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Synopsis:

The European Union (EU) Medical Device Regula-
tion (MDR) 2017/745 sets stringent requirements
for clinical data required in a clinical evaluation,
which affects manufacturers of medical devices in
getting their device approved and with that enter
the EU market. Clinical data can be obtained by
conducting a clinical investigation, which involves a
clinical trial on human subjects. A sponsor has the
responsibility for planning and conducting a clinical
investigation, which comes with 14 challenges
identified through a literature search. Currently, no
tool which can assist in planning a trial design for a
clinical investigation is available to sponsors.

To accommodate this, an initial analytical
basis for a MDR compliant decision support system,
ACIT, is developed, aiming to assist sponsors
in planning and accommodating challenges at a
clinical investigation. Unified Modeling Language
is applied to develop diagrams which serves as
the fundamental elements of ACIT. The analysis
supports an object oriented methodology and
results in user requirements, a use case diagram
along with use case descriptions, activity diagrams,
functional requirements, and analysis class diagrams.
Additionally, two notes are created and included
as a part of ACIT to give sponsors clarity about
specific methods and real-world examples.

Of the 14 identified challenges, ACIT addresses 11.
The remaining three challenges are not addressed
by ACIT, as they are too specific to the device
under investigation. By asking questions, ACIT
prompts sponsors to be aware of and reflect on
challenges, thus providing a stronger foundation for
designing a clinical investigation. The assistance
also includes references to methods and guidance
for planning and handling challenges. ACIT needs
further development, as it currently is in the initial
stages of a software system development life cycle.




Resumé

Forordningen for medicinsk udstyr (MDR) geeldende i Den Europeiske Union (EU) er MDR
2017/745. MDR omfatter strenge krav for kliniske data der skal indga i en klinisk evaluering af
det medicinske udstyr, hvilket pavirker fabrikanter i at fa udstyret godkendt til at komme pa
det europeiske marked. En kilde til at opna klinisk data er ved at udfere en kliniske afprgvning
af det medicinske udstyr, som er et klinisk forsgg der involverer forsggspersoner. Gennem en
litteratursggning er der identificeret 14 udfordringer ved kliniske afprgvninger af medicinsk udstyr.
Disse udfordringer pavirker en sponsor, der er ansvarlig for en klinisk afprgvning. Pa nuveerende
tidspunkt er der intet eksisterende vaerktoj tilgeengeligt for sponsorer, der kan assistere i at

planlaegge designet af en klinisk afprgvning.

For at adressere udfordringerne relateret til planleegningsfasen i en klinisk afprgvning udarbejdes
et initierende analysegrundlag for et beslutningsstgttesystem, navngivet ACIT, som er i
overensstemmelse med MDR. T analysen af ACIT er Unified Modeling Language anvendt
til at udarbejde forskellige typer af diagrammer, som fungerer som centrale elementer i
beslutningsstottesystemet. Analysen omfatter definition af brugerkrav, udarbejdelsen af et use
case diagram der indeholder use cases hvis haendelsesforlgb pracsenteres i use case beskrivelser,
aktivitetsdiagrammer, definition af funktionelle krav samt analyseklassediagrammer. Analysen
understgtter en objektorienteret tilgang, som saetter retningen for den videre systemudvikling af
ACIT. Yderligere er der udarbejdet to dokumenter som er tilteenkt veerende en del af ACIT,
med det formél at give sponsorer klarhed omkring specifikke metoder og virkelige eksempler.

ACIT kan adressere 11 af de identificerede udfordringer i relation til klinisk afprgvninger. De
resterende tre af identificerede udfordringer er ikke adresseret, grundet at disse udfordringer er
for specifikke for det enkelte medicinske udstyr. Ved at stille spgrgsmal far ACIT sponsorer til
at bliver opmeaerksomme pa og reflektere over udfordringer, hvilket giver et steerkere grundlag for
at designe en klinisk afprgvning. Assistancen bestar ogsa af referencer til metoder og vejledning
til planlsegning og handtering af udfordringer. Eftersom ACIT pa nuveerende tidspunkt er i de
indledende faser af systemudviklingen, er der behov for at fortsette udviklingen af ACIT.
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Reading Guide

This master’s thesis consists of a main report with associated appendices and a portfolio in the
last appendix that addresses two problem-based learning objectives. The main report consists of
the essential findings and methodologies, while further information appears in the appendices.

Chapters 1-3 introduce the thesis and address the initiating problem statement and the thesis
statement. Chapter 4 presents and argues for the chosen methods and the methodical approach.
Chapters 5-7 cover the findings and results obtained using the methodology as well as a discussion
of use of the decision support system and its future development.

The Harvard method is used as a reference system. References are cited actively 'Last
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and with page number if refereed to a book. If a reference is cited within a sentence, it refers to
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1 Introduction

Prior to placing a medical device on the European Union (EU) market, the device must
demonstrate conformity with the requirements outlined in the relevant legislation and thus
obtain a Conformité Européenne (CE) marking clearance [The European Parliament and the
Council of the European Union, 2017]. The legislation governing medical devices in the EU is
the Medical Device Regulation (MDR) 2017/745, which supersedes two former directives: The
Council Directive 93/42/EEC for general medical devices (MDD) and the Council Directive
90/385/EEC for active implantable medical devices (AIMDD). The former directives consist
of general rules that each member state in the EU were responsible for incorporating into
national legislation, which consequently led to a lack of consistency in legislation across the
different nations. [Rahi and Rana, 2020] At the beginning of the 2010s, several major incidents
involving medical devices causing harm to patients unfolded, encompassing metal-on-metal hip
replacements, breast implants, and surgical meshes. These incidents stem from poor design, lack
of clinical testing, and insufficient clinical evidence of the device, necessitating the formulation
of a new legislation for medical devices. |Fraser et al., 2021; Bretthauer et al., 2023a| One of the
primary objectives of the MDR is to mitigate risks associated with medical devices, ensuring they
offer benefits, and are safe for use [The European Parliament and the Council of the European
Union, 2017]. The MDR imposes more comprehensive requirements on the regulatory process,
particularly impacting medical device manufacturers [Rahi and Rana, 2020].

A key change from the directives to the MDR is the heightened requirements imposed on
medical device manufacturers for collecting, assessing, and analysing clinical data as part of the
mandatory clinical evaluation process [Kearney and McDermott, 2023]. A clinical evaluation
aims to verify that the medical device, during its intended use, demonstrates conformity with
the general safety and performance requirements (GSPR) based on clinical data that provide
sufficient clinical evidence [The European Parliament and the Council of the European Union,
2017]. However, specifying and assessing the amount of clinical evidence required poses challenges
to manufacturers [Kearney and McDermott, 2023, as no detailed guideline exist due to the
considerable variability among medical devices |[The Medical Device Coordination Group, 2020c|.

One of the sources of clinical data is clinical investigations, which entail conducting clinical trials
on human subjects to gather clinical data on the medical device under investigation. A clinical
investigation is planned, conducted, and financed by a sponsor which is responsible for the overall
management of all aspects of the investigation process, which include creating and updating
mandatory documents, maintaining stakeholder communication, and ensuring compliance with
applicable legislation. |[The European Parliament and the Council of the European Union, 2017]
Planning and conducting a clinical trial involving a medical device presents a multitude of
challenges for the sponsor, potentiality impacting the quality of the clinical data, and thereby
affecting the content in the clinical evaluation [Zannad et al., 2014].

Based on the above, the following initiating problem statement is posed:
What are the challenges for manufacturers and sponsors with planning and conducting a clinical

mwestigation under MDR for a medical device, and are there tools that can support sponsors in
facilitating a clinical investigation?
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2 Problem Analysis

This chapter clarifies what a clinical investigation is, including the challenges for manufacturers
and sponsors along with the consequences the challenges imply. Additionally, tools applicable for
facilitating a clinical investigation are presented.

2.1 Clinical Investigation under MDR

Under the MDD and AIMDD, conducting clinical investigations was not prescribed, even for
high-risk medical devices. It was sufficient that manufacturers could demonstrate equivalence
with a corresponding CE-marked device on the market. [Saia et al., 2023] This entailed that
several medical devices were evaluated through a literature review of similar devices instead of
data from a clinical trial of the device under investigation [Hulstaert et al., 2023]. The MDD and
AMIDD primarily focused on ensuring that the medical device possessed the specified material
qualities outlined by the manufacturer and did not require a detailed risk-benefit analysis for
a large proportion of the devices [Bretthauer et al., 2023b|. Consequently, numerous medical
devices entered the EU market with a negligible amount of or no clinical data directly associated
with the devices themselves [Fraser et al., 2021]. This generated uncertainties about whether
medical devices may be harmful or not, as the effectiveness and safety of the actual device has
not been demonstrated by clinical trial data [Hulstaert et al., 2023]. A need for a new legislation,
which was to be directly applicable across all member states of the EU, arose [Bretthauer et al.,
2023a].

The motivation behind the MDR is to modernise and increase the robustness of the legislation
for medical devices in response to technological and scientific advancements, strengthen patient
safety, and ensure the efficacy of a free market [The European Parliament and the Council of
the European Union, 2017]. Ideally, the MDR leads to increased safety and performance of
medical devices which benefits patients without inhibiting innovation and entrepreneurship, as
well as the possibility of entering the EU market with new and existing devices. However, many
manufactures fear that the MDR will hinder innovation, increase the cost for the development
and approval of devices, and complicate EU market entry. [White et al., 2023; Bretthauer et al.,
2023a)|

MDR, passed in 2017, was planned to come into force on 26" of May 2020, but was postponed
to 26" of May 2021 due to the Covid-19 pandemic [Rahi and Rana, 2020]. The transition period
for enterprises to certify their medical devices, initially set to conclude on 26" of May 2024,
was postponed at the beginning of 2023. The new deadlines are 31*" of December 2027 for
high-risk class devices, i.e class III and implantable class IIb devices, and 31" of December 2028
for lower risk class devices. If the deadlines are not kept within, it has major consequences for
enterprises since both existing and new medical devices which do not manage to be recertified,
and thereby obtain a CE marking, under the new and stricter rules can no longer have the
device on the EU market. [Bretthauer et al., 2023b; Kearney and McDermott, 2023| It is
uncertain whether manufacturers can meet the new requirements before the deadlines, as it is
assumed that the MDR in general has many major consequences, especially for manufacturers
[Bretthauer et al., 2023a; Ben-Menahem et al., 2020]. Numerous manufacturers now encounter
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Aalborg University 2.1 Clinical Investigation under MDR

more stringent requirements compared to the MDD and AIMDD, which include the necessity of
conducting new clinical investigation(s) for medical devices already available on the EU market,
primarily because of absence of a grandfathering clause from the MDD and AIMDD to the
MDR [Bretthauer et al., 2023a).

A clinical investigation is defined in MDR, Article 2(45) as: ’any systematic investigation
mvolving one or more human subjects, undertaken to assess the safety or performance of a
device” |[The European Parliament and the Council of the European Union, 2017|. This means
that a clinical trial of the medical device under investigation performed on human subject(s) must
be conducted with the aim of assessing if the device complies with the GSPRs under the defined
intended use. A clinical investigation is an essential component of an ongoing clinical evaluation
process, encompassing the collection, assessment, and analysis of clinical data pertinent to the
medical device. Results from the clinical evaluation and the clinical data, of a sufficient amount
and quality, yields clinical evidence that the medical device, when used as intended, is safe and
provides the intended clinical benefit(s). The clinical evaluation is conducted throughout the
life cycle of the medical device to ensure sustained safety and performance of the device under
its intended use. Before commencing the clinical evaluation, the claims of the medical device
must be declared by the manufacturer, its intended purpose must be defined, its risk class must
be determined, and a risk-benefit analysis must be initiated.

Clinical investigations are mandatory for many class IIb medical devices, implantable medical
devices, and class IIT medical devices, all representing the highest risk class. Article 61(6)
outlines two exceptions where a clinical investigation may not be required for these devices.
The first exception applies if the device is an updated version, can demonstrate equivalence
to prior market versions, and has received legal approval under the MDD or AIMDD with
sufficient clinical data. The second exception arises when the device is classified as ‘sutures,
staples, dental fillings, dental braces, tooth crowns, screws, wedges, plates, wires, pins, clips and
connectors’ (MDR, Article 61(6)) [The European Parliament and the Council of the European
Union, 2017]. Clinical investigations are not required for medical devices with a lower risk class.
For these devices, it is sufficient to establish compliance through other sources of clinical data.

The different sources of clinical data are given in Figure 2.1.

