe and effective despite being subjected to EMD.

The remainder of thigeliverableis structured as followsSection2 explairs the concept of GSNEMC
assurance caseand therisk-confidencecompliance approach to argumentatio8ectios 3, 4,5, 6 and

7 present standardized EMC assurance case patterns for the certification of medical devices
Conclusions are drawin Sction 8. In the end, Appendix Aprovides important terminologiessed in

this deliverable. Appendix@Bovidesthe supplementary informatiosuch as medical device standards,

a risk-confidencecomplianceframework for argumentationthe structure ofthe risk pattern andthe
confidence patternAppendixCprovidescompliancepatterns forthe certification of equipment under

the scope ofthe EMC Directive 2@130/EU, and compliance assurance caser the certification of
power drive compressosystens (which is a nomamedical devicgare developed referring to these
patterns

1.2. Justification behinthe inconsistency betweethe deliverable title and
actual content

There is inconsistency between thententwithin this deliverable andits title. Thedeliverabletitle is
a { G y RENNO&surénBe Case Patterns for the Certification of Medical Equipment such as MRI or
Onboard 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 eax "onboard sensing platform,” which is no
longer applicable since the second secondment was erroneously indicated as IDNEO in the proposal but
was correctly amended to PMThe Netherlands) in the actual grant agreement. Furthermore, the
second seconaent has not yet taken place and is planned at PMC for the use cas€aéiPlasma

healing devicelnstead, his deliverable discusseke standardizedassurance case patterrier the
OSNIAFAOI GAZ2Y 2 FhicreRitedbased ofdlj{ deAMidYEigoad@ént at PMS he
Netherland$related to medical imaging system

This deliverable does not explicitly address assurance cases-twand 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 equiptimeith 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. oncept of the goabased EMC assurance case

This section discusses the concept of @88 EMC assurance cases and how these help to overcome

the drawbacks of the textbased approach.

2.1. GoalStructuring Notation

GSN isstandardisedyraphicabrgumentatiomotationthat combines claims, arguments, and evidence
in wellstructured assurance cases. Figdéscribes how the essential GSN elements [3] structure an

assurance case througlix core elements and two relatiomgs.

(o G
Context Goal

SupportedBy‘

S
= Strat
rate
J 2 Argumentation

structure

InContextOf |G

v Sub goal
A
Assumption

©

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

Lmmmmmmm

The six core elements are:
1.A Goal (G) presents the main claim or-sldim 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 rationalel&ifywhy 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 othe EMC assurance cagasdeveloped from theconcept of asafety assurance case

[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 easyto-follow structureallowing 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 reapproval 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 60602 is that[10]:

oMedical devices should provide their basitety and essential performance without interfering with
other devices in the EM environment as per their intendeé use

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. RiskConfidenceCompliance Argumentation Approach

Thetechnical documentatiorshould presenteasoningfor why the medical devicé@VD)is Safe and
Hfective (S&E)in the presence of EMDIo show S&BMD, gatheringall objective evidence with
underlying argument$or how regulatory aspectssuch ashasic safetygssential performangeand
intended usein the presence of EMBre maintainedis essential Further compelling evidencshould
proveregulatoryaspectsare fulfilled; otherwiseg this could lead to unacceptable risks by affecting the
safety of medical device userBoconsidertheseargumentation aspects with due diligendee risk-
confidencecompliance approachontributesto a solution as shown in Fig2 and 3
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This approach iefficient becauseby focusingon EMC compliance testing evidenae indepth EMC

risk-based assessment procedure together with increasing design confidence @skikhce proves

a more thorough way of arguing for a safe and effective medical déMiég approach in itself clarifies

lot of complexargumentsrelated to different artifactssuch asva l TS & QX WLISNF 2 NX | y O
WO2YFTARSYOSQI WNEB FixehttalyysiDdtials appydigtit Wil ¥asletdintefréts Q &

and clarify all of these complex aspectsd separate relevant concerns as and when necesstyy

the overall safety assurance case with regard to EMD.

‘. ................................. Assurance argumentation using graphical ... )
notation (e.g, Goal Structuring Notation)

To argue Regulatory To prove Unified EMC Assurance
requirements
) Risks are effectively
Reasoning Safety Basic mitigated N
safety = Risk Compliance
Safe & effective case case
medical device (MD) clinical functions Essential Sufficient design
in the presence performance confidence is gained
reasonably
foreseeable i i .
EMD device performance Intended MD is compliant _ oS
use = case
What 2 Why ? How ?

Figure2. Riskconfidencecompliance approach to argumentation

Argues why and how regulatory
requirements are satisfied

Compliance
case

EM
resilience
case

Risk case

mitigated by design to an
acceptable level

by design beyond the level or

Argues how EMI risks are
regulatory BS and EP requirements

Argues how EM resilience is achieved }

Figure3. Main arguments of riskonfidencecomplianceapproach

x ¥ %

+ *
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they contribute to the argumentation on how risks with regards to EMD are managedle |
individually lists applicable standards that cover the-dskfidencecompliance arguments separately.
However, few standards address two or more arguments together. This property of different but
interrelated (overlapping) arguments is showrFig. 4.

TABLE 1.

EMC ARGUMENTS WITHIN APPLICABLE STANDARDS

Assurance of safe and effective medical devices in the presence of EMD
Case
Applicable standard/guidance EMC argument
1ISO 14971
(Risk Management Process)
IEC 606011-2 )
(Risk Analysis Rationale) Argues how risks Risk case
IEEE P1848, [ET Guide 2008, | are managed and
controlled due to
IEC 6100a-2:2016 EMD
(Risk Control Guidance)
Argues how Confidence
IEEE P1848 design confidence (EM Resilience)
(Guidance on Techniques and is increased for case
Measures) EM resilience
IEC 606011-2 Argues how
(EMC for safety) compliance is Compliance
TR IEC 606042 cla|me_d with case
regulation and
(EMC for performance) standards

TR technical report

case

Confidence
(EM resilience)

Compliance
case

Assurance of

basic safety,

v

essential performance
and intended use

(device performance)
in the presence of EMD

Figured. Inter-relationship of risiconfidencecompliance approach

The concrete content of these three sahses and how they fit together is discussed in detail in the

next section.
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3. Unified EMC assurance cas#tern: TOP GOAL argument

Thetop-levelpattern for the unified EMC assurance casedemonstrate safe and effective medical

devicess shownin Fig.5.

TERNITY

VVWWWW

WM D4.2. versionFinal
ETERNITY

C1-MDspecs

MD definition,description,
specifications (e.g., supply
voltage, current, power, etc.)

TOP GOAL

The Medical device
(MD) is Safe & Effective

C2.1-lU

Intended use (e.g., purpose
stated by the manufacturer)

C2.2-IlUE

Specification of the MD
intended use environment
(e.g., home, hospital,
special, etc.)

LT T

J2
Judgement: MD is not S&E,
Reason: Evidence is not
demonstrated & needs to be
resolved,

Action: Inform concerned
stakeholders to take the
necessary actions

(S&E) for its intended
use & operating
environment over its
lifecycle

Pattern: Regulatory strategy (risk-confidence-compliance) to meet safe & effective medical devices

C2.3-IUP
s Patient population
(age, weight, etc.)

J C2.41U0
Intended operator profile

SUB GOAL
Demonstrate that the MD
has reached S&E in the
presence of
Electromagnetic
Disturbances (EMD)

Manufacturer Strategy
Apply a risk-
confidence-compliance
approach

V\(e.g., trained, skilled, etc.)

J1
S&E MD ensures the safety
and health of patients &
users as well as achieves
performance as per its
intended use

There can be
multiple subgoals
to argue the MD
S&E with respect
to 'xyz hazards' or
'other attributes'.

J3
With this strategy, the
risks of EMDs are
managed, & MDs are
ensured to be
resilient & compliant

Risk Goal

Demonstrate that the
EM-related risks of the
MD are sufficiently

Confidence Goal
Demonstrate that
sufficient design
confidence has been

Compliance Goal
Demonstrate that the
MD complies with all
applicable regulations

managed achieved for the EM for the intended
resilience of the MD markets
M1 M2 M3
Risk pattern Confidence Compliance
pattern pattern

Figure5. Regulatory strategy of the unified EMC assurance.case
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Regardless of the differenworldwide regulatory requirements, various regulations have a generic
requirement of havindgdafe and effective medical devices throughout their lifecycle for their intended
use and in their operating environme@T OP 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 &#112.4 limit the scope of the TOP GQAlidity.

CX1MDspecs provides a detailed definition, description and specification of the medical device at hand.

This includes, amongst others, operatogditions, modes, and configurations in whible medical
device operats, supply voltage, current, power specifications, etc.

C2.1IU (intended use), C2IRJE (intended use environment), C2UB° (intended patient population),
and C2.4U0 (intended operator profile) concretely cover all aspects of the detailed intended use.
C2.1 specifies the intended purpose stated by the mactwirer; C2.2 specifies the home or hospital
2NJ ALISOALE SY@ANRBYYSYyl Ay 6KAOK a5a& 2LISNFGST
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
solutionarevalid. Outside the sharp and concrBtspecified scope, the argumentation and evidence
may have gaps that render the goal as not satisflégtMD remains S&Bvithin the bounds of the
specified contexfor 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
causethe MD to benot S&E.

TheTOP GOAtlaimisvery genericon purposebecausehe top argumentmust considerall hazards,
such as electrical, mechanical, electromagnetic, tetmaintain S&BMD. 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 evideleetedduring the demonstration, and
a judgment can be made as to whethe goalinferred 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 malilp@als with respect to

'xyz hazard'; take the necessary actions to resolve it, such as redesigning the medical device, etc.; and

eventually demonstraté¢hat the MD is S&E, and the claim is true.

The subgoal is further demonstrated by adopting the&kconfidencecomplianceapproach as a

H

(

Wlanufacturer{ G N>} 6 S3eoQ ! a4 2dza A FTASR A-pasedoomplidgnéerestingt (G NI G S

approach and ensurean9a NBaAf ASyd RSaA3aly o8& YMayufadukey 3
{GNF GS38Q FrHEfa FLING Ayd2 WwAal D2FfQs W 2yF¥

NRA &1 & g AGK NB 3 I NR 02 9as5 I NB STFTSOGAQDST
has been achieved to ensure that the matlicdevice is sufficiently EM resiliebéyond the
regulatory requiremets. The confidence goal provides arguments to show that secondary (non
essential) devicdunctional performance is sufficiently maintained despite harsh EMD conditions

K
A
e

S
-y

{
Y

W/ 2YLIX ALFYyOS 321 fQ | NBdzS A 0K G 0dKS as O2YLX A

market.

¢CKAA LINP2SOG KFa NBOSAGSR Freayewdrk/PRogranide f6r Rede8ch andzifovatioh y | YA 2 vy Q¢

Horizon 202@nder GrantAgreementNo. 955.816



(Pubi TERNITY e RNy

VWVWWWWWWY Pagel?

RiskconfidenceO2 YLJ Al yOS 321t a NB TFTdz2ZNHKSNJ RS@PSt 2LISR | &
WY/ 2y FARSYOS LI GG SNY Gnd theiginier-raddtichahipl rdveagddsSng imbdiilal S NI/ Q
extensionsof GIN LYy LINAYOALX S SIFOK 2F (GKS GKNBSInLI G4 SNJ
parallel However,the focusin this documentA & 2y RS@Sf 2Ly 3 GiKdtailw/ 2 Y LI
showing interrelationships with the other two patterns’hisdeliverableis 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 caatepn 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 extensionathin EMC assurance cagatterns

The modular extensions are introduceithin the compliance pattero show interrelatedarguments
within the risk-confidencecompliancepatternsfrom the viewpoint of the compliance module.

4.1. GSN modular extensions

As shown in Figs, the GSN Community Stand&i@| specifieghe details of modular extensions. As its
name implies, the various moduseguments areextended to link compliance, risk, and confidence
modules togetherThe modular extensions use elements suchVds g I @ YR B Q02 y 1 SEG QX

F4adzYLXiA2y QX

Wi gl e

modulesthen the oneswhere they aredirectly linkedto.

{goal identifier}

<goal statement>

T 1 {module Identifier}

s
{justification identifier}

<justification statement>

ﬁontext identifier} \

<context statement>

2dza0ATAOIGA2Y QX

/_N
{assumption identifier}

<assumption statement>

T {module Identifier}

T 1 {module Identifier}

<solution statement>

{solution identifier}

£ {module Identifier}

T3 {module Identifier}

Figure6. GSN modular extensions

4.2. Applying modular extensiomsthin the compliance pattern

WI gih @éhera 2 f dzd A :

Showing compliance with all applicable EMated regulatory requirements is part of the compliance
module.During the certification stage, manufacturease no longer in the design phase; henttee
device is as is. Thereforeefore making the decision to start compliance testiiigs necessary to
argue that objective evidencis availableghat risks have been adequately managby the design
which is actually the aim of the risk modufes wellthe confidence module has already implemented
the necessary measures within the design.

As shown in Fi@, the modular extensions are used to argue and identify separate concerns of the risk

Yy R

02y TARSYOS
AYGSNNBE I GA2YyaKALQ

Y2 RdzZ S&az

gAlK

0dzi FNRY
iKS

0KS
02 YLX A Ieyitichtionyd R dzt S @

GASGLRAY

regulatory compliance requirements such as GSPR from MDR2017/745 is the concern of the
compliance module. However, it is due responsibility of the manufacturanadysehe risk associated

with the identified GSPR, andsagn 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 coweglia
module are not available within the risk and confidence modules, then the argumentation is false.

¢ KA A&
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Identification of inter-related risk-compliance arguments

M1
"|Risk pattern

 —
M2
nConfidence Identification of inter-related confidence-compliance arguments
pattern
——
Main module
(Safe & effective

medical device) Use of modular extensions to show identified inter-related arguments

within the compliance case pattern

e Mo Voererereemeeeseesseeees

: A o A 3
§ ﬁ@a??\ Away  \away P Away Away ‘Away J |
contex assumption|| ;,,stification context assumption justification
i |E= Confidence ‘onfidence || = Confidence | | | E | _Risk :
: T

T I T Risk —Risk |

Compliance case pattern for medical devices

Compliance
pattern

I

Away
solution

Figure7. GSN modular extensions application to develop a compliance pattern for medical devices

Away
solution

I Confidence

The use of modular extensionsaisvay to link contextual information and evidence from the risk and
confidence module within the compliance moduleé modular arguments are notinked wherever
necessary, the it might lead tocompliance argumentation with missing information andufficient
evidence or, in the worst case compliance testing failureManufacturers never wantompliance

testing failureto avoidadditional coss of testing anddelays in the MD approval procesand timeto-
market
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5. Standardized EMC assurance case patterglédral regulatory
requirements