( Scientific literature ] Post-market

Cl!nlcf:ll L I Peer reviewed reports on other surveillance
Investigation(s) Clinical investigation(s) or clinical experience of the mainly post-market
of the concerned studies of an equivalent medical senEeies oeeieel ceviEn ap clinical follow-up of
medical device device to_the con_cerned an equivalent medical device to the concerned
TR EETIE the concerned medical device medical device

Figure 2.1: Sources of clinical data applicable in a clinical evaluation under the MDR.

2.1.1 Demonstrating Clinical Benefit

A new element introduced in the MDR is the term ’clinical benefit’, defined in the MDR,
Article 2(48) as ’the positive impact of a device on the health of an individual, expressed in
terms of a meaningful, measurable, patient-relevant clinical outcome(s), including outcome(s)
related to diagnosis, or a positive impact on patient management or public health’ [The European
Parliament and the Council of the European Union, 2017]. This tightening of what must
be demonstrated, despite increasing safety for the patient, places additional demands on the
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manufacturer [Wilkinson and van Boxtel, 2020; Hulstaert et al., 2023]. Requiring a medical
device under clinical investigation to demonstrate clinical benefit endpoints aims to prevent the
entry of devices into the EU market that, though not harmful, provide either limited benefits
or lack any clinical benefit for patients. In general, this will improve the available devices and
procedures in European healthcare. |[Bretthauer et al., 2023a] Notably, the MDR states that
endpoints of a clinical investigation must be ’clinically relevant’ to the patient (MDR, Annex
XV, Chapter 1(2.6)) [The European Parliament and the Council of the European Union, 2017].
Debates may arise regarding the feasibility of collecting endpoints that are genuinely clinically
relevant to the patient, given the discrepancies that often exist between clinical trials and the
real-world clinical practice where the medical device is intended to be used. In addition, ’clinical
benefit’ is a broad and abstract term susceptible to interpretation. Wilkinson and van Boxtel
[2020] criticises the need for defining clinical benefit prior to a clinical investigation, noting
that the question of clinical utility often arises after the medical device has been deployed,
i.e. it is not possible to predict all clinical benefits. Additionally, there is ambiguity regarding
what qualifies as evidence that the medical device truly provides clinical benefit for patients
[Ben-Menahem et al., 2020]. Understanding what is really meant by clinical benefit and how to
collect such evidence is one of the challenges for manufacturers [Saia et al., 2023]. However, one
of the biggest challenges for all stakeholders involved in clinical investigations is to determine
what compose sufficient clinical data to meet the requirements in the MDR. Although it is a
known challenge, no detailed guidance exist. [Kearney and McDermott, 2023] Wilkinson and
van Boxtel [2020] predicts that demonstrating clinical benefit on old lower-risk devices that have
never undergone a clinical investigation may lead to disappointment for manufacturers if the
claimed clinical benefit(s) cannot be validated.

2.1.2 Demonstrating Equivalence with a Similar Medical Device

Clinical data can originate from the medical device under evaluation or from a device proven to
be ’equivalent’ to the one being assessed. The requirements for demonstrating equivalence were
not clearly defined in the MDD and AIMDD, but are strengthen in the MDR, which state that
equivalence must be proven across clinical, technical, and biological characteristics, ensuring no
significant difference in the safety and performance of the evaluated medical device compared to
the similar device (MDR, Annex XIV, Part A(3)) [The European Parliament and the Council of
the European Union, 2017; The Council of the European Communities, 1990, 1993]. Proving
equivalence requires a manufacturer to collect sufficient evidence regarding every feature claimed
as equivalent in the similar device. This task is particularly challenging without the cooperation
of the enterprise that owns the other equivalent device, and most enterprises are hesitant to
share such information. [Saia et al., 2023] The required information includes comprehensive
access to the technical documentation of the device which is claimed as equivalent, encompassing
device trial results. [Rahi and Rana, 2020; Hulstaert et al., 2023|

As the MDR imposes significantly stricter requirements for establishing equivalence compared
to the MDD and AIMDD, this leads to substantial implications for manufacturers. In situations
where the manufacturer cannot procure sufficient data to demonstrate compliance with the
MDR, they are barred from using an equivalence case and must instead produce new clinical
data to support their CE marking application. Manufacturers are forced to conduct a clinical
investigation to generate the necessary clinical data for some high-risk and existing medical
devices which came on the EU market under the MDD and AIMDD where they relied on
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demonstrating equivalence. In some instances, the expense associated with generating the new
required clinical data may surpass the potential return on investment, potentially resulting in the
withdrawal of medical devices from the EU market and subsequent device shortages. [Kearney
and McDermott, 2023; Wilkinson and van Boxtel, 2020]

2.1.3 Adherence to Standards

Clinical investigations must adhere to ethical principles outlined in The World Medical
Association Declaration of Helsinki on Ethical Principles for Medical Research Involving Human
Subjects. This standard aims to ensure that clinical trials do not expose subjects to unwarranted
risks and burdens, irrespective of any other positive effects they may possess. [Hulstaert et al.,
2023| Furthermore, it is stated in the MDR that clinical investigations must comply with
the requirements specified in the ISO 14155:2020 - Clinical investigation of medical devices
for human subjects - Good clinical practice. Some of the fundamental requirements in this
standard includes informed consent from subjects, communication with the ethics committee,
and responsibilities of different stakeholders. |International Standardization Organisation, 2020|
Furthermore, depending on the type of medical device to be tested in a clinical investigation,
other relevant standards must be complied with. Some of the most widely used standards are

provided in Table 2.1, though not exhaustive.

Table 2.1: Potentially relevant standards and a brief description of their content.

Standard Description

ISO 14971:2019 Medical devices - Application | Supports manufacturers in managing risks
of risk management to medical devices associated with a medical device across all
phases of its life cycle. This assistance
includes identifying hazards, estimating and
evaluating risks, implementing risk control
measures, and monitoring the effectiveness of
these controls. [International Standardization
Organisation, 2019

IEC 62304:2006 Medical device software - | Establishes the framework for the life cycle
Software life cycle processes of medical device software, including require-
ments for activities involving development and
maintenance. |[International Standardization
Organisation, 2006]

IEC 81001-5-1:2022 Health software and | Is a supplement to the IEC 62304:2006 with
health IT systems safety, effectiveness and | a focus on IT security in the life cycle
security - Part 5-1 Security - Activities in the | of a medical device software [International
product life cycle Standardization Organisation, 2021].

ISO 14708-(part 1-7): Implants for surgery - | Specifies the requirements for active im-
Active implantable medical devices plantable medical devices. The first part cov-
ers general requirements. The remaining six
parts addresses requirements and testing for
various types of active implantable medical
devices, divided by specific characteristics and
objectives. [International Standardization Or-
ganisation, 2014|
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The ISO 14971:2019 is an essential standard which must be followed by manufacturers for all
types of medical devices according to the GSRPs in the MDR, where it is stated that a risk
management system is required. The IEC 62304:2006 and IEC 81001-5-1:2022 are applicable
to medical device software and the ISO 14708 part 1 to 7 are applicable to active implantable
medical devices. In addition to the listed standards, various national and international guidelines
may be applicable. It can be overwhelming to correctly identify, understand, and apply all
relevant standards.

2.1.4 The Variety of Stakeholders and Required Documents

Different roles and responsibilities are assigned to several stakeholders involved in a clinical
investigation. Figure 2.2 provides an overview of these stakeholders and how they interrelate.

A\ Submitted to Submitted to
—
m Approves Application for the Approves

Competent authority clinical investigation Ethical committee

R X0
Carries out P
inspections Collaboration Appoints ‘
+-—
on arandom -

sample basis Manufacturet/
enterprise

Clinical investigation &

Principal

Sponsor

Plans, finance,
conducts, and
manages Reports to

Menitor

Ensures that the investigation is
conducted in accordance with
MDR 2017/745, ISO 14155, and
the clinical investigation plan

&

. > Principal
investigator investigator
at site A Coordinating atsite B

.
m mne
o e M. e
&& é mm investigator "“ ”” I "“ ”" I &é &
Subjects in  Subjects in Subjectsin  Subjects in
intervention control - Intervention control
Coordinates and
group group oversees activities eroup group

Investigators at site A Investigators at site B

Figure 2.2: The relationship among stakeholders involved in a clinical investigation with two
sites.

The most central stakeholder is a sponsor who is responsible for planning, conducting, and
managing the clinical investigation, ensuring compliance with regulatory and ethical standards
while also financing the clinical investigation. The MDR offers a broad definition of a sponsor,
encompassing hospitals, doctors, manufacturers, research institutions, academic organisations,
or any other entity. The sponsor bears overall responsibility in a clinical investigation and
thus has numerous obligations. If not the same person, collaborating between the sponsor
and the manufacturer involves communication on e.g. information about the medical device
and occurrence of adverse events and device deficiencies. Investigators are individuals with
knowledge in patient care. They play a crucial role in conducting the clinical investigation at
the investigational site, e.g. a department of a hospital, where they follow a predefined study
protocol describing how to conduct the investigation. The number of investigators dependent on
the number of sites where the clinical investigation is conducted and the scope of the trial. In
case of a large clinical trial, a principal investigator is appointed. If the clinical investigation
is conducted at multiple sites, one principal investigator is appointed per site. Furthermore,
one coordinating investigator is responsible for coordinating and overseeing activities across
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the multiple sites. An independent monitor is appointed by the sponsor, who must assure that
the clinical investigation meets the requirements of the MDR, ISO 14155:2020, and the clinical
investigation plan. [The European Parliament and the Council of the European Union, 2017]

As part of planning the application for the clinical investigation, a sponsor is required to create
various documents. The clinical investigation plan is one of the most important documents as it
outlines the objectives, design, methodology, and statistical considerations of the trial. Another
essential document included in the application is the investigator’s brochure, which contains
information regarding the medical device under investigation. The application form along with
all required documents must be submitted to the competent authority and relevant ethics
committees for approval. As stated in the MDR. Article 71, it is the competent authority who
has the responsibility of assessing the application. The competent authority must review several
aspects, but most importantly the reliability and robustness of the clinical data, considering
statistical approaches, trial design, and methodological aspects such as sample size, comparator,
and endpoints. |[The European Parliament and the Council of the European Union, 2017]
Although the MDR contains more details and general principles regarding clinical investigations
compared to the MDD and AIMDD, there are no specific requirements regarding the methodology
for how a clinical investigation must be carried out due to the great diversity of medical devices,
which poses a challenge for the stakeholders involved [Ben-Menahem et al., 2020; Fraser et al.,
2021; White et al., 2023].

A clinical investigation can only be carried out if it is authorised by a competent authority
and if the ethics committee has not issued a negative opinion. The results of the clinical
investigation, recorded in the clinical investigation report, contribute to the clinical evaluation
report, a comprehensive document that summaries all clinical data and supports the medical
device’s conformity with the essential requirements. The clinical evaluation report is a part of
the exhaustive technical documentation which the manufacturer must establish to obtain a CE
marking on the medical device. [The European Parliament and the Council of the European
Union, 2017]

2.1.5 Consequences for Manufacturers

Before the MDR came into force, placing a medical device on the EU market was comparably
easier and faster than in the United States of America, but now manufacturers fear that the
reverse applies, as meeting the stringent requirements of the MDR proves more challenging
and time-consuming [Fraser et al., 2021|. A possible concern due to the MDR, is that it will
become unattractive to conduct clinical trials in the EU [Pazart et al., 2021]. Enterprises are
already showing a trend toward scaling back new device development or prioritising markets
outside the EU which have a less restrictive legislation |Bretthauer et al., 2023a; Kearney and
McDermott, 2023]. A survey conducted in April 2022 revealed that out of more than 500,000
medical devices used in the EU, previously certified under the MDD and AMIDD, only around
6,000 new medical devices have been certified under the MDR.. Furthermore, it is noteworthy
that more than 85% of the 500,000 medical devices certified under the MDD or AMIDD have
yet to undergo certification under the MDR. [MedTech Europe, 2022]|

Only now, a few years after the MDR came into effect, are manufacturers truly realising the
magnitude of the regulation [Bretthauer et al., 2023al. The complexity of the regulation can be
daunting and hard to interpret, particularly for start-ups |[Ben-Menahem et al., 2020; Bretthauer
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et al., 2023a]. Comprising around 25,000 companies and constituting approximately 95% of the
MedTech sector in the EU, start-ups and small and medium-sized enterprises (SMEs) are the
ones most affected by the regulation. These enterprises face substantial challenges, primarily
due to constrained resources for regulatory compliance and financial limitations. The regulation
imposes heightened costs for manufacturers, including additional personnel, more extensive
clinical trials, and certification expenses. [Saia et al., 2023; Ben-Menahem et al., 2020; Pazart
et al., 2021| This poses a significant obstacle to the advancement of medical devices, given that
most of the innovation occurs in SMEs |Bretthauer et al., 2023a|. There is a concern that a
reduction in SMEs due to difficult market access affects how many new innovative medical
devices are developed in the EU [Saia et al., 2023].

2.2 Challenges with Clinical Trials of Medical Devices

Before a high-risk medical device comes on the market, it must be clinically tested on patients
under controlled conditions to gather sufficient evidence about the benefits and harms of using
the device [Charlesworth and van Zundert, 2019; Ben-Menahem et al., 2020|. Existing clinical
trials of medical devices have been criticised for generally having low evidence and poor quality.
This also applies to randomised controlled trials (RCTs) which are otherwise considered to be a
very reliable trial design to assess clinical efficacy and yield a great extent of scientific evidence.
Identified shortcomings for RCT mainly concern lack of clearly defined endpoints, short study
period of implants in conjunction with the device having a long duration of use, and small
sample sizes. |Hulstaert et al., 2023; Pazart et al., 2021; Ceelen, 2014| Regulators prefer clinical
evidence obtained through a double-blind RCT due to its high level of internal validity. However,
gathering such evidence is challenging, time-consuming, and requires a lot of financial resources,
posing challenges for startups and SMEs in particular [Pazart et al., 2021; Tarricone et al., 2016].

Some aspects of medical devices pose challenges, making it difficult, impossible, and/or
unethical to conduct experimental clinical trials, unlike pharmaceuticals. Therefore, a one-to-one
methodological approach cannot always be applied. |Fraser et al., 2021; Zannad et al., 2014;
Tarricone et al., 2016] When planning a clinical investigation, it is not always appropriate to
merely reuse design choices from past clinical trials, as each medical device’s characteristics, risk
class, and intended purpose are highly influential on the specific clinical investigation.

The list below presents the most central challenges in clinical trials of medical devices, which
have been identified through the first literature search, described in Section 4.1.

1. Defining endpoints: Defining appropriate and relevant endpoints for medical device trials
presents a challenging and complex task. The endpoints must be clear, measurable, and
reflect the safety, effectiveness, and/or clinical benefit of the medical device. Despite the
relevance to patients, hermeneutic outcomes such as quality of life, discomfort, and disability
are underutilised in favour of traditional outcomes such as survival and complication rates,
commonly employed in pharmaceutical trials but not always aligning with the unique
considerations of medical device trials. [Neugebauer et al., 2017; White et al., 2023; Zannad
et al., 2014; Hulstaert et al., 2023|

2. Regulatory compliance: It is difficult to fully understand the regulatory framework
and to handle the strict regulations for large clinical trials, complicating market entry.
[Ben-Menahem et al., 2020; Bretthauer et al., 2023a] The comprehensive requirements in
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the MDR complicate the process of obtaining approval for a clinical trial. Any missing
information necessitates additional time to acquire, leading to delays in commencing the
trial. [Régo et al., 2023]

3. Subject recruitment and retention: Identifying, recruiting, and retaining subjects
from the appropriate target group pose challenges [White et al., 2023; Hulstaert et al., 2023|.
The comprehension of patient selection may not be comprehensive during planning of a trial
design. In general, medical device trials recruit fewer patients than pharmaceutical trials,
increasing the likelihood of being under-powered for significant mortality and morbidity
outcomes. [Zannad et al., 2014] Additionally, the limited number of potential subjects is
a further constraint, as recruitment often relies on the investigator’s own list of subjects
[Régo et al., 2023|.

4. Selecting the control group: Determining an appropriate control group can be complex.
Identifying a suitable comparator, especially when a device under investigation is innovative
or no equivalent device on the market exist, can be challenging. Placebo-controlled trials
such as RCTs may not always be feasible or ethical. For example, it is unethical to offer
an invasive shame procedure since the patients does not receive any benefit, only potential
risks. [Wilkinson and van Boxtel, 2020; Neugebauer et al., 2017; Pazart et al., 2021]

5. Blinding and use of comparator: Although it is an important action to reduce
bias, achieving blinding in medical device trials can be more challenging for practical or
ethical reasons than in pharmaceutical trials [Neugebauer et al., 2017; Haute Authorité
de Santé, 2021]. Implementing blinding in a medical device trial may involve using a
sham procedure (e.g., simulating device implantation), a sham device (which often raises
ethical concerns due to the absence of potential individual benefit, although both sham
procedures and devices can elicit a notable placebo effect that may balance potential
benefits and risks), or implanting a device without activating it [Zannad et al., 2014].
Creating a convincing comparator or maintaining blinding when the device is visible to
both subjects and investigators may be difficult. [Neugebauer et al., 2017; Ceelen, 2014]
According to Ceelen [2014], it is impossible to blind investigators in a surgical intervention,
but outcome assessors and subjects can still be blinded.

6. Handling device changes: Medical devices often undergo iterative improvements in
design, which may occur even during trials involving human subjects. Determining the
optimal timing for assessments becomes challenging, particularly in the context of lengthy
RCTs. |Tarricone et al., 2016; Neugebauer et al., 2017; Zannad et al., 2014| Additionally,
there are no established guidelines or rules specifying the threshold for changes deemed
significant enough to necessitate new clinical trials [Zannad et al., 2014].

7. Determination of the sample size: Estimating an appropriate sample size is critical
for statistical validity. However, the sample size of the target population is often too small,
making randomisation in RCT difficult and thus the results of doubtful quality. [Pazart
et al., 2021; Iglesias, 2015; Hulstaert et al., 2023|

8. Real-world applicability: Ensuring the relevance of trial results to real-world clinical
settings presents challenges. Factors like the skill of the operator, patient variability, and
variations in device use can influence the generalisability of trial findings. In particular,
study protocols for RCTs pose challenges in adhering to real-world clinical practice, leading
to low external validity. Challenges may arise due to atypical healthcare professionals
or treatments. For example, clinical investigation results from a procedure exclusively
performed by expert surgeons may be short of external validity. [Tarricone et al., 2016;
Iglesias, 2015; Ceelen, 2014]
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10.

11.

12.

13.

14.

Long-term follow-up: A crucial aspect of medical device trials is the choice of an
appropriate stratified follow-up. The ideal duration of follow-up varies depending on the
specific device and can be difficult to determine during the trial design phase. [Zannad
et al., 2014] Many studies face limitations in follow-up duration, making it challenging
to capture all relevant outcomes comprehensively. This issue is particularly pronounced
conducting clinical investigations for patients with implants, as the manifestation of all
effects may take a considerable amount of time. [Neugebauer et al., 2017; Hulstaert et al.,
2023; Pazart et al., 2021]

Costly and time-consuming: It is costly to generate the required evidence through
a comprehensive clinical trial [Charlesworth and van Zundert, 2019]. This cost is, in
part, attributed to the heightened requirements for clinical trials, contributing to an
overall increase in the development and pre-market approval expenses for a medical device
[Bretthauer et al., 2023b]. Moreover, the MDR mandates an insurance policy for clinical
trials which is estimated to amount in €15 600 for a class ITa medical device [Régo et al.,
2023|. Additionally, navigating and comprehending the legislation, as well as executing a
trial, are time-consuming processes that present further obstacles [Saia et al., 2023].
Randomisation: When possible, randomisation is the preferred approach |Zannad et al.,
2014]. The absence of randomisation in certain trials can be attributed to various factors.
Firstly, the cost of conducting a randomised trial is a significant consideration. Secondly,
the feasibility of randomisation may be deemed impractical from the outset, often due to
practical reasons such as healthcare professional or patient preference for a potentially
effective new treatment. [Haute Authorité de Santé, 2021] Thirdly, randomisation may
not be feasible in certain medical device trials, such as when having a small target
population [Zannad et al., 2014]|. Additionally, situations where randomisation can be
considered unethical exist [Iglesias, 2015]. An example is cases of invasive surgery, where
the comparator is a non-invasive treatment |Tarricone et al., 2016].

Devices that cannot be evaluated alone: A medical device is frequently employed
alongside other interventions such as surgical or diagnostic procedures or monitoring,
posing challenges in assessing the reel efficacy of a device during a clinical investigation.
Surgical interventions, in particular, present a complex scenario where factors beyond
the surgeon’s expertise come into play, including practices at the individual hospital, the
influence and actions of other team members, and the care provided before and after the
intervention. [Haute Authorité de Santé, 2021; Neugebauer et al., 2017]

Expertise and learning curve: The expertise and experience of operators, e.g. surgeons,
significantly influence the trial results and must be carefully considered. Varied levels of
experience can impact the execution of procedures or interventions. Performance bias can
arise when there is a lack of experience which influences trial outcomes by penalising the
new tested medical device. [Haute Authorité de Santé, 2021; Neugebauer et al., 2017]
Operator skills typically improve over time due to the learning curve effect, which can
be difficult to manage [Motte et al., 2017; Ceelen, 2014]. Initiating a RCT prematurely,
before adequate training and experience are acquired, may not accurately reflect the true
performance of the investigated device. Conversely, conducting an RCT too late poses
other challenges, such as potential deviations from the study protocol. [Neugebauer et al.,
2017]

Sufficient high-quality data: Collecting the right amount and kind of reliable and
robust clinical data to generate sufficient clinical evidence is essential. However, the term
’sufficient’ is not clear which present a major challenge for all types of medical devices,
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irrespective of risk class. [Hulstaert et al., 2023; Wilkinson and van Boxtel, 2020; Kearney
and McDermott, 2023|

The list highlights numerous challenges in conducting clinical trials for medical devices. There is
a demand for more targeted guidance, particularly for trial designs involving high-risk medical
devices, and for using other appropriate trial designs that may not strictly adhere to the RCT
design. Addressing and mitigating these challenges is crucial while upholding a high level of
clinical evidence and ensuring compliance with standards and regulations.

2.3 Guidance Documents for Clinical Investigations

As a result of the release of the MDR, the Medical Device Coordination Group (MDCG) were
established. One of their purposes is to prepare guidance documents. |[The European Parliament
and the Council of the European Union, 2017] All the guidelines from the MDCG are not legally
binding but can help interpret the MDR and provide general advice. Guidelines identified as
relevant for clinical investigations are:

e MDCG 2020-1: Guidance on Clinical Evaluation (MDR) / Performance
Evaluation (IVDR) of Medical Device Software
[The Medical Device Coordination Group, 2020a|

« MDCG 2020-6: Regulation (EU) 2017/745: Clinical evidence needed for
medical devices previously CE marked under Directives 93/42/EEC or
90/385/EEC. A guide for manufacturers and notified bodies
[The Medical Device Coordination Group, 2020c|

« MDCG 2020-10/1: Safety reporting in clinical investigations of medical devices
under the Regulation (EU) 2017/745
[The Medical Device Coordination Group, 2020b|

e MDCG 2021-08: Clinical investigation application/notification documents
[The Medical Device Coordination Group, 2021a|

e MDCG 2021-20: Instructions for generating CIV-ID for MDR Clinical
Investigations
[The Medical Device Coordination Group, 2021b|

« MDCG 2021-28: Substantial modification of clinical investigation under
Medical Device Regulation
[The Medical Device Coordination Group, 2021c|

e MDCG 2024-3: Guidance on content of the Clinical Investigation Plan for
clinical investigations of medical devices
[The Medical Device Coordination Group, 2024|

e Commission Guidance on the content and structure of the summary of the
clinical investigation report
[The European Commission, 2024]

Some of these guidelines are temporary guidelines established due to the incomplete
implementation of the European database on medical devices (EUDAMED), and they will
be revoked once EUDAMED is fully operational. This includes MDCG 2020-10/1, MDCG
2021-08, and MDCG 2021-28. [The Medical Device Coordination Group, 2020b, 2021a,c|

Although primarily addressed to clinical evaluations, MDCG 2020-1 and MDCG 2020-6 include
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elements pertinent to clinical investigations. MDCG 2020-1 has a small section on clinical
investigations of medical device software, highlighting suitable trial design based on the type of
medical device software [The Medical Device Coordination Group, 2020a]. In MDCG 2020-6,
Appendix III outlines a hierarchy of clinical evidence for demonstrating conformity with the
relevant GSPRs, accompanied by relevant considerations and comments. Moreover, it includes
references to specific tools that can aid in the appraisal of clinical data. [The Medical Device
Coordination Group, 2020c]

MDCG 2021-20 provides detailed instructions for creating a Clinical Investigation ID within the
former European Database on Medical Devices, Eudamed2, to enable communication between
competent authorities and sponsors [The Medical Device Coordination Group, 2021b|. MDCG
2024-3 outlines the purpose and content of the clinical investigation plan, specifying section
titles, required information, and presentation order [The Medical Device Coordination Group,
2024|. The Commission Guidance aims to ensure that the clinical investigation report contains
all essential information, employs accurate terminology, and is presented in a clear and organised
manner [The European Commission, 2024].