Pattern: Compliance strategy for global regulatory requirements for medical devices
Compliance Goal
Demonstrate that the
MD complies with all
applicable regulations
for the intended
markets
m
Details of system J4
requirements specifications Compliance strategy Adherence to the
(SRS) of the regulations for Apply applicable applicable regulations
the intended markets regulations for the is mandatory for
= Confidence module intended markets market approval within
the intended market
J
NonMDgoal CEgoal FDAgoal NMPAgoal
MD complies with more MD complies with the MD complies with the MD complies with the
specific requirements MDR 2017/745 FDA regulatory NMPA regulatory | __________.
set out in the other regulatory requirements requirements for the US requirements for the
regulations and for the EU market market Chinese market
directives.
:
S1-MDR S1-FDA S1-NMPA
Identify the regulatory Identify the regulatory ldentify the regulatory |
requirements of the requirements of the requirements of the
MDR 2017/745 FDA regulation NMPA regulation
MDRgspr FDAreq NMPAreq
Show MD complies with Show MD complies with Show MD complies with
all applicable General the EM related the EMrelated | 77777777
Safety & Performance essential requirements essential requirements
Requirements (GSPR) of the FDA regulation of the NMPA regulation
of MDR & <
PN

Figure8. Pattern: Compliance strategy for global regulatory requirements for mediésates

As shown irFg. 8,arguingthe W/ 2 YLI Al yOS D2FfQ FNBY Iy | NOKAGSO
medical device manufacturer (MDMhould know and understand ahead of time the intended markets

he wants to acces#n this way the countngspecific regulatory requirements can be accommodated in

0KS RSaA3dy LKIFIAS AdGaStFo ¢2 | NHdzS (GKA& TFdzNI KSNE
regulations for the intended markets.

Without adhering to the applicable regulations, it is not possible to put the MD on the market, as
2dzaGATASR o0& WnX yR (KIF{iQa ¢gKeé GKAa aliNydS3e A
might need design iterations to incorporate the reaganrents of the respective country if this strategy

is not followed.
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For example, some markets have very specific local regulations with regard to the power system
specifications (230 Vac, 110 Vac;Z Vac, etc.) that need to be taken into account from an EMC
perspective. Furthermore, to avoid those unintended desigmatiens, it is wise to scope this
WwOZYLIX ALFLYOS &GN} GS3eQ &aaAadayaya I Wrglte 02y GSEND
specifications (SRS) with regard to intended market requirementsthei? O2 y FA RSy OS Y 2 Rdz

¢tKS W/ 2YLX AlIYyOS aidNIXiS3eqQ Aa RSO2YLRASR FT2NJ GKS
with respective regulations such as CEgoal (that complies with MDR 2017/745), FDAgoal (that complies
with FDA regulation), and NMPAgoal (that complies WithPA regulation), respectively. Additionally,

it also covers all applicable ndiS RA OF £ £ S 3 A & t)l(elyA Maghindry Reguiitiom) Siich |- f

will be discussed in a later section.

To achieve CEgodhe strategy SMDR identifies the regulatory requirements of the MDR2017/745,
which are basically a set of Efdlated 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 strate§ibs @hd S1
NMPA identify EMelated essential requirements and further argue to comply with the stated goals
FDAreq and NMPAreq, respectively.

Furthersectionsin this ddiverablefocus 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 wibdrior
FDAreqg and NMPAreq goals remain undeveloped. Moreover, there can be other underlying
argumentation for other intended countrgpecific regulations (represented by dotted lines within the
pattern).
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6. Sandardized EMC assurance case patternsddification of
medical devices under EU MB®L7/745

6.1. EU MDR GSPR relatedEtd emissions and immunity

Fig.9 shows thattheY't Ay Of FAY 2F GKS abw HAMTKTNp. A& G2 v
DSYSNYft {IFSiGe& YR t SNF2NXI YOS wSljdZANBYSyi OD{t
perspective, applicable GSPRs listed in C3 are articles 14.2(b), 18.5 and 18.6.

To argue compliance to the MDR, itniscessary to go beyond EMlated GSPR to nelaMrelated

GSPR such as mechanical, electrical, etcanatysenvhich among them may or may not be potentially

affected by EMDor vice versa)For example, arguing that the safety concern raised due to mechanical

failure within MD can be due to necompliance of EMelated GSPR, nelaMrelated GSPR, or boif

a validquestion. Such an assessment of GSPR has been done within the risk module, and objective
evidence ofrisk 8 45aaYSyid A& da&ASR L& |y WwWigle [/ 2yGiSEG /4
argumentation approach. This away context also brings into attention the actual applicable regulatory
requirements, among whickomeare influenced by the risk of EMD within the use environment.

From an EM perspective, the eventisafety concerns raised due to EMD are tfiggither it has been
subjected to EMI ofi) K & SEOSSRSR AdGa +tt2606tS SYAaarzy f
separates GSPR concerns into two subgoals: showing compliance with EM immudity(G3PR)
and EM emissions (mMiGSPR). Moreover, separating the regulatory concerns telpske the

argumentation more concrete

C4.1 & C4.2 support @@mGSPR, and C5 supportsEBRaiGSPR.he 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 reducas far as possible the risks agusingeMI, 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 decseghanto showing compliance with article
14.2 (G2Arl4.2b) and with article 18.6 (&818.6). Similarly, the emission GSPR compliance goal has
a next argument to show compliance with article 18.5-&338.5).

WSFSNNAY3I G2 as5wQa FNIAOfSa GAGKAY /ndmI [/ ndHX
articles, the immunity goal is decomposed into-&34.2b and G2\r18.6; and the emission goal is
decomposed into Gar18.5.

¢KS ai0NUzOGdzZNBE 2F akKz2gAy3ad O2YLIX AlFLyOS o6& RSO2YLRA.
used in the next section to show compliance with the standavbiere goals are decomposed into

Wl LILX AOFotS OfldzaSaQ 2F aidl yRI NRao®
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Pattern: EU MDR regulatory requirements (GSPR) related to EM-emissions & -immunity

[ox3
List of GSPRs applicable from

| an EM-perspective from EU
MDR 2017/745, Annex |
-Article 14.2b, 18.5 & 18.6

MDRgspr
Show MD complies with
all applicable General

J5
Compliance with the
MDR's GSPR is the

manufacturer's Safety & Performance Away C2
responsibility Requirements (GSPR) Risk ment details
of MDR

’ for GSPR analysis
AN

——— Risk module

C4.1-Article 14.2b
"MD is designed & manufactured to

remove or reduce as far as possible
risks of reasonably foreseeable
magnetic fields, EM effects,& ESD"

G2-ImmGSPR
Show compliance with the
applicable GSPR related

G2-EmiGSPR
Show compliance with
the applicable GSPR

C5-Article 18.5
"MDs is designed & manufactured to
.| reduce as far as possible the risks of

creating EMI which could impair the
operation of itself or other devices in
the intended environment"

related to 'EM
emissions’

C4.2-Article 18.6 to 'EM immunity’

"MDs is designed & manufactured to
provide a level of intrinsic immunity
to EMI that is adequate to enable
them to operate as intended"

G3-Ar18.6
Show that applied
methods or solutions
are complete to cover are complete to cover are complete to cover
GSPR from 'Article GSPR from 'Article 18.6 GSPR from 'Article 18.5
14.2b of MDR' of MDR' of MDR'

P FaN pay

G3-Ar14.2b

Show that applied
methods or solutions

G3-Ar18.5
Show that applied
methods or solutions

Figure9. Pattern: Compliance strategy for global regulateeguirements for medical devices

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

Fig.10separates individual conceraboutEM emission and immunitffhe 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, analyseand apply the methods or solutions to cover them individually. Howeaealysing

and applying methods or solutions is not within the scope of the compliance module; all those
decisions arenade during the risk analysis stage and design stage.