The listed guidelines, particularly MDCG 2024-3 and the Commission Guidance, are deemed
more accessible compared to the MDR, aiding in translating the general requirements of the
regulation into specific specifications on how to e.g. write the required documents. Nevertheless,
they offer general advice, requiring sponsors and manufacturers to extract relevant parts and
interpret their application in each clinical investigation for the specific medical device. It
is, however, noteworthy that MDCG 2024-3 and the Commission Guidance were published
approximately seven years after implementation of the MDR. Pazart et al. [2021] states that there
is still a need for guidance, as the existing guidelines describe very vaguely and imprecisely how
clinical investigations must be conducted. The manufacturer is thus responsible for improving
the process of evaluating the medical device, albeit without the right tools and knowledge to
do so. Furthermore, a burden is placed on the manufacturer and sponsor to navigate through
the MDR, guidance documents, and standards, while understanding how they interrelate. This
increases the complexity of regulatory compliance.

2.4 Assisting Tools for Clinical Trials

In addition to the guidance documents aiming to help interpret clinical investigations under the
MDR, various tools and frameworks have been developed to assist in the process of a clinical trial.
These tools and frameworks were identified through the second literature search as described in
Section 4.1.

The IDEAL Framework and Recommendations, developed by an expert consensus group and
initially introduced in 2009, has created a new paradigm in the way surgical innovations are
evaluated through the five stages: Idea (1), Development (2a), Exploration (2b), Assessment
(3), and Long-term follow-up (4) [Pennell et al., 2016]. The recommended trial designs from
stages 1 to 4 are as follows: 'first in human’ study (case report), prospective development study
(cohort study), prospective exploratory study (collaborative cohort study), RCT, and database
or register study [Sedrakyan et al., 2016]. The stages ensure evaluation with a high degree
of transparency throughout the life cycle of the medical device. At each stage, it is advised
to adhere to a standardised trial template for presenting the evidence that is most pertinent
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to that particular stage, aiming for early identification of safety problems. [McCulloch, 2020]
The work conducted by Pennell et al. [2016] aimed to modify the IDEAL for medical device
evaluation through a Delphi expert consensus exercise, resulting in the IDEAL-D Framework
and Recommendations. Key modifications included the addition of a new pre-clinical stage
denoted as Stage 0 and consensus on the appropriateness of registry use at each stage. [Pennell
et al., 2016] Additionally, a checklist is developed for each stage to aid in various aspects of the
clinical trial process [Hirst et al., 2019].

A study by Paez et al. [2022] has devised a principles-based framework grounded in ethical
considerations concerning RCTs, along with a concise sequential decision-making algorithm which
aims to determine when conducting an RCT study for a new therapeutic device is unnecessary
and what the alternatives entail. However, this approach is not tailored specifically to the MDR
and is a highly simplified tool that requires answering a maximum of three questions to arrive
at a final decision.

A clinical trial management system (CTMS) is a software platform designed to assist in
the process of a clinical trial, such as scheduling, tracking, and management [lusov, 2024].
Its advantages include providing access to accurate and current trial information, fostering
collaboration between sponsors and sites, and ensuring transparent oversight of trial management
components. Furthermore, essential documents generated during the clinical investigation can be
managed electronically [SimpleTrials, 2024]. Most CTMS platforms also integrate with electronic
data capture (EDC) systems, facilitating data collection, management, monitoring, and storage
processes. EDC replaces conventional paper-based data collection methods, offering increased
efficiency, accuracy, and security. [lusov, 2024] Several CTMS and EDC systems are available.
One example of an EDC system integrated in CTMS is EasyTrial which supports medical device
enterprises to fulfil the requirements of the MDR. Easytrial can be used to collect clinical data,
built electronically case report forms, and assist in structuring and documenting trials, including
preclinical trials, clinical trials, and post-market clinical trials. [EasyTrial, 2024] An example
of an EDC system is Greenlight Guru Clinical, designed specifically for the MedTech industry.
It ensures compliance with ISO 14155:2020, the EU MDR, and the United States Food and
Drug Administration regulations, and offers templates for various documents, including informed
consent forms. |Greenlight Guru, 2023|
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3 Problem Definition

The MDR imposes many challenges to medical device manufacturers due to its stringent
requirements regarding proving safety, performance, and clinical benefit of the medical device
compared to the previous medical device directives the MDD and AIMDD. These requirements
in the MDR demand high-quality and quantity of clinically relevant data, posing numerous
obstacles for manufacturers comprising raising concerns about the ability of market entry in the
EU. In the worst-case scenario, this could lead to enterprises either succumb or seeking markets
outside the EU with less strict regulations, potentially resulting in a shortage of medical devices
and reduced innovation in the EU MedTech sector.

For many medical devices, collecting sufficient clinical data through clinical investigations on
human subjects are mandatory. A manufacturer relies on a sponsor to conduct, manage, and
finance a clinical investigation. A sponsor has many areas of responsibility, including designing
the trial, ensure compliance with standards, prepare documentation before, during and after
the trial, and ensuring efficient and timely reporting to various stakeholders. Clinical trials
for medical devices face their own set of challenges complicating the planning and execution.
The challenges include regulatory compliance, obtaining sufficient high-quality data, ensuring
real-world applicability, handling expertise and learning curve, handling changes to the device,
and testing devices that cannot be evaluated alone. Furthermore, challenges closely related to
the trial design includes defining endpoints, recruitment and retention of subjects, determination
of sample size, selecting the control group, blinding and use of comparator, randomisation,
long-term follow-up, and given that trials are often costly and time-consuming. Most of these
challenges are attributed to the unique aspects of medical devices sometimes making clinical
trials difficult, impossible, and/or unethical. Consequently, there is a demand for more guidelines
addressing the identified challenges.

Several guidance documents aiming to help interpret clinical investigations under the MDR, are
developed. Although these guidance documents are deemed more accessible compared to the
MDR, they primarily assist in how to prepare the required documentation and offer limited
guidance on making design choices. Furthermore, various tools have been developed to facilitate
clinical trials, including Clinical Trial Management Systems and the IDEAL-D Framework and
Recommendations. However, none of these guidance documents or tools can assist sponsors in
making decisions regarding the challenges of medical device trial design. Therefore, the following
thesis statement is outlined:

Which challenges, faced by the sponsor of the trial design of a clinical investigation for a medical
device, can be accommodated by an EU MDR 2017/745 compliant decision support system?
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4 Methods

This chapter describes the methods utilised in this master’s thesis. Two literature searches are
conducted which creates the basis for the problem analysis leading to the thesis statement. The
main method used to answer the theses statement revolves around an analytical basis for a

decision support system.

4.1 Literature Searches

This master’s thesis examines challenges at clinical investigations in compliance with the MDR
and identifies existing tools to assist sponsors with the clinical investigation. To address the
initial problem statement, two research questions are formulated, serving as the foundation for a

systematic literature search.

1. What are the challenges for manufacturers and sponsors with planning and conducting a
clinical investigation under MDR for a medical device?

2. Which, if any, tools can support sponsors in facilitating a clinical investigation in compliance
with MDR?

For each research question, a search protocol is made. The two search protocols are available in
Appendix A, Tables A.1 and A.2. The search protocols encompass the research question, chosen
databases, inclusion and exclusion criteria, and the search strategy. Several health science and
technology databases are selected to facilitate a comprehensive list of publications addressing
the two research questions. Initially, 16 health technology databases are identified through
Aalborg University Library’s 'Databases’ section on their website [Aalborg University, 2024].
Subsequently, five databases are chosen based on the descriptions provided on the website about
the content of the databases. Inclusion and exclusion criteria are defined to refine search results
and provide a focused direction for the search.

The first part of the search strategy involves the method block search. The block searches for
the two research questions can be found in Appendix A, Tables A.3 and A.4. Since all databases
are built on the basis of boolean operators, the block search is structured with these. The block
search is based on three focus areas found in each research question from which synonyms are
drawn up. The boolean operator AND is used between the columns in the block search table
and the boolean operator OR is used between the individual synonyms. The boolean operator
NOT is not used as there is a risk of relevant sources being wrongly sorted out. Truncation with
an asterisk (*), which aims to expand the search, is used after words that can have different
suffixes. Phrase searching with putting the search terms in quotation marks (” ”) is used when
the terms must be read together in a specific order and aims to clarify the search.

The block searches for the two research questions are documented in the search documentation
forms, available in Appendix A, Tables A.5 and A.6. The purpose of the two search documentation
forms is to consistently provide an overview and facilitate the identification of potential typing
errors during the search. The search strings for the two searches are available in Appendix A.

After the systematic literature search is performed using the block searches, the method backward
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snowballing is applied as a second step in the search strategy to find additional relevant sources
and thereby to extend the systematic literature search. Backward snowballing uses the reference
lists from the included sources in the block search. The second search protocol involves an
additional search on the internet using the search engine Google as it is anticipated that limited
amount of sources are available regarding existing tools used in practice. The online tool Rayyan
is utilised to organise and manage the all identified sources from the two searches [Rayyan, 2024|.

The selection process is illustrated by the two Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagrams at Figures 4.1 and 4.2. The selection process is
divided in identification, screening, eligibility, and included.

Sources identified through database searching (n = 756)
5 PubMed (n = 85)
E Embase (n = 262)
& CINAHL (n=22)
§ IEEE Xplore (n = 75)
= Scopus (n=312)
Y
Sources after duplicates removed N Duplicates removed
(n=558) (n=198)
. 1
'E Sources for screening of title N Sources excluded after screening of title
o {n=558) " (n=119)
’ l
Sources for screening of abstract | Sources excluded after screening of abstract
(n=439) " (n=388)
E o Sources excluded (n = 34)
= Full text sources assessed for eligibility ~ . X ) _
= (n=51) > Not in English or Danish language (n = 2)
] n= Do not focus on clinical investigation (n = 32)
Sources included
(n=17)
]
= Additional sources identified
% through backward snowballing ——m8
£
- {n = 4] v
Final sources included
(n=21)

Figure 4.1: PRISMA flow diagram of the source selection process for the search addressing the
first research question.

For the search relating to the first research question, 756 sources were identified, of which 17 met
the inclusion criteria. Utilising the backward snowballing method, an additional four sources
were included, bringing the total to 21 sources to address the first research question.
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)

c Sources identified through database searching (n = 878)
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g (n =816) " (n=652)
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= l Do not focus on clinical investigation (n = 7)
Sources included
(n=4)
-
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—: through backward snowballing > | - through internet searchs
£
= (n=1) + (n=4)
Final sources included
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Figure 4.2: PRISMA flow diagram of the source selection process for the search addressing the
second research question.

For the search relating to the second research question, 878 sources were identified, of which four
met the inclusion criteria. Utilising the backward snowballing method, one additional source
was included, bringing the total to five sources to address the second research question.

4.2 Decision Support System

Making a decision is to take action within a scenario with numerous alternatives, representing
a selection from various possibilities. Decision making involves a decision-maker and a set of
alternatives aimed at achieving an objective. Making decisions is challenging, as they often
need to meet various specific criteria, rendering the decision making process complex and
resource intensive. A DSS is defined by Power [2021] as "an interactive computer-based system or
subsystem intended to help decision makers use communications technologies, data, documents,
knowledge and/or models to identify and solve problems, complete decision process tasks, and
make decisions”. A DDS is a computerised system involving one or more technologies designed
to aid individuals, groups, or organisations in decision making within a specific task. When
well-designed, a DSS can facilitate fact-based decisions with a high level of quality, thereby
enhancing decision making processes in terms of efficiency and effectiveness. The demand for
decision support arises from the vast amount of information that needs to be processed, often
leading to information overload, which generally complicates decision making. [Power and
Heavin, 2016, p. 2-3]
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4.2.1 Types of Decision Support Systems

DSSs are classified into five generic types based on a specific technology component: model-
driven, data-driven, communications-driven, document-driven, and knowledge-driven [Power and
Heavin, 2016, p. 38]. The main principle in a model-driven DSS is accessing and manipulating a
quantitative model. The model can e.g. be a mathematical model or an algorithm aiming to
optimise or simulate different scenarios. [Power and Heavin, 2016, p. 39|. It employs limited
data and parameters provided by decision makers to assist them in analysing a situation. These
DSS typically do not require large databases, as they are not inherently data-intensive. [Burstein
and Holsapple, 2008, p. 126] Data-driven DSS can handle substantial amounts of data from both
internal and external real-time data sources, presenting it in a comprehensible and accessible
format. The main functionality is access to and manipulation of data. Core functionality entails
accessing files via query and retrieval tools, while advanced data-driven DSS involves analytical
processing of data. [Burstein and Holsapple, 2008, p. 127] Communications-driven DSS facilitate
collaborative decision making and communication among two or more individuals, allowing
them to interact, synchronise their activities, and exchange information [Power and Heavin,
2016, p. 38|. Document-driven DSS employs processing and computer storage technologies
to enable comprehensive retrieval and analysis of documents relevant to the decision making
process. These documents are stored in a massive database, encompassing various formats such
as procedures or product specifications. [Burstein and Holsapple, 2008, p. 130] The purpose
of knowledge-driven DSS is to assist users in determining appropriate courses of action. The
system acts as an expert in problem solving within a defined domain. The main element is a
knowledge base which can consist of facts, rules, and procedures. [Power, 2021]

Depending on the decision making problem to be solved, different methods can be employed.
The rule-based method comprises rules presented in a logical format, often in the form of if-then
statements [Burstein and Holsapple, 2008, p. 514|. Fuzzy logic, grounded in set theory principles,
is applied to problems involving uncertainty [Berner, 2016, p. 23|. Another method, the Bayesian
network, deals with uncertainty by considering conditional probabilities of events. An example
of a DSS where managing uncertainty is crucial is in a clinical DSS, such as those used to provide
diagnoses based on symptoms. [Berner, 2016, p. 34|

The latest development within the area of DSSs is the integration of artificial intelligence,
machine learning, and deep learning techniques [Kose et al., 2020, p. 3-4|. It is the learning
capabilities of these techniques which makes it possible to solve advanced problems which
requires a deep analysis of data [Kose et al., 2020, p. 8-10]

Choice of Decision Support System

The most suitable type for the DSS to be developed is a knowledge-driven DSS, as its primary
function is to offer advises on trial design for a medical device, essentially serving as an expert
system. A knowledge-driven DSS is illustrated through a generic representation in Figure 4.3
with the main components: input, knowledge base, reasoning engine, and output. The user of
the DSS shall provide inputs to the DSS typically through a user interface. The knowledge base
stores domain-specific knowledge. It provides the reasoning inference engine with knowledge
to enhance decision making. [Burstein and Holsapple, 2008, p. 513] The reasoning inference
engine is the logic that combines the input with the knowledge to generate output for the user

18 of 72



Aalborg University 4.2 Decision Support System

[Berner, 2016, p. 32]. Output examples include ranked lists of possibilities presented through a
user interface.

e

Reasoning Engine

—_—
_.

Knowledge Base

| S —

\ J

Figure 4.3: A general representation of the components in a knowledge-driven DSS [Berner,
2016, p. 32].

The DSS to be developed will not encounter problems with uncertainty involved, so the methods
Fuzzy logic and Bayesian network are deselected. Despite advancements in artificial intelligence
techniques, the DSS to be developed will rely on fundamental principles of rule-based logic.
The advantage of using rule-based is that it offers full transparency in decision making, which
is crucial in this DSS as it must comply with regulations mandating traceability. Artificial
intelligence, in this context, is deemed overly opaque, as the DSS will appear as a black box.

With a restricted timeframe, emphasis is placed on developing the knowledge base in the DSS,
while components like the reasoning engine and user interface are not developed.

4.2.2 Software Development Life Cycle

Generally, a DSS is developed by using a software development life cycle model, which defines the
processes in the development procedure. One type of the various SDLC models is the structured
V-model, depicted in Figure 4.4.

Acceptance Test Design

Requirement
Analysis

System Test Design System
- Testing

System Design

Architecture Integration Test Integration
Design Design Testing

Unit Test
Design

Module Design II| Unit Testing

Coding

Figure 4.4: The V-model, consisting of several development processes within the verification
part at the left side of the V and test processes at the validation part on the right side of the V.
The test to a process in the development phase is defined along with or right after the process is
completed. |GeeksforGeeks, 2024|
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The V-model consist of a verification and a validation part. The verification part consists of
several development processes, each linked to a corresponding test in the validation part. These
processes proceed sequentially, starting with requirements analysis and progressively becoming
more refined through software design until the coding phase of the software development. The
V-model offers several advantages, including traceability between requirements and software,
early testing to ensure alignment between development and testing, and the detection of defects
in early stages before coding. |GeeksforGeeks, 2024|] The DSS to be developed includes the
two phases requirement analysis and system design. The activities within these two phases are
elaborated in the following section.

4.3 Unified Modeling Language & Object Oriented Methodology

It is common practice to develop models to represent a software system as they can serve as
simplifications of reality and improve comprehension of the complexity of the system. Unified
Modeling Language (UML) can be used in software development for constructing models that
facilitate visualisation of the system under development, specification of its structure and
behaviour, system construction, and continual documentation of decisions. [Scott, 2002, p. 17|
UML serves as both a notation and a conceptual framework, dictating how diagrams and text
are conducted and how symbols are applied and interpreted [Vendelhaven, 2002, p. 20]. Its
primary benefits lie in facilitating communication among diverse stakeholders and to foster a
mutual understanding [Scott, 2002, p. 18]. UML supports an object oriented methodology,
which centre on structuring and utilising reusable modules. A well-structured system is easy to
maintain, enabling quick and cost-effective system changes. Furthermore, high flexibility in the
structure is essential, allowing the system to adapt to changing requirements and needs that
frequently occur during the development process. |Vendelhaven, 2002, p. 20-21|

The methodological approach for developing the DSS is presented in Figure 4.5, where the
approach is divided into steps. The initial step involves making a pre-analysis of the clinical
investigation process, spanning from writing the required documents to submitting the clinical
investigation report. The information is acquired by screening MDCG 2021-8 [The Medical
Device Coordination Group, 2021a| and Article 62-82 and Annex XV of the MDR [The European
Parliament and the Council of the European Union, 2017] with a focus on required documents,
deadlines, and actors. Furthermore, an application form Leegemiddelstyrelsen [2024] provided by
the competent authority in Denmark, the Danish Medicines Agency, is applied to identify the
required documents in the clinical investigation application. The result from the pre-analysis is
an activity diagram, illustrating the flow within the activities and actions defined in the MDR.

The remaining steps in the methodological approach is divided the requirement analysis and
system design processes from the V-model. The activities involved in these processes of the
software development of the DSS are performed in line with an object oriented analysis (OOA)
aiming to model the behaviour, function, and structure of the DSS.
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[ Pre-analysis of the clinical investigation process ]

" "Reguirement analysis ¢ ____________________________
[ Description of the aim and functionality ]
[ Definition of the user requirements ]

Ty

Development of use case diagram and use case descriptians]

~Systemdesign <~ N ——
Development of activity diagrams

)\

Definition of the functional requirements

[ ]
[ )
Vi
[ Noun/verb analysis ]
[ ]

v

Development of analysis class diagrams

Figure 4.5: The methodology applied through the development of the DSS. The dashed lines
indicate the relation with the phases requirement analysis and system design from the V-model.

The first step in the requirement analysis process is to describe the aim and functionality of the
DSS. The description of the DSS provides a vision for the development. The second step in the
requirement analysis process is to define the user requirements of the DSS. The user requirements
are identified through the two literature searches, the pre-analysis, and the description of the
aim and functionality of the DSS. The user requirements reflect the function of the DSS defined
in a simple language. The third step in the requirement analysis process is the development
of a use case diagram and use case descriptions. The use case diagram is based on the user
requirements and aims to specify the context of the DSS, where it illustrate the use cases within
the DSS, their internal relationship, and their relationship to the identified actors outside of the
DSS. The content of each use case is elaborated by a descriptive text to clarify whom the case

involves, the main scenario, potential alternative scenarios, and guarantees.

The first step in the system design process is the development of activity diagrams. An activity
diagram is developed for each of the use cases, illustrating the flow of activities in the DSS. The
use cases and activity diagrams are all developed by screening Article 62-82 and Annex XV of
the MDR [The European Parliament and the Council of the European Union, 2017| and the
ISO 14155:2020 [International Standardization Organisation, 2020|, providing the requirements
that the DSS must comply with. Additional articles, books, and guidance documents are used
to develop the use cases and activity diagrams, as these sources contain specific methods and
design choices. The activity diagrams serves as the knowledge base in the DSS to be developed.
The second step in the system design process is the definition of the functional requirements for
the DSS. These requirements, written with a high level of details, clarifies what the DSS must
do in relation to function to achieve the user requirements. The third step in the system design
process is a noun/verb analysis, where the nouns and verbs from the preceding analysis of the
DSS are screened and recorded aiming to find candidates to the classes and relationships in the
analysis class diagrams, which is the last step in the system design process of the DSS. The
analysis class diagrams act as a stepping stone for the next process in the software development,

object oriented design.
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This chapter covers the pre-analysis of the clinical investigation process and the initial analytical
basis for an EU MDR 2017/745 compliant decision support system, named ACIT, which stands
for Assisting Clinical Investigation Tool.

5.1 Pre-analysis of the Clinical Investigation Process

A pre-analysis of the clinical investigation process is performed to provide a context for the DSS
and to identify the user requirements. The process for a clinical investigation is illustrated in
Figure 5.1, which focus on activities performed by a sponsor. Initially, a sponsor shall write
the 14 required documents. This process of writing these documents occurs in parallel, except
for the informed consents form(s) which is written after the patient information sheet(s) and
the clinical investigation plan synopsis which is written after the clinical investigation plan.
The MDCG 2024-3 can be followed for assistance in writing the clinical investigation plan. A
general outline of the monitoring plan must be included in the clinical investigation plan or be a
independent document in the application for a clinical investigation. A note connected to the
parallel process of writing the documents provides additional documents that must be written
if relevant to the clinical investigation. After the documents are written, an application form
is written and the application is submitted the competent authority through either the web
form via EUDAMED or by filling in the template in MDCG 2021-08, depending on whether
EUDAMED is available and fully functional. When submitted, a unique single identification
number is assigned to the clinical investigation. Indicated by the time signal, the competent
authority must notify the sponsor within 10 days whether the application falls within the scope
of the MDR and whether it is complete. A note is attached to this time signal, as the sponsor
must be aware of that the deadline can be extended with five days if more time is needed for
the competent authority. If the application is approved, the clinical investigation can begin. If
the application is denied, the sponsor needs to provide comments or complete the application
within the timeframe and submit the application again. Three possible outcomes exist, where
the first is that the competent authority approved the new application, the second is that the
application is rejected at which the sponsor needs to undergo an appeal procedure, and the
third is that the application is stated as lapsed at which the sponsor must review the documents.
Before the clinical investigation can begin, the ethics committee needs to provide an opinion.

The risk class of the medical device determines when the clinical investigation can begin. This
is illustrated by the box in the lower right corner of the figure. When begun, five processes
run in parallel which are processes that the sponsor needs to be aware of and manage if
they require actions. After the end of the clinical investigation, the sponsor needs to write a
clinical investigation report and submit this to the competent authority within the required
deadlines. Within 15 days after the end of the clinical investigation, the sponsor shall notify the
competent authority that the clinical investigation has ended. The sponsor needs to keep the
documentation related to the clinical investigation for 10 to 15 years, depending on whether the
device is implantable or not.

From this pre-analysis it appears that the documents submitted with the clinical investigation
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5.1 Pre-analysis of the Clinical Investigation Process

application must be comprehensive to prevent unnecessary delays and deviations. To expedite
the approval process of the clinical investigation, it is essential to have a firm grasp on the
design choices and ensure they are thoroughly described and substantiated with arguments in
the required documents of the application. Additionally, the sponsor must manage numerous

concurrent tasks during a clinical investigation, where unexpected delays and events can escalate
costs and complicate proceedings rapidly.
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Figure 5.1: Activity diagram for the process

of a clinical investigation.
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5.2 Aim and Functionality

The purpose of ACIT is to assist sponsors in planning trial designs and addressing challenges in
pre-market clinical investigations of medical devices. ACIT must comply with the EU MDR
2017/745, the guidance documents with relation to the planning of a clinical investigation, and
ISO 14155:2020. ACIT is a knowledge-driven DSS build on rule-based logic. The format of
ACIT is a dynamic questionnaire that follows a flow path based on the inputs provided by the
sponsor. ACIT asks questions related to planning of the trial design. The responses, along
with information from relevant questions, are compiled into a file. This file is the output from
ACIT and serves as the foundation for filling out some of the required documents for the clinical
investigation application, including the clinical investigation plan, clinical evaluation plan, and
the application form. By asking questions, ACIT prompts sponsors to be aware of and reflect
on challenges, thus providing a stronger foundation for designing a clinical investigation. ACIT
also provide the sponsor with references to methods and guidance for handling challenges.

ACIT is intended for use in the early planning stages of a clinical investigation, particularly
when preparing documents for the application of a clinical investigation. ACIT is indented to
be applicable for clinical investigations of all types of medical devices across all risk classes.