CANRGEEY (GKS Fylfeara (2 OKz22aS |LILJXASR YS(iK2R3
ALISOATASR AY tIX(dJS{@OzQIféRt@QZVdJ?I(ES RSaA3aAy AYLI SYSydl i
2NJ a2fdziAz2ya o6AGKA 0KS W/ 2yFARSYOS VY atrdate8 Q | & 2
in the next sectiorpattern).
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Pattern: Separate concerns about EM immunity & EM emission related GSPR

Away C3
The analysis and list

of applied methods or

G3-Ar14.2b

Show that applied
methods or solutions

solutions to cover

are complete to cover

G3-Ar18.6

Show that applied
methods or solutions
are complete to cover

EM-related GSPR

['—— Risk module

Cé

Safety aspects include
'safety’ and 'clinical
performance’

c7

Performance aspects
include 'non-clinical
performance’

c8

EM immunity affect safety,
clinical and non-clinical
performance

Complying with EM immunity-related GSPR articles

GSPR from 'Article
14.2b of MDR'

GSPR from 'Article 18.6
of MDR'

S2 S2

Separate GSPR into safety Separate GSPR into safety
aspects (safety & clinical aspects (safety & clinical
performance) & (non- performance) & (non-
clinical) performance clinical) performance

co

EM emissions affect safety

and clinical performance

Complying with EM emission-related GSPR articles

G3-Ar18.5

Show that applied
methods or solutions |
are complete to cover solutions to cover
GSPR from 'Article 18.5 EM-related GSPR

of MDR' [~ Risk module
2~

Away C3
The analysis and list

of applied methods or

G4-Safety

Show that the 'safety
evidence with regard to
EMD' is satisfactory

¢ KAa

FigurelO. Pattern: Separate concerns about EM immunity & EM emission related GSPR
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As claimed in GArl4.2b, G3Arl18.6, and G&rl18.5, when modular arguments aseldedto the
compliance module, the argumentation itssliouldbe convincing enough anshould notleave 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 toveo emissions and immunity GSPR or not.

To comply with EM immunityelated GSPR articles (B814.2b, G3Ar18.6), the strategy S2 dissects
WDSYSNIf {FFSie YR t SNF2NXIyYyOS wSIldANBYSyGaqQ i
that methods or solutions are applied separately to addessssions and immunity aspects.

2 A0KAY (GKA&a &adN)rGS3es GKS al¥Sde awsoda O20SN
LISNF2NX I yOS I a0 0G0 02 ASNFRYWyF vy OSQ> |a RSGFAT SR
Moreover, ¥y HY A YA OF f LISNF2NXI yOSQ NBFSNER (2 aSO2yRI NE
device that are separate from and cannot induce unacceptable risks to the clinical intended use of the
medical devicee.g, a function to copy lowesolution nonclinical images to a memory stick after a

clinical ppcedure to provide to a patient as a courtesy service. Refer to paragraph 6.5 for further
clarification of the termigerformance2

Additional rationale behind the strategy selection is also provided in the next section. Moreover, EM
immunity affects safety, clinical and nafinical performance, as detailed in C8, but how those are
dealt with separately applying S2 is discussed imthe section.

To comply with EMmissionrelated GSPR articles 18.5 {638.5), appropriate methods or solutions

FNB Fylrfel SR (2 O2@0SNJSYAaarzy D{tw gA0GKAY GKS N
C9 specifies that the EM emissions predominantly affect the safety aspe@ningesafety and clinical
performance rather than no®Wt A YA OF f  LISNF2NX I yOST UGKSNBTF2NB>Z A
SOARSYOS 4AGK NBIIFINR (2 9abs5Q -aiaF GaSleionds FIaBly20NGR I 2
provided that the emission limits are below the allowable limits.

6.3. Separateconcerns about safety & performance to address EM immunity
GSPRs

At the first level, regulatory GSPR concemilated to emissions and immunity are separaiadhe
above sectionsNow, at the second levedhown in Fig.1l>x WDSY SN} f { I F¥Sde I yR
NBljdANBYSYyd&4Q I NB FdNIIKSNI RAA4S0GSR Ayidz2 walFs8d
purposes:
1. To apply methods & solutions to address ENated GSPR, it is first necessary to separate
concerns about safety, clinic&lnon-clinical performance, as justified in J6.
2. To separate performance into safetglated clinical performance and nesafety-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

Asargued in the last section, the strategy falls apart into safety and performance related subgeals: G4
safety and GHperformance goals that show safety and performance evidence with regard to EMD are
satisfactory
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J6
To apply methods & solutions
to address EM-related GSPR,
it is first necessary to
separate concerns about
safety, clinical & non-clinical
performance

J7.
To separate performance
into safety related (clinical
performance) & non-safety
related (non-clinical
performance)

C10

List of clinical
performance that
directly 'impacts safety"

safety aspects (safety

S2
Separate GSPR into

& clinical
performance) & (non-
clinical) performance
AN

G4-Safety

Show that the 'safety
evidence with regard to
EMD' is satisfactory

Pattern: Separate concerns about safety & performance to address EM immunity GSPRs

J8.
There are typically
standards (methods or
solutions) to address
safety & other standards
or specifications to
address performance

C11.1

List of non-clinical
performance that does
'not directly impact
safety’

G5-Performance
Show that the
'performance evidence
with regard to EMD' is
satisfactory

Figurell. 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-olimical performancewthen(i K A &

safety).

R2Sa

yQia A

Detailed argumentation to achieve safety with regard to EMD and performance with regard to EMD is

explainedseparately withirfurther sections

CKAA LINR2SO0 KI a
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6.4. Strategies to achieve safetyth regard to EMemissions &mmunity

Medical device manufacturermMDM) very often address systetavel 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
FlLAfdINBD ¢KSNBEF2NBS 6KAES | NHdzA y 3 -safety)dhé 8afety & I FS G &
evidence with regard to other systetavel risks shold already beproperlymanaged as specified by

0KS Wl gl & | a&hdaskiiotideyas showe in £iF.21 It means systerevel risks are

acceptable in normal conditions without EMD influences. This assumption should be the baseline of
WDal T $thedwdxd, 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-$&¥ty). The standards are chosen as
specified within contextC12, where preference is given first to the harmonized standards (HS) if
available, otherwise noharmonized (nonHS) standards if available, and otherwise manufaeturer
defined standards. To achieve the -&#fftey goal, the MDMs have the choice to use oneghaf
strategies among SHS, S ionHS, or S®wnS.

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 relatedreldét

D{twd ¢KS Wl gleé& O2yiSEtsEMremn@d GSRR cévergkbg HBEMSdnd Y 2 R dzf
GKS YIydzFl OGdzNBNRa 26y a0l yRINRaA® ¢KS Wl gl & 2dzl
and measures are implemented to address safety with regard to EMD within the confidence module.

It is arguedhere 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 (8S) is the default preference by the manufacturer, as it has the legal benefit of a
presumption of conformity with the ENESPRs of the MDR it covers, as justified in J9.

Theuseofnon { YR GKS YI ydzFI Ol dzNB Wdarithe H$ goes'tiekist & NRa
cannot be fully applied or HS doesn't cover all risks related to applicable GSPR, as justified in J10.
Moreover, choosing SBonHS and S®wnS, loses the legal benefit of a presumption of conformity, as

detailed in C13.

Additionally, context C14 further supports the argument to sisategyS30wnS; it is preferred to use

when both HS and neHS do not exist, so the manufacturer has to define gviggrietary standard

2LISNF GAy3 LINPOSRAINBUD ¢KS YI ydzFl Ol dzNDpiofidtary2 6y & G |
standards, standard operating procedures (SOP), etc.

S3HSK I a | @&eRaf@yHet i WI (hatlthdBRIzSmiplies with the applicable HS for 'safety
with regard to EMD' and is argued in detail in the next section.
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Pattern: Strategies to achieve safety with regard to EM-emissions & -immunity

c12 Away J1 J
Based on availability, choose EM design techniques &

standards (applied methods or
solutions) in the order of
'harmonized', 'non-harmonized’,
or 'manufacturer-defined'

measures are
implemented to address
_| safety with regard to EMD

G4-Safety

Show that the 'safety F——Confidence module
evidence with regard to
EMD' is satisfactory Away A1 A

List of EM related GSPR
covered by HS,non-HS &
manufacturer own standards|

System-level risk
not related to EMD are
already managed

—- Risk module

F—— Risk module

Cc14
'External standards' do not

J9.
Compliance with HS

standards (HS)

G6-SafetyHS

MD complies with the
applicable HS for
'safety with regard to

gives a presumption @  Choices exist, so the manufacturer
of conformity with the has to define his "proprietory
EM-GSPRs of the standard operating

MDR it covers procedure’

S3-HS S3-nonHS S$3-O0wnS

Use applicable Use applicable Use

harmonized non-harmonized manufacturer-

standards (non-
HS)

defined
standards

J10.
This strategy is
chosen because
the HS doesn't

C13
This strategy loses legal

=l exist or cannot be benefit of a presumption
fully applied or HS of conformity
doesn't cover all
GSPR
J
Figurel2. Pattern: Strategies to achieve safety with regard to-&fissions &mmunity.
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6.5. Strategies to achieyeerformancewith regard to EMemissions &mmunity

5SFAYAY3I (K 021 2F GSNY
K

S a TS
GKS aidlyRINR OK2aSys (KS

Pattern: Strategies to achieve performance with regard to EM immunity

Cc19
HS doesn't exist to
cover this
performance c11.2
Performance is related to the
Cé ' manufacturer's specified
Safety aspects include G5-Performance '‘product quality' and 'not safety'
safety' and ?I|n|cal Show that the
performance , .
performance evidence
c7 with regard to EMD' is J
satisfactory EM design techniques &
Performance aspects measures are
include ‘non-'clinical »| implemented to address
performance performance with regard
T to EMD
. - F——Confidence module
List of non-clinical
performance that does
'not directly impact safety’ & Choices
S3-HS S3-nonHS $3-OwnS
Use applicable Use applicable Use
harmonized non-harmonized manufacturer-

defined
HS) standards

standards (HS) standards (non-

c20

. o G7-EMperf_nonHS
Immunity performance criteria

is determined by the
specifications & information
provided by the manufacturer

Show MD complies with
IEC TR 60601-4-2 for
'EMC for performance’

VAN

¢ KAa

Figurel3. Pattern: Strategies to achieve safety with regard to-&fissions &mmunity.
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As shown in Fig. 13ontext C6 cledy statesthat clinical performance is basically the essential
performance of the MD, and it is covered tye EMC safety standard (IEC 60602).

However, in this section, the performance is ndimical 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 quaktyd '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 annoyareto the users, and customer satisfaction gets affected, but it does not cause medical
procedures in a negative way to raise any safetated concerns.

The main claim here is G%erformance to show that ‘performance evidence with regard to EMD is
arGAaTrOG2NREET YR O2yGSEGA /cX /173 [/ mmX FYR [ Mm@
module, support this claim.

Wi gle 2dAGATFAOIGAR2Y WHQ 2dza0AFASE K2g GKS LISNF2N
The subgoalG5 validates and provides performance evidence against the measures implemented
within the design.

To achieve the Gperformance goal, the MDMs have the choice to use one of the strategies among
S3HS, S3onHS, or S®wnS. However, it is important to argue here that there ishaomonized
standard HS to cover it under MDR, as specified in C19.

But there exists notdS IEC TR 60682 to cover the performance with regard to EMD. Therefore,
strategy SzhonHS is used and has a subgoal thgueststo show MD compliance with IEC TR 66601

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 themanufacturer 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
higherlevel regulations to the lowelevel standards.As shown in Fig.4]l the argumentation
demonstrateshow safety compliance with regard to EMD is shown using applicable HSs. Therefore,

the mainargumentss NE AKAFOISR y2¢ 2y gl NRa (G2 akKz2g wal F¥Sae
WD{tw O2YLIX AlFIYyOSQ 2F NBIdA I GA2yad

¢KSNB |t NBI Re SEA&G RSRAOFGSR 1 { & I#XNvea { TS 4 aNBEHASI
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 theiaDffournal of European Union (OJEU)

under MDR 2017/743EC 60604 is the parent HS for safety, also called the basic or generic safety
standard. IEC 606€&-xx is a series of particular standards for particular types of MD, also called
productspecift standards. For example, IEC 60813 is the particular standard for the angiographic

X-ray system.

¢CKAA LINP2SOG KFa NBOSAGSR Freayewdrk/PRogranide f6r Rede8ch andzifovatioh y | YA 2 vy Q¢
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As argued in C15, when it comes to the selection of applicable HS, preference is always given to the
productspecific standard (IEC 606@%x) if available; otherwise, preference is given to the basic
standard (IEC 60661).

The generic strategy to comply with any standard is to find out the relevant clauses of compliance.
Therefore,strategy S4 identifies an EMIlated safety claus@n the applicable HS. The strategy tes
dadzod2Pbaawmie ot I dzaSQ GKI G | N¥ediicsafdyiclauses'avBhin e Y LI A S
applicable HS.

It's quite hard to argue about how to find the Eddfety clauses in the different normative references
that are available at different levels of the hierarchhpm the lowekrlevel particular standards to the
higherlevel basic standards.

¢CKAA LINP2SOG KFa NBOSAGSR Freayewdrk/PRogranide f6r Rede8ch andzifovatioh y | YA 2 vy Q¢
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Cc15

The selected HS listed in
the OJEU under MDR
2017/745 must follow
order as:

1. Product specific or
family (IEC 60601-2-x) or
2. Generic standard (IEC
60601-1)

C16

Details of EM-related clause
(e.g., 201.17) within IEC
60601-2-x that refers to
clause 17 of IEC 60601-1

Cc18

Details of additional applicable
clauses (e.g.,202.101) for
deviations in EM-requirements
within other IEC 60601-2-x

Pattern: Safety clauses with regard to EMD within harmonized standards

G6-SafetyHS
MD complies with the
applicable HS for

'safety with regard to
EMD'

S4
Find EM-

related safety
clauses from

applicable HS

G9-EMSafetyClause
MD complies with 'EM-

specific safety clauses'
within the applicable
HS

Cc17

Clause 17 of the basic
standard (IEC 60601-1) has a
normative reference of IEC
60601-1-2 to cover EMC for
safety requirements

G10-EMsafety

Show MD complies with
IEC 60601-1-2 for 'EMC
for safety’

G10-addSafetyClauses
Show MD complies with
'additional applicable
clauses' within IEC
60601-2-x

VAN

<

Figureld. Pattern: Safety clauses with regard to EMD within harmonized standards

To ease thisomplexity, the generic argumentation of &MSafetyClause looks for:
1. Firstly, from the applicable particular HS, identify the-Ee\ted clauses and other normative
(cross) references that point towards basic standards and others, as specified in C16.