Ideally, ACIT shall address all 14 identified challenges. However, it is chosen to focus on those
challenges in the planning phase which are concrete and possible to provide assistance to. These
challenges include defining endpoints, selecting control group, blinding and use of comparator,
handling device changes, calculating sample size, long term follow-up, randomisation, and
expertise and learning curve. Challenges regarding regulatory compliance, high cost and time-
consumption, and collection of sufficient high-quality data are broad and vague and therefore
more difficult to accommodate. However, these three challenges all relate in some way to the
eight challenges listed above and will therefore also be addressed. The remaining three challenges
are identification, recruitment, and retention of subjects; real-world applicability; and cases
where a medical device cannot be evaluated alone. These challenges are currently beyond the
scope of ACIT, as these challenges are highly dependent on the characteristic of the specific
medical device.

Based on the pre-analysis, it is chosen that ACIT should also assist in planning the monitoring
of the clinical investigation, including handling adverse events, as this is a crucial part of a
clinical investigation.

ACIT is justified as planning of a clinical investigation involves several challenges which the
sponsor may not be fully aware of. Additionally, it may prompt the sponsor to enhance
confidence in their role, gain a better understanding of the clinical investigation process, and
initiate reflections on how to effectively communicate with other involved stakeholders.

5.3 User Requirements

The user requirements for ACIT are identified through the two literature searches, the pre-
analysis, and the description of the aim and functionality of ACIT. Every user requirement can
be identified through an ID. The user requirements are listed in Table 5.1.
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Table 5.1: User requirements for ACIT.

ID

User requirement

UR-1

ACIT must be consistent with the requirements in:

a) MDR 2017/745, Article 62-82 and Annex XV

b) MDCG 2020-1: Guidance on Clinical Evaluation (MDR) / Performance Evaluation
(IVDR) of Medical Device Software

c) MDCG 2020-6: Regulation (EU) 2017/745: Clinical evidence needed for medical
devices previously CE marked under Directives 93/42/EEC or 90/385/EEC. A guide
for manufacturers and notified bodies

d) MDCG 2024-3: Guidance on content of the Clinical Investigation Plan for clinical
investigations of medical devices

e) MDCG 2020-10/1: Safety reporting in clinical investigations of medical devices
under the Regulation (EU) 2017/745

f) Commission Guidance on the content and structure of the summary of the clinical
investigation report

g) ISO 14155:2020 - Clinical investigation of medical devices for human subjects -
Good clinical practice

UR-2

ACIT must show references to the requirements in:

a) MDR 2017/745, Article 62-82 and Annex XV

b) MDCG 2020-1: Guidance on Clinical Evaluation (MDR) / Performance Evaluation
(IVDR) of Medical Device Software

c) MDCG 2020-6: Regulation (EU) 2017/745: Clinical evidence needed for medical
devices previously CE marked under Directives 93/42/EEC or 90/385/EEC. A guide
for manufacturers and notified bodies

d) MDCG 2024-3: Guidance on content of the Clinical Investigation Plan for clinical
investigations of medical devices

e) MDCG 2020-10/1: Safety reporting in clinical investigations of medical devices
under the Regulation (EU) 2017/745

f) Commission Guidance on the content and structure of the summary of the clinical
investigation report

g) ISO 14155:2020 - Clinical investigation of medical devices for human subjects -
Good clinical practice

UR-3

ACIT requires that the risk class, the intended purpose, and the claimed clinical
benefit(s) of the medical device under investigation are established

UR-4

ACIT must assist in the design choices of the clinical investigation

UR-5

ACIT must assist in the determination of endpoints

UR-6

ACIT must assist in the determination of choosing the trial design

UR-7

ACIT must assist in blinding and use of comparator

UR-8

ACIT must provide a method to calculate sample size along with the equation(s)

UR-9

ACIT must assist in the determination of the trial duration and the criteria and
procedures for the follow-up of the subjects

UR-10

ACIT must assist in how to handle the learning curve effect when the clinical
investigation involves a surgical or interventional technique

UR-11

ACIT must assist in planning how to monitor the clinical investigation

Continued on next page
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UR-12 | ACIT must provide a method for handling device changes and assist in the recording
procedure for handling a device change

UR-13 | ACIT must assist in defining a strategy of how to handle adverse events and assist in
how to register a reportable event to the manufacturer and the competent authority

UR-14 | ACIT must create a file and save the decisions in it

5.4 Use Cases

Based on the pre-analysis, the description of the aim and functionality, and the user requirements,
a use case diagram is developed which appears in Figure 5.2. A use case diagram is a behaviour
diagram that illustrates the actors and use cases involved in the system. Each use case represents
a series of actions performed by an actor to achieve a specific goal, outlining what the system
should do without specifying how it should act. [Scott, 2002, p. 54] The include relationship
is applied when the behaviour of the included use case is always included to the base use
case, while the extend relationship is applied when the behaviour of the extended use case is
optional. The developed use case diagram comprises nine use cases within ACIT. The primary
actor, which is the user of ACIT, is the sponsor of the clinical investigation. The secondary
actors are the competent authority and the manufacturer, neither of which can interact with
ACIT. Furthermore, different entities including the ISO 14155:2020, the MDR, 2017/745, and
the guidance documents are outside ACIT. These entities are incorporated into the use case
diagram, as the MDR states that the sponsor needs to report statement of compliance with all
relevant legislation.

ACIT

1SO 14155:2020
Determine Calculate
P endpoints - < sample size MDR 2017/745
e «inc:lufdes»
«inciyddsy 7 MDCG 2020-1

s

-
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Figure 5.2: Use case diagram for ACIT.

Each of the nine use cases from the use case diagram are elaborated by a descriptive text
outlining the flow, both ideal main paths and alternative paths, as well as the actions performed
by actors and the system’s response to those actions. The use case descriptions appears in
Tables 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, and 5.10. The individual use cases will be referred to
through an ID, defined in the tables.
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Table 5.2: Use case 1 - Design the clinical investigation.

Use case: Design the clinical investigation

ID: UC1

Brief description: The sponsor receives assistance in making design choices when planning
the clinical investigation. ACIT creates the file "User inputs” and updates it each time the
user has entered an answer to a question provided by ACIT. ACIT generates the file "Clinical
Investigation Planning Draft” using the answers stored in the file "User inputs”.

Primary actor: Sponsor

Pre-condition: The risk class, intended purpose, and claimed clinical benefit for the medical
device under investigation are established

Trigger: The sponsor needs assistance in determining design choices for the clinical
investigation

Main success scenario:
1. ACIT must create the file "User inputs”
2. The sponsor enters the risk class, intended purpose, and claimed clinical benefit(s)

3. ACIT updates the file "User inputs” with the risk class, intended purpose, and claimed
clinical benefit(s)
4. ACIT provides assistance to the sponsor on how to determine the endpoints. Includes

UC2.

5. ACIT provides assistance to the sponsor on how to determine the trial design. Includes

Ues.

6. ACIT proposes a method for calculating sample size and the sponsor calculates the sample
size. Includes UCY.

7. ACIT provides assistance to the sponsor on how to determine the duration of the clinical
investigation as well as the criteria and procedures for the follow-up of the subjects. Includes

UCs.

8. The sponsor can determine how to handle the learning curve effect in case of a surgical or
interventional technique is to be assessed. Eztends UCS.

9. ACIT provides assistance to the sponsor on how to monitor the clinical investigation.
Includes UC7T.

10. The sponsor can receive assistance in how to handle device changes prior to the beginning
of the clinical investigation. Ezxtends UCS.

11. The sponsor can receives assistance in how to handle adverse events. Eztends UCY.

12. ACIT generates the file "Clinical Investigation Planning Draft” using the answers stored
in the file "User inputs”

Success guarantees: The clinical investigation is designed, and the file "Clinical Investigation
Planning Draft” is generated.

Minimal guarantees: The file "User inputs” is updated with the answers from the user.
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Table 5.3: Use case 2 - Determine endpoints.

Use case: Determine endpoints

ID: UC2

Brief description: The sponsor determines the endpoints in the clinical investigation and
substantiates these endpoints with rationale for the selection and how these will be measured.
ACIT updates the file "User inputs” with the answers from the user.

Primary actor: Sponsor

Trigger: The manufacturer wants to document the safety, performance, and/or clinical
benefit of the device under investigation on human subjects

Main success scenario:
1. The sponsor defines a primary endpoint
2. ACIT updates the file "User inputs” with the primary endpoint

3. The sponsor substantiates the primary endpoint with rationale for the selection and
measurement

4. ACIT updates the file "User inputs” with the substantiation of the primary endpoint
5. The sponsor defines one or more secondary endpoint(s)
6. ACIT updates the file "User inputs” with a list of the secondary endpoint(s)

7. The sponsor substantiates the secondary endpoint(s) with rationale for the selection and
measurement

8. ACIT updates the file "User inputs” with the substantiation of the secondary endpoint(s)
9. The sponsor has the opportunity to define composite endpoint(s)

The sponsor wants to define composite endpoint(s)

10. The sponsor defines one or more composite endpoint(s)

11. ACIT updates the file "User inputs” with a list of the composite endpoint(s)

12. The sponsor substantiates the composite endpoint(s) with rationale for the selection and
measurement

13. ACIT updates the file "User inputs” with the substantiation of the secondary endpoint(s)
14. The sponsor continues to point 5 in the main success scenario in UC1
The sponsor does not want to define composite endpoint(s)

10. The sponsor continues to point 5 in the main success scenario in UC1

Alternative scenarios:

la. The sponsor has already defined a primary endpoint

1b. Return to point 2 in the main success scenario

OR

la. ACIT notifies that the primary endpoint has not been determined correctly
1b. ACIT allows the sponsor to rewrite the primary endpoint

lc. Return to point 1 in the main success scenario

AND/OR

5a. The sponsor has already defined one or more secondary endpoint(s)

5b. Return to point 6 in the main success scenario
OR

Continued on next page
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Alternative scenarios:

5a. ACIT notifies that the secondary endpoint has not been determined correctly

5b. ACIT allows the sponsor to rewrite the secondary endpoint

5c¢. Return to point 5 in the main success scenario

AND/OR (under the headline The sponsor wants to define composite endpoint(s))

10a. The sponsor has already defined one or more composite endpoint(s)

10b. Return to point 11 in the main success scenario

OR (under the headline The sponsor wants to define composite endpoint(s))

10a. ACIT notifies that the composite endpoint has not been determined correctly
10b. ACIT allows the sponsor to rewrite the composite endpoint

10c. Return to point 10 in the main success scenario

Success guarantees: One primary endpoint and one or more secondary endpoints are
determined. The file "User inputs” is updated with the answers.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update. ACIT
displays an error message if one of the endpoints is not properly defined.

Table 5.4: Use case 3 - Determine trial design.

Use case: Determine trial design

ID: UC3

Brief description: The sponsor chooses the trial design for the clinical investigation including
the level of blinding. ACIT updates the file "User inputs” with the answers from the user.

Primary actor: Sponsor

Pre-condition: The sponsor has determined a primary endpoint

Trigger: The manufacturer is planning a clinical investigation involving human subjects

Main success scenario:
1. The sponsor chooses if it is possible to have a control group

2. The sponsor chooses whether the control group can be blinded, and which comparator(s)
is the most applicable

3. ACIT updates the file "User inputs” with the type of control group and the comparator
4. The sponsor chooses the trial design

5. ACIT updates the file "User inputs” with the trial design

6. The sponsor chooses whom, if any, to blind and how to achieve the blinding

7. ACIT updates the file "User inputs” with the choices of blinding

8

. The sponsor continues to point 6 in the main success scenario in UC1

Alternative scenarios:

la. The sponsor chooses that it is impossible to have a control group

1b. ACIT updates the file "User inputs” with the choice not to have a control group
lc. Return to point 4 in the main success scenario

OR

4a. The sponsor has already chosen a trial design

4b. Return to point 5 in the main success scenario

Success guarantees: Trial and blinding type are chosen. The file "User inputs” is updated.

Minimal guarantees: ACIT saves the file “User inputs” with the latest update.
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Table 5.5: Use case 4 - Calculate sample size.

Use case: Calculate sample size

ID: UC4

Brief description: The sponsor chooses a method to calculate the sample size to be used in
the clinical investigation and calculates the sample size. ACIT updates the file "User inputs”
with the answers from the user.