IEC 60602-E E

LINBE&ONR OGS A

clause 17 of the basic standard (IEC 6685D1

¢ KA A&
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Additionally, IEC 60662-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 6066€1-2, as specified in C17.

3. CKANRE®ZT FTNRY W20KSNI | LILIX AOFo6tS 4idatedi A Odzt | N
requirements, as specified in C18.

The clauses in contexts C16, C17, and C18 make it cleduttisr argumentsshould meet those

Of dzaSad ¢2 R2 (KAAX BdaadLBtSAREQ AdyKiA20 Ki ¢Cof | aAdyoad 2Ail2f 3
the EMC collateral standard (IEC 604032); andWD#M /R R{ I T S (mbichf claidzs ® ®e in

compliance with the extra EMafety clauses. This clause has deviations in the EM requirements, such

as additional immunity requirements for essential performance of the medical devices, etc.

¢tKS 3J2 RRWD®M&A G &/ fundzéeBedvithi isgagend ¢ KS Dalafl FEOiNQ A &
argued in detail in the next section.

6.7. 'EMC for safety' compliancEMC collateral standard IEC 60864

The lower level of argumeation makes itmore simpleto follow safety requirements within standard

in comparison to highelevel argumentationto follow complex requirements of regulations. It is
already quite evident from the above section (C16, C17, and C18) that the EMC collateral standard (IEC
6060%1-2) is an integral part of the particular standard as well as the basic standard.

Thestrategy S4 discussed in the earlier sectiemds eventuallyi 2 G KS & éxa®a [FS WM i K |
argues safety compliance with regard to ENIB shown in Fig15 and 16

The context C19, C20, C21, C22, and justification J10 suppeBENdfety. Additionally, the modular
away assumptions from risk and confidence module also define the scope of this goal.

While arguing compliance with IEC 60602, the assumptions are:

1. WI gl & | &a dzY LJihg #Bis mddweQrhe¥riskR agsessment must have delivered
performance criteria, operating modes, test methods, etc. which are the main compliance
requirements.

2. Wl gl & | &a dofriLthie kchfilentean@dule 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 wilbreak down with missing information andgaps in
documentation

¢CKAA LINP2SOG KFa NBOSAGSR Freayewdrk/PRogranide f6r Rede8ch andzifovatioh y | YA 2 vy Q¢
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Away A2 A
he risk assessment

delivers performance
criteria, operating modes,
test methods, etc. needed
to show compliance

F— Risk module

Evidence is available that
appropriate EMC design
technigues & measures
have been implemented

| ' Confidence module|

c21

The scope of IEC 60601-1-2
is to comply with basic safety
& essential perfarmance by
managing the risk of EMD

AMD2020 (risk management
requirement, etc.)

AMD2020 (Emission
requirements)

c27

Clause 8 of IEC 60601-1-2:
AMD2020 (immunity
requirements)

c28

Clause 5,6,9 of IEC 60601-1-
2: AMDZ2020 (Technical
documentation requirements)

<+

Cc25
Clause 4 of IEC 60601-1-2:

C26
Clause 7 of IEC 60601-1-2:

G10-EMsafety

Show MD complies with
IEC 60601-1-2 for 'EMC
for safety’

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

c22

'Basic safety' requirements (e.g.
unintended X-ray generation,
geometry movement due to
EMDs, etc)

c23

[+ Details of essential
performance requirements

C24

G11-EMclauses
Show that compliance

clauses from IEC
60601-1-2 are fulfiled

| Compliance covers the MD with
all accessories, subsystems,
configurations & options

 —

Away C6
Emission & immunity test
requirements have been

defined

—— Risk module

Away C7
Immunity monitoring

methods have been
defined

— Confidence module

C29
| Test plan document

Figurelb. Pattern: EMC collateral standard IEC 608@ for 'EMC for safety’ compliance

x ¥ %

+ *
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Context C21 highlights the scope of IEC 6a6@1 which is to comply with basic safety & essential
performance by managing the risk of EMD.

[Publid

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 anadhisspondgo the clinical
performance and not nowlinical relatedunctional performance

Context C24 specifies that compliance should cover the MD with all accessories, subsystems,
configurations & options.

Compliance with IEC 606Q12 gives a presumption of conformity with the EMBSPRs of the MDR it
covers.

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

G11-EMclauses
Show that compliance
clauses from IEC
60601-1-2 are fulfiled

G12-Riskmanagement
Show compliance with clause
4 (risk management
requirements)

G12-EMemission
Show compliance with
clause 7 (emission
requirements )

G12-EMimmunity
Show compliance with
clause 8 (immunity
reguirements )

G12-TD

Show compliance with
clauses 5,6,& 9
(technical
documentation

requirements)
~

Sn1
Risk

management
file

T

Sn2

Emission
test reports

Sn3
Immunity
test reports

Snm
Overall technical
documentation

Figurel6. Pattern: EMC collateral standard IEC 608@ for 'EMC for safety' compliance
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Yp@mal FSGeQ KI &9al0faddamBAaf (BDMMIAEdZS 02 YiZftarel y OS O
fulfiled.

/| 2yGSEG& /HpE /HcE [/ HTZ /HYZ FYR /nHp L& 68ttt &
O2yGSEG /7TQ FNRY O2y F-EMCBYS&S Y2Rdz S4aX adzLILR2 NI Dwmw

IEC 60601-2 prescribes concrete compliance requirements within different clauses. The recent
version of IEC 606€e1-2:AMD2020 has risk management requirements within clause 4 (C25), emission
requirements within clause 7 (C26), immunity requirements witbiause 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
YSEG | NBdzZySyid &aK2dzZ R 0S5 (92 aF ESTRIQf AGEK 238 At AdyaEl
G12_riskmanagement, G12_EMemission, G12_EMimmunity, &T®1® 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 pédarringto 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 t@ur attention that both the risk and confidence modules never deliver the evidence fully
but support complianceertificationand deliver the safety evidence fully after successful verification
only. The risk modulanalyseshe applicable safety requirements specifications, and the confidence
module implements safety design specifications to achieve sufficient resilience with regard to EMD.

On a very abstract leveds shown in Fig. 16e safety evidence with regard to EMD would be BMC
risk management file (Snlgst reports of emission and immunity testi@n2, SnB the Declaration
of Conformity (DoC), technical documentatig8nn) that includes away solutions such as risk
management file, EMC design techniques and meast&fds; systenrtevel rationalegtc.
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7. Standardized EMC assurance case pafternon-medical
legislations applicable to theedical devices

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

NonMDgoal

MD complies with more
specific requirements
set out in the other
regulations and
directives.

S5

Analyze applicability
of the other directive &
regulations for more
specific EM
requirements

J11
The RE-D is
applicable to the
MD because atleast
one radio product is
part of it &
permanently affixed

G13-RED G13-MR
MD complies with the MD complies with the
more specific EM more specific EM
requirements of the requirements of the
Radio Equipment Machinery regulation
directive 2014/53/EU 2023/1230

N AN

C31

List of essential health &
safety requirements (EHSR)
(e.g., EHSR 1.2.2 (control
devices) partially covered by
GSPR 14,17,18,20 & 21.3

Figurel?. Pattern: ‘Nonmedical legislation' EMD requirements for medical deséafety.