Primary actor: Sponsor

Pre-condition: The sponsor has determined a primary endpoint and a trial design

Trigger: The manufacturer is planning a clinical investigation involving human subjects

Main success scenario:

1. The sponsor chooses the method to calculate the sample size that is most suitable for the
clinical investigation

The following steps must be reviewed if the method requires several design choices to be made

1.1 The sponsor accesses the introduction of the note "Calculation of sample size” and chooses
a level of power and a significance level

1.2 ACIT updates the file "User inputs” with the level of power and the significance level

2. The sponsor accesses the section of the note "Calculation of sample size” that describes
the chosen method

ACIT updates the file "User inputs” with the method to calculate the sample size

The sponsor calculates the sample size

ACIT updates the file "User inputs” with the calculated sample size

The sponsor estimates the expected drop-out rate

ACIT updates the file "User inputs” with the drop-out rate

The sponsor calculates an adjusted sample size which takes the drop-out rate into account
ACIT updates the file "User inputs” with the adjusted sample size

10. The sponsor continues to point 7 in the main success scenario in UC1
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Alternative scenarios:
la. The sponsor has already chosen a method to calculate the sample size

1b. Return to point 3 in the main success scenario

Success guarantees: The note "Calculation of sample size” is available for the user. A
method for calculating the sample size is chosen and the sample size is calculated. The file
"User inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs”’ with the latest update. ACIT
displays an error message if the level of power and/or the significance level is not selected by
the user.

l'is a document that can be accessed by the sponsor and

The note "Calculation of sample size”
applied to increase the level of assistance by elaborate the methods and equations of calculating
the sample size. The note is developed due to the lack of specific methods in the MDR and ISO

14155:2020. Thus the note is prepared by screening scientific literature.

!See External appendix
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Table 5.6: Use case 5 - Determine duration and follow-up.

Use case: Determine duration and follow-up

ID: UC5

Brief description: The sponsor receives assistance in how to determine the duration of the
clinical investigation, and the criteria and procedures for the follow-up of the subjects. ACIT
updates the file "User inputs” with the answers from the user.

Primary actor: Sponsor

Pre-condition: The sponsor has calculated the sample size

Trigger: The manufacturer is planning a clinical investigation involving human subjects

Main success scenario:

1. The sponsor chooses the duration of the clinical investigation

2. ACIT updates the file "User inputs” with the duration of the clinical investigation
3. The sponsor defines criteria and procedures for the follow-up of the subjects

4. ACIT updates the file "User inputs” with a list of criteria and procedures for the follow-up
of the subjects

5. The sponsor continues to point 8 in the main success scenario in UC1

Alternative scenarios:

la. The sponsor has already chosen the duration of the clinical investigation

1b. The sponsor keeps the chosen duration

lc. Return to point 2 in the main success scenario

OR

la. The sponsor has already chosen the duration of the clinical investigation

1b. The sponsor chooses another duration

lc. Return to point 1 in the main success scenario

AND/OR

3a. The sponsor has already defined criteria and procedures for the follow-up of the subjects
3b. The sponsor keeps the criteria and procedures for the follow-up of the subjects

3c. Return to point 4 in the main success scenario

OR

3a. The sponsor has already defined criteria and procedures for the follow-up of the subjects
3b. The sponsor rewrites the criteria and procedures for the follow-up of the subjects

3c. Return to point 3 in the main success scenario

Success guarantees: The duration of the clinical investigation and the criteria and
procedures for the follow-up of the subjects are defined. The file "User inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update.

Table 5.7: Use case 6 - Handle learning curve.

Use case: Handle learning curve

ID: UC6

Brief description: The sponsor receives assistance in how to handle the learning curve
effect. ACIT updates the file "User inputs” with the answers from the user.

Continued on next page
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Primary actor: Sponsor

Trigger: The clinical investigation involves a surgical or interventional technique

Main success scenario:

1. The sponsor accesses section 1.0 in the note "Handle learning curve” and defines the
variable(s) to measure the learning curve

2. ACIT updates the file "User inputs” with a list of the variable(s)

3. The sponsor accesses section 2.0 in the note "Handle learning curve” and defines the
confounding factor(s)

ACIT updates the file "User inputs” with a list of the confounding factor(s)
The sponsor plans how to report the confounding factors

ACIT updates the file "User inputs” with the plan

The sponsor chooses a method to quantify the learning curve

ACIT updates the file "User inputs” with a method to quantify the learning curve

© 00N> o

The sponsor quantifies the operators existing level of expertise

10. ACIT updates the file "User inputs” with the operators existing level of expertise
11. The sponsor chooses the type of training of the operators

12. ACIT updates the file "User inputs” with the type of training of the operator(s)

13. The sponsor chooses a method to assess the competences of the operator(s) acquired
through the training

14. ACIT updates the file "User inputs” with the method to assess the competences acquired
through the training

15. The sponsor defines the learning plateau for the operator(s)
16. ACIT updates the file "User inputs” with the learning plateau

17. The sponsor continues to point 9 in the main success scenario in UC1

Alternative scenarios:

Ta. ACIT gives an error message if no method is chosen

7b. Return to point 7 in the main success scenario

AND/OR

11a. ACIT gives an error message if no type of training is chosen
11b. Return to point 11 in the main success scenario

AND/OR

13a. ACIT gives an error message if no method is chosen

13b. Return to point 13 in the main success scenario

Success guarantees: The note "Handle learning curve” is available for the user. ACIT
provided assistance to the sponsor in how to handle the learning curve effect. The file "User
inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update.

1'is a document that can be accessed by the sponsor and

The note "Handle learning curve”
applied to increase the level of assistance by giving examples on how to define variables and
confounding factors in relation to handling the learning curve effect. The note is developed due
to the lack of specific methods in the MDR and ISO 14155:2020. Thus the note is prepared by

screening scientific literature.

'See External appendix
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Table 5.8: Use case 7 - Monitor the clinical investigation.

Use case: Monitor the clinical investigation

ID: UC7

Brief description: The sponsor receives assistance in how to plan the monitoring of the
clinical investigation. ACIT updates the file "User inputs” with the answers from the user.

Primary actor: Sponsor

Secondary actor: Competent authority

Pre-condition: The duration of the clinical trial and the criteria and procedures for the
follow-up of the subjects are determined

Main success scenario:

The sponsor chooses to plan the monitoring activities

The sponsor appoints the monitor

ACIT updates the file "User inputs” with the choice of the monitor

The sponsor collects information about the monitor

ACIT updates the file "User inputs” with the information about the monitor

The sponsor specifies the qualification of and the required training for the monitor

Nt W

ACIT updates the file "User inputs” with the qualification of the monitor and the required
training for the monitor

8. The sponsor chooses if a data safety monitoring committee (DSMC) is needed. If needed,
the sponsor provides information regarding the DSMC. If not needed, the sponsor provides a
explanation of why a DSMC is not needed.

9. ACIT updates the file "User inputs” with the information of the DSMC

10. The sponsor defines a strategy for keeping documentation and records along with a
detailed description of the strategy

11. ACIT updates the file "User inputs” with the strategy

12. The sponsor provides a detailed description of which data and documents that will be
monitored and to which extent

13. ACIT updates the file "User inputs” with the description

14. The sponsor describes the investigation site(s) facilities and the rationale for the selection(s)
15. ACIT updates the file "User inputs” with the information and the rationale

16. The sponsor plans the site(s) selection visit

17. ACIT updates the file "User inputs” with the plan of the site(s) selection visit

18. The sponsor plans the site(s) initiation visit

19. ACIT updates the file "User inputs” with the plan of the site(s) initiation visit

20. The sponsor plans the interim monitoring visits and chooses the type of monitoring

21. ACIT updates the file "User inputs” with the plan of the interim monitoring visits and
the type of monitoring

22. The sponsor describes procedures to review the monitoring visit reports, follow-up on
monitoring findings, and corrective actions

23. ACIT updates the file "User inputs” with the procedures
24. The sponsor plans the site(s) close-out visit
25. ACIT updates the file "User inputs” with the plan of the site(s) close-out visit

Continued on next page
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Main success scenario:
26. The sponsor plans when to report to the competent authority
27. ACIT updates the file "User inputs” with the reporting plan

28. The sponsor continues to point 10 in the main success scenario in UC1

Alternative scenarios:

la. The sponsor has already written a general outline of the monitoring plan
1b. ACIT updates the file "User inputs” with the general outline of the monitoring plan
lc. Return to point 28 in main success scenario

OR

2a. ACIT gives an error message if no monitor is appointed

2b. Return to point 2 in the main success scenario

AND/OR

10a. ACIT gives an error message if no strategy is chosen

10b. Return to point 10 in the main success scenario

AND/OR

20a. ACIT gives an error message if no monitoring type is chosen

20b. Return to point 21 in the main success scenario

Success guarantees: ACIT provided assistance to the sponsor in planning the activities
related to monitoring the clinical investigation. The file "User inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update.

Table 5.9: Use case 8 - Handle device changes.

Use case: Handle device changes

ID: UCS8

Brief description: The sponsor receives assistance in how to handle device changes prior
to the beginning of the clinical investigation. ACIT updates the file "User inputs” with the
answers from the user.

Primary actor: Sponsor

Pre-condition: The sponsor has planned how to monitor the clinical investigation

Main success scenario:

1. The sponsor chooses a method which can help in assisting on the timing of assessment of
the medical device

2. ACIT updates the file "User inputs” with the method

3. The sponsor can view the procedure for recording and handling a device change during
the clinical investigation

4. The sponsor continues to point 11 in the main success scenario in UC1

Alternative scenarios:
3a. The sponsor chooses not to view the procedure for recording and handling a device change

3b. Return to point 4 in the main success scenario

Success guarantees: ACIT provided assistance to the sponsor in how to handle device
changes prior to the beginning of the clinical investigation. The file "User inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update.
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Table 5.10: Use case 9 - Handle adverse events.

Use case: Handle adverse events

ID: UC9

Brief description: The sponsor receives assistance in how to handle adverse events during
the clinical investigation. ACIT updates the file "User inputs” with the answers from the user.

Primary actor: Sponsor

Secondary actor: Manufacturer and competent authority

Pre-condition: The sponsor has planned how to monitor the clinical investigation

Main success scenario:

1. The sponsor defines method(s) to record adverse events, device deficiencies, and new
findings in relation to adverse events and device deficiencies

2. ACIT updates the file "User inputs” with a list of the method(s)

3. The sponsor defines how to inform the investigator(s) about adverse events, device
deficiencies, and new findings in relation to adverse events and device deficiencies

ACIT updates the file "User inputs” with the strategy to inform the investigator(s)

The sponsor defines how to inform the subjects in the trial about the adverse events
ACIT updates the file "User inputs” with the strategy to inform the subjects in the trial
The sponsor chooses the format of the reporting

ACIT updates the file "User inputs” with the format of the reporting

The sponsor can view the reporting procedure for when a reportable event occurs

© 00N> U

10. The sponsor continues to point 12 in the main success scenario in UC1

Alternative scenarios:

la. The sponsor has already written a strategy for handling adverse events
1b. ACIT updates the file "User inputs” with the strategy

lc. Return to point 7 in the main success scenario

AND/OR

9a. The sponsor chooses not to view the reporting procedure

9b. Return to point 10 in the main success scenario

Success guarantees: ACIT provided assistance to the sponsor in how to handle adverse
events. The file "User inputs” is updated.

Minimal guarantees: ACIT saves the file "User inputs” with the latest update.

5.5 Activity Diagrams

The flow of activities in ACIT, from start to finish, is illustrated through activity diagrams. To
simplify the flow, each use case is represented by its own activity diagram. Activities with a
chain symbol in the lower right corner indicate hidden subactivities. Activities updating the
file "User inputs” have a grey background and decisions have a pale green background. In each
activity diagram, the title of the use case appears in the top left corner.

Figure 5.3 illustrates the main flow in ACIT, defined in UC1 "Design the clinical investigation”
showing the activation sequence of the following use cases. "Determine endpoints” is the first
activity, as it establish the clinically relevant outcome parameters for the trial. The sample size
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is calculated based on the primary endpoint, why the activity "Determine endpoints” is required
prior to "Calculate sample size”. Additionally, "Determine trial design” precedes "Calculate
sample size” because the design affects the number of subjects involved in the trial. The
activity "Determine duration and follow-up” is closely related to the activity "Determine trial
design”, why this activity is activated early in the flow. The activity "Handle learning curve”
includes pre-monitoring actions, why is it activated just before the activity "Monitor the clinical
investigation”. The final two activities, both related to "Monitor the clinical investigation”, are
positioned before generating the "Clinical Investigation Planning Draft” file. These two activities
do not need to be activated in a specific order.

Design the ACIT
clinical investigation

Create the file \V
"User inputs”
Ask the user if a surgical or
interventional technique is
Ask the user to enter Determine endpoints assessed
the risk class

===

Ask the user to enter
the intended purpose

Determine trial design

[ S|

Ask the user to enter
the claimed clinical benefit(s) Calculate sample size
\ [ )
Update the file "User inputs”
with the risk class,

Monitor the
clinical investigation

intended purpose, and Determine duration

claimed clinical benefit(s) oW

I

Generate the file
"Clinical Investigation Planning Draft"
using the answers stored in the file
"User inputs”

®

Figure 5.3: Activity diagram for UCI.