In general, there are other nemedical directives and regulations apart from MDR 2017/745rieag

be applicable to medical devices to address separate concerns. IEC-B®601R2 Say Qi LINR OA |
normative references related to the other applicable regulations and directives. Therefore, the
additional, more specific requirements with regards to EMD sgetby other noAmedical legislation

' NB F NBEdzSR ¢A-6 REEHEINFigb 2y a5
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Depending on the medical devicés question it is necessary tfirst analysethe applicability of the

other directives & regulations for more specific EM requirements, as argued by strategy S5.

Strategy{ p FI f f a | LJ NIw 9y 20 24 daokR2al {2 YWIivior Yy OS A GK w
2014/53/EU; similarly with Machine Regulation 2023/1230, and so on. The godRED Zxists t

leastone radio product is part of the MD & permanently affixed, as justified in J11.

The machinery regulation has essential health & safety requirements (EM®Rs someof 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 gddRGDBnplies with the

list of applicable EHSR detailed in C31.
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8. Conclusion

The goal structuring notationis usedo graphicallypresent all elements in the argumentation on why
amedical device is safe and effective in the presence of EMBatedmed to comply with thgeneral
safety and performancesquirements of theEU MDR 2017/74% unified EMC assurance case with
risk, confidence, and compliance soases has been proposed to argue how risks related to EMD are
sufficiently managedtbefore a medical devic® BMC certificationTheentire 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 @naMD
correspondingcertification evidenceThe developedtandardized EMC assurance case patterns for
the certification of medicaflevicescan bel LJLJX A SR (12 @I NR 2 daich a8 MIRPO | §
board sensing platfors) Angiographic Xay systemsMedical imaging systenbut also simpler home
medical devices like e.g. a blood pressure or heartbeat rate measurement detcé. is explained

how this approach can make the medical deiedificationprocess more efficient and how it halp
regulators, Mtified Bodiesand stakeholders.

S| d
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Appendix Aimportant 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 throughthietdeliverable

1. W{IFFTSGeQ A& FTNBSR2Y FTNRY dzyl OOSLIilI 6fS NRa&j

2. WL FTIENRQ Ada GKS LRGSYGALFt &2d2NOS 2F KI NY

3. WIIENXYQ Aa (KS A YieldzNfpeogdldr damage t8 Sopértg or th&eBvironment

4. WwAad1Q YSIEya GKS O2Yo0Ayl A2y 2F (GKS LINBOFOATLACL
harm;

5. Wt SNF2NX¥IyOSQ YSIya GKS loAfAGe 2F  RS@AOS
manufacturer;

6. WLYGSYRSR dza8S 2NJ AYGSYRSR LlzN1}2aSQ A& (KS dza$

specifications, instructions and information provided by the manufacturer.

7. WwAadl YFYylF3SYSyadQ Aa GKS aeadSYFGAaAO FLILX AOKGA 2

to the tasks of analysing, evaluating, controlling and monitoring risk

8. WwAial lylfearaQ Aa GKS a2adSYrdAaO dzasS 2F | O Af

the risk
9. WwAal ldaSaavySyiqQ Aa (GKS 20SNXftf LINROSaa O2YLN
10.0WwAa]l O2yiNRfQ Aa (GKS LINRPOS&da Ay 6KAOK RSOA&A2)

are reduced to, or maintained within, specified levels
11.WYwS & A Rdz £ NA &1 Q I NB Mikasdres haBeYoeeh iyhplgmanted ¥ S NI NA a |

122W9a Sy@ANRYYSYydQ Aa GKS G2GrtAde 2F 9a LKSy2YS$S

13. EMD is any EM phenomenon that could degrade the performance of a MD
14. EMI is thedegradation in the performance of equipment or transmission channel or a system
caused by an electromagnetic disturbance

15W9a/ Q A& (GKS FoAtAGe 2F a5 (G2 TFdzyOlAzy aldaArar¥

intolerable EMDs to anything in that environment
16.W9a SYAaaArAz2yaQ Aad 0UKS LKSy2YSy2y o6& oKAOK 9a

1727WLYYdzyAed G2 9a5Q Aa G(KS FoAfAGE 2F a5a G2 LISNJ

18.W9a NBaAftASYyOSQ ioamdjustisSfunttionid pridr ®, darifig, ar fol®wiray Bn
interference event and maintain it&riticalcapabilities and services even under unanticipated
conditions

19.w9aaSyidArt LISNF2NXIYyOSQ Aa GKS LISNF2NXIyOS 2T

basic safety, where loss or degradation beyond the limits specified by the manufacturer results
in an unacceptable risk
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Aricle 18, b
_ - MDR 2017/745
_ _ _ Regulations in ANNEX |
relation to
T EMIEMC
ANNEX II

Article 19

Article 20

Integral part and
a lex specialis
(Page 2, point 16)

Safety aspects addressed by
EMCD 2014/30/EU

Manufacturer of an
Implantable device

General safety and

performance requirements

Warnings, precautions or measures regard
to reciprocal intereference

General requirements Risk management system

| Magnetic fields

external EM effects
Remove or reduce risks
due to external influences

Design and manufacturing Radiation effects

i radio signal intereference

Product V&V

use of defibrillators

Active implantable
devices designed to remove or
minimise risks due to

HF surgical equipments

while exposed to reasonably

Warnings, precautions >
foresseable external influences

and measures
. While use of the device \. regards to EM disturbances

Results of tests
Electrical safety and EMC tests

Preclinical and clinical data

EU declaration of conformity

CE Marking of conformity

Appendix BMD standards, FrameworRjskand confidence
patterns
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Figurel8. EMrelated regulatory requirements (GSPR) within MDR 2017/745
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Regulation General safety and
MDR - - 2| performance requirements
2017/745 GSPR) with regard to EMD,

A 4

Basic safety and . Essential Device
---->» essential performance |« -- Particular standard | performance _ | performance
. with regard to EMD EN IEC 60601-2-43 requirements ! with regard to
' ) ! EMDs
| | : ! l
! Basic/General | | Collateral standard Technical reports
---- standard L. ENIEC IEC/TR
EN IEC 60601-1-2 ed4.1 (HS) 60601-4-2 (Non-HS)
60601-1 ed3 1 ) (EMC for safety) (EMC for performance)
IEC TR 61000-1-2, IET v 4
X guide 2008 (EMC for . Immunity
Emission functional safety) Immunity for

for safety

P1848 (EM resilience) performance

IEC TR 61000-2-5

x
Basic standards — : - Ba:ic sttmdards
for how to do the ISK managemen
tests 1SO 14971:2019 [for ho‘;‘;‘isdo the]
| |
v v EMC Tests based !

CISPR 11 Harmonics/Voltage on risk assessment EN 61000-4-2, EN 61000-4-3
(EN 55011) fluctuations (Non-standardized, EN 61000-4-4, EN 61000-4-5
CISPR 12/25 EN 61000-3-2 other Non-HS IEC/ISO EN 61000-4-6, EN 61000-4-8

EN 61000-3-3 standards) EN 61000-4-11

Figurel9. Medical device EMC certification standards
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System engineering
(assuring QMS)
Design for EM
Product resilience System level RMP
lifecycle|—»
start
RS j DS j RMﬂ —
Post-
market
feedback
. Risk control
Intended -environment,
-use,-design;and risks measures @ v®
) EMC RMP Risk
EM Compliance ) management
EMC risk process
assessment
‘ results (RMP)
EMC EMC EMC @ .
RMF CBTC RSL ( Risks related
to EMD )
¢ other TD
@ RMF,RSL,CBTC
) Independent
reviews
Updated TD (Final ) N
CoC
EMC]|EMC EMC
RMF
RSJ RMJ W CBTJ Dc’q ch
Abbreviations: Y
QMS - Quality Management System
RMF - Risk Management File Product on the market
RS - Requirement Specifications ¢
DS - Design Specifications
RCM- Risk Control Measures Post-market
RSL - Rationale System Level Surveillance
RMP - Risk Management Process
TD -  Technical Documentation pM5R|
CBTC - Certified Body Test Certificate P':.Stlzet
DoC- Declaration of Conformity mar
CoC - Certificate of Conformity feedback
PMSR- Post-Market Surveillance Report
Figure20. SuggestedEMCProcessappliedo 8 G KS YSRAOFIt RS@GAO0S
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Risk management rationale in IEC 60601-1-2:2020

EM risk analysis
Intended | . . '
+ [Analyse risk caused by \Analyse risk caused IAnalyse risk \Analyse risk [Analyse detalled Define use .
use 1 _reasonably foreseeable by wireless caused by caused by —— environmentas | _E_ _____
;" lenvironments & EMDs communications intentional RF EM proximity magnetic e per subsystem : 1
E equipment lenergy received fields of the device ' .
: EM risk analysis EM risk evaluation
: : . , Update == :
' ! [Identify - Identify Analyse and Performance®] | Poo Estimate risks
i |i |representative .:fnalyse risks ) modulation identify T ) immuntty levels | |ang igentity N
1 |configurations o ubsystems parameters for operating monitoring :ivfijreornl:::ntfor Unacceptable : ‘
different ports modes risks : !
H b metheds different ports ' :
e bvpupuppeyspupspupepsyu it I SRR 1.3 oL S | ;
EM risk control, Evaluation of overall residual risks Overall residual risks evaluation
' : EM risk control implementation EM risk control verification E:i;':t'i‘ocn""""' :
1 H Analyse risk Implement B i ; . i Evaluation of :
i ’ Residual risk ; i I updated tests Immun vajuation o !
____|1i|control options risk control - SIS A overall residual .
evaluation analysis specifications verification H
for unacceptable measures risk acceptability :
risks '

Figure2l. Risk argument rationalbehind IEC 60661-2.

RGE[VE]
risk
evaluation

Verification

yes

Risk
evaluation

Risk
control

Risk/Benefit
analysis

‘ Benefits
Risk '

unacceptable

Figure22. Risk argument rationale

¢KAA LINRP2SOG KIFa NBOSAGSR Fdayekdrk/Plogramiie i6r RedeSch andzM@oldoh y | VA 2 Y Q
Horizon 202@nder GrantAgreementNo. 955.816




(Pubi TERNITY e RNy

VWVWWWWWWY Pagesd

C5

Details of the risk
assessment for the
requirements set out
in the standard

Further argumentation
structure using
GSN elements

Goal 1

G
= Goal
Risks due to EMDs have
been analyzed and Employing
- Module 1
adequately controlled over ———jrisk management Risk Cc S
the entire lifecycle of MD process of ISk case Context | |Strategy

for its intended use and EM 1ISO14971

environment

Al
Assumption/
Justification

C6

Risk control T&Ms
guidance using
-IEEE P1848

Figure23. Structure of the risk case pattern

C6 C7

Risk control T&Ms Details of the
guidance using desired risk level
-IEEE P1848 requirements

Further argumentation
structure using
GSN elements

Goal 2 S2 G

Goal
Sufficient design Employing MOdyle 2
confidence has been EM resilience . [Confidence C S
achieved for EM techniques & case Context | [Strategy
resilience of MD over the measures (T&Ms)
entire lifecycle

Al
Assumption/
Justification

A1
T&Ms prevent errors,
malfunctions,and faults
from making the medical
device unsafe

Figure24. Structure of the confidence case pattern
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AppendixC: NonmedicalDevicesCompliance

The compliance case patterrs the nonrmedical devices are introduced herehhlight the

usability of this research

Top Goal

The equipment complies with
essential requirements of the
EMC Directive (EMCD)

Subgoal

Risks related to electromagnetic
disturbances must be identified
and addressed

10of 3

Choice symbol

|

Subgoal 1

The equipment
complies by applying

Subgoal 2

The equipment
complies by applying
a mixed EMC

Subgoal 3

The equipment
complies by applying a
detailed EMC

harmonized standards
1

assessment
I

assessment
1

(HS)

Route 1
Compliance case
pattern applying HS

'
Route 2

Compliance case pattern
applying mixed EMC

'
Route 3

Compliance case pattern
applying detailed EMC

L

assessment

assessment

Argumentation structure using Goal Structuring Notation (GSN) elements

G C S
Goal Context Strategy

AlJ
Assumption/
Justification

Figure25. Compliance with the essenti@quirements of the EMCD
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C1

Detailed definition of the
equipment and description
of its intended use

J1
Itis the
manufacturer's
responsibility to
ensure
compliance of
the equipment

_lcomplies with essential [ |

C3

Essential requirements
as per Annex | of
EMCD 2014/30/EU
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EMC Directive (EMCD)
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Cc2

Specification of the
equipment's intended
electromagnetic operating

environment

with the essential Risks related to C4
requirements of electromagnetic Details of EMC risks
the EMCD disturbances must be assessment
identified and addressed
J
10f3 4 Choice symbol
Subgoal 1 Subgoal 2 Subgoa_l 3
The equipment The equipment The elt_qutr)nent
complies by complies by COTT;p-IeS y
applying applying a mixed applying a
harmonized EMC assessment detailed EMC
standards (HS) assessment

Figure26. GSN assurance case pattern representing the different routes to argue compliance to the EMCD and supporting
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A1
All requirements and EM
phenomena related to
emission and immunity are
covered by respective HS

C5

List of HS with details of the
essential requirements covered
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harmonized standards
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S1

Argument over
compliance by
selecting relevant
harmonized
standards

G1

The equipment meets
the emission and
immunity requirements
set out in the relevant
harmonized standard
(HS)

J2
Compliance with
the applicable
HS gives a
presumption of
conformity with
essential
requirements of
the EMCD

G2

The equipment
passes all emission
tests specified in
the relevant HS

Sn1

Emission test
reports

Figure27. GSN for compliance capattern with the application of the harmonized standard to gain a presumption of

C6
Test plan document

conformity (Route 1)
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relevant HS
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J3
This route is
chosen because
the HS doesn't
exist or cannot be
fully applied or HS
doesn't cover all
risks
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Subgoal 2

The equipment
complies by
applying a mixed
EMC assessment
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Argument over
compliance
employing partial
use of HS followed
by EMC assessment
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C7

This route loses the
benefit of a presumption
of conformity

G4

G5

The equipment meets
the requirements of
the respective HS
where applicable

Cs8

The equipment meets
the requirements from
the EMC assessment
for those EM
phenomena which HS
does not cover

C9

Details of the EM
phenomena
covered by HS

Details of the EM
phenomena
covered by the
EMC assessment

ﬁv

v
1

Route 1

Compliance case
pattern applying HS

Route 3

Compliance case pattern
applying detailed EMC

assessment

Figure28. GSN for compliance case pattern with the application of the mixed EMC assessment (Route 2)
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Figure29. GSN for compliance case pattern with the application of the detailed EMC assessment (Route 3)
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