The following activity diagrams are developed by screening the MDR [The European Parliament
and the Council of the European Union, 2017| and the ISO 14155:2020 [International
Standardization Organisation, 2020]. Additional sources for each specific activity diagram
will be mentioned as needed. References to the MDR, ISO 14155:2020, guidance documents,
and notes are highlighted in bold within the specific activity. Text inside an activity written in
italic provides explanations or clarifications to the activity.

The activity diagram for UC2 "Determine endpoints” is shown in Figure 5.4. The article by
Johner Institute [2023] is applied to prepare this diagram. Initially, the primary endpoint of
the clinical investigation needs to be defined, as it is directly related to the objective of the
investigation. It is essential as the primary endpoint is used to formulate the primary hypothesis,
if applicable to the investigation, and thus used to calculate the sample size. After defining
the primary endpoint and providing a rationale for its selection and describing how it will
be measured, the secondary endpoint(s) must be defined. Defining composite endpoint(s) is
optional, so activities related to composite endpoint(s) are placed at the end of the flow.
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ACIT
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Ask the user to rewrite
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is not properly defined

Ask the user f the composite endpoint
reflects the intended use of the device
MDR Annex XV 2.6

Ask the user to rewrite
the secondary endpoint
Error message indicating
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&
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Reflects intended
[Reflects intended use] [Reflects intended use]

to safety, performance and/or clinical benefit

‘Ask the user if the composite endpoint is related
MDR Annex XV 2.6

1o safety, performance andfor clinical benefit
MDR Annex XV 2.6

Ask the user to substantiate
the composite endpoint(s)
with rationale for the
selection and measurement
1SO 14155:2020 A.6.1(c)

[&sk the user if the secondary endpoint is related}

[Yes]

Send the added
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The added secondary
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been sent

Update the file "User inputs”
‘with the rationale

Send the added
composite endpoint(s
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endpoint(s) has
been sent

[itis related]

Ask the user to find acceptance criteria,
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from the state of the art using

a systematic literature search
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from the state of the art using

a systematic literature search
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and measurable] [Not specific
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Ask the user to substantiate
the secondary endpoint(s)
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selection and measurement
1SO 14155:2020 A.6.1(c)

[Specific and

measurable] [Specific and

measurable]

secondary endpai ni{s)

Update the file "User inputs”

with the composite endpoint(s) Update the file

"User inputs”
with the rationale

Ask the user to substantiate the
composite endpoint(s) with rationale
for the selection and measurement

[Update the file "User inputs" with the ratlonale]

Figure 5.4: Activity diagram for UC2. By "define WHAT, WHEN, and HOW?”, the following
structure of the formulation of the endpoint is meant: Specify the endpoint (WHAT), the timing
(WHEN), the method, the survey instrument, or device, etc. (HOW) it will be recorded.

The activity diagram for UC3 "Determine trial design” is shown in Figure 5.5. This diagram
is prepared using articles by Haute Authorité de Santé [2021], Neugebauer et al. [2017], and
Zannad et al. [2014] as the main sources, since the MDR does not provide specific examples of
trial designs. The ISO 14155:2020 briefly lists a few examples of the design, but only in general
terms such as crossover, randomised, and blinded. The flow for determining the trial design
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begins by asking the user if it is possible to have a control group in the clinical investigation.
If a control group is feasible, the next step is to determine whether blinding of the control
group is possible, followed by the selection of the comparator(s). The flow continues with a
series of questions on the trial design, which helps narrow down the options to identify the
most applicable design for the trial. The flow concludes with questions about blinding other

participants involved in the trial.
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Figure 5.5: Activity diagram for UC3.
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The activity diagram for UC4 "Calculate sample size” is shown in Figure 5.6. The sources used
to prepare this diagram are the article by In et al. [2020] and the books by Bland [2000] and Zar
[2016]. The flow leads to one of eight methods, as only one method is necessary for calculating
the sample size. The note "Calculation of sample size”! can be applied by the user to assist in
a method for calculating the sample size. Even though the MDR and ISO 14155:2020 do not
specify methods, they mandate that the clinical investigation plan must incorporate statistical
considerations, including sample size, based on power calculation if applicable. Therefore, the
provided methods are sourced from additional literature. Given the phrase ’if applicable’, the
methods for population mean and population proportion are included. Activities related to the
drop-out rate are also included, as considerations of drop-out rate are essential in designing the
statistical analysis, as outlined in ISO 14155:2020 Annex A7.
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Figure 5.6: Activity diagram for UC4.
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with the calculated sample size [ Ask the user to adjust the calculated sample size with }
j

1See External appendix
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The activity diagram for UC5H "Determine duration and follow-up” is shown in Figure 5.7. The
sources used to prepare this diagram are the Commission Guidance [The European Commission,
2024|, the MDCG 2020-6 [The Medical Device Coordination Group, 2020c| and the MDCG
2024-3 [The Medical Device Coordination Group, 2024]. The flow involves two parts. The first
part is choosing a duration. There is limited literature describing how to determine a trial
duration, as it depends on various factors. Therefore, ACIT asks the user to draw on existing
clinical experience from similar devices and provides examples of factors that influence the
duration. The second part is choosing criteria and procedures for the follow-up on subjects. Due
to the lack of well-defined criteria and procedures in scientific literature, ACIT similarly asks
the user to draw on existing clinical experience from similar devices.

ACIT
Determine duration
and follow-up
—

Ask the user if a duration
for the investigation has
already been chosen
1S0 14155:2020 A.1.5
MDR Annex XV Chapter 11{1.14)

Ask the user to draw on
existing clincial experience
[Duration from similar devices through

not chosen] literature, post-market
[Duration survelllance data, and
chosen] expert opinions
Ask if the user wants to
choose another duration [Yes]
[Awvallable] Not available]
Ask the user to choose a duration

Ask the user if the findings
are convenient to be applied
to this clinical investigation
to demonstrate the safety
and performance of the device

for the investigation, which must be
long enough to permit the demonstation
of clinical performance or safety and allow
any risks in relation to adverse device
effects to be identified and assessed

(consider the endpoints, ethics,

intended use, expected duration

of benefit, and the characteristics

of the patient population)
MDCG 2024-3

[No]

with the duration

[Criteria and procedures [Updale the file "User inpuls"}

not chosen]

Ask the user to draw on Ask the user if criteria and
existing clincial experience procedures for the follow-up
from similar devices through of the subjects has
literature, post-market already been chosen
surveillance data, and 1SO 14155:2020 A.6.4(g)
expert opinions
1SO 14155:2020 6.2.3

[Criteria and
rocedures chosen]

[Available]
[Not available] [No] Ask i the user wants to
rewrite the criteria and

procedures

Ask the user if the
findings are convenient
to be applied to this
clinical investigation

Ask the user to define criteria and
procedures for follow-up for subjects
following the end of and the temporary halt,
or early termination of the investigation,
for follow-up of subjects who have
withdrawn their consents and
procedures for subjects lost to follow-up
MDR Annex XV Chapter 11(3.15)

Update the file
"User inputs"
with the criteria
and procedures

Send the added
criteria and procedure

[Yes] The added criteria
and procedures

. _ | Listwithcriteria | has been sent
and procedures \—

Figure 5.7: Activity diagram for UC5.
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The activity diagram for UC6 "Handle learning curve” is shown in Figure 5.8. This diagram
is prepared using the articles by Khan et al. [2014], Haute Authorité de Santé [2021], Motte
et al. [2017], and Neugebauer et al. [2017]. The flow starts with the user defining variables and
confounding factors. The user can seek assistance in the note "Handle learning curve”'. Next,
the user must plan how to report the confounding factors. The remaining activities focus on the
operator. For three of these activities, specific methods and types of training identified through

the articles are provided.

ACIT
Handle learning curve

Ask the user to define variables

for measuring the surgical process Ask the user to define
and/or measuring patient outcomes confounding factors
see section 1.0 in the note see section 2.0 in the note
Handle learning curve Handle learning curve

_______ Send the added e e __ Send the added
! variable(s) | «lterativers ! factor(s)

The added factor(s)
has been sent

The added variable(s)
has been sent

Update the file "User inputs”
with the variable(s)

with the factor(s)

|
|
|
|
|
|
|
: Update the file "User inputs"
|
|
|
|
|
|
|

[Yes] [¥es] Ask the user to plan how
to report the confounding
factors
Listwithadded | _, | L___________
variable(s)
Update the file "User inputs”

with the plan

\r

Choose a methed to
quantify the learning curve
1SO 14155:2020 A.7(f)

[Method chosen]

Update the file "User inputs"
with the method

Ask the user to quantify the
experience of the operator(s)

1SO 14155:2020 A.7() [Plot of

outcome [Linear [Cumulative sum [Self-elected
against regression] [(CUSUM) analysis] |method]
experience]

Update the file "User inputs"
with the experience of the
operator(s) Method not chosen] no method chosen

Error message showing

Choose the type of training

for the operator(s)

[Yes]
[Simulation
training]

[Real-world [[No traning |[Self-elected
training] needed] training type]

Error message showing
with the type of training [Type of traning chosen] [Type of training not chosen] no training chosen

Update the file "User inputs"

Choose a method
1o assess the
competences acquired
through the training
1SO 14155:2020 A.7(f)

[Method chosen]

Update the file "User inputs"
with the method

Ask the user to define the
leaming plateau where

the learning of the operator(s) [Yes]
has reached a steady level
1SO 14155:2020 A.7(f) [Objective structured [Objective structured [Self-elected
[Checklists] |assessment of technical |clinical examination method]
skills (OSATS)] (OSCE)]

Update the file with

the learning plateau Error message showing
%5 [Method not chosen] no method chosen

Figure 5.8: Activity diagram for UC6.

!See External appendix
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The activity diagram for UC7 "Monitor the clinical investigation” is shown in Figure 5.9. The
sources used to prepare this diagram are the MDCG 2024-3 [The Medical Device Coordination
Group, 2024], the Clinical Investigation Plan template by Swissethics [2022], the application
form for the authorisation for clinical investigations of medical devices by Leegemiddelstyrelsen
[2024] and the article by Qserve CRO [2023]. The activity diagram encompasses several elements
required in the application of the clinical investigation. First, the monitor must be appointed,
and relevant information of the monitor collected. Second, the user must determine whether a
DSMC is needed and enter the necessary information based on the decision. The subsequent
activities involve data and document management, followed by planning various types of visits
and outlining how to report to the competent authority.

ACIT
Monitor the
clinical investigation

[Is not conducted]

Ask the user if a general outline
of the monitoring plan which
follows a risk-based approach
has already been conducted
1SO 14155:2020 6.7

1SO 14155:2020 A.6.5

Ask the user to collect the
contact information of the monitor:
- Name of the contact person

Appointa monitor, who is
independent of the
investigation site and

Ask the user if a
data safety monitoring committee
(DSMC) is needed
for more information see
1SO 14155:2020 6.11

can understand documents
in the written language
MDR Annex XV Chapter I1i(4)

- Title
- Address
- Phone number

- E-mail
SO 14155:2020 E.1.28

Update the file "User inputs" \L[Needed] J/[Nm needed]
[1s conducted] Individual] {[Company] |[Institution] |[Organisation] | | With the information of the monitor
L I |(Company] | 1|10 ! T Ask the user to provide: Ask the user to provide
- The composition of the DSMC an explanation of why a

DSMC is not needed
MDCG 2024-3 3.14

- Asummary of its role
- Asummary of its reproting

menitor qualification and

Update the file

Ask the user to specify the J

o g " [Monitor not appointed] [Monitor appointed] required training acording to stucture
LD 150 14155:2020 9.2.4.2 - A statement of whether it is
with the: ganaral Error message showing Update the file "User inputs" independent from the sponsor
°“"“"e. Gifiiis no monitor appointed with the choice of the monitor and competing interests

monitoring plan

Update the file "User inputs"

with the specification of the
monitors qualification and training

Update the file "User inputs”
with the information
of the DSMC

IChoose a strategy for keeping 1’

documentation and records Ask the user to describe

the investigation site(s)
facllities and the rationale
for the selection(s)

Ask the user to plan the
interim monitoring visits

Choose the type of
monitoring
[Electronic Update the file "User inputs” 1S0O 14155:2020 6.7(c
Data with the information of the
E:Imma\ Trial | Gapture Enp;ti?:;;msm [Self-elected i igation site(s) and
. as’;:‘r]ne]mem System] strategy] the rationale for the
¥ selection(s)
‘Ask the user to plan the [Remate] Lon's“e] [Both types]
site(s) selection visit
[Strategy chosen] [Strategy not chosen] [Monitoring Error message
. Hpe ot showing no monitor
Ask the user to provide Error message showing quale the fiie " Lisar I!‘lpuls chosen] type chosen
detailed d " no strategy chosen with the plan of the site(s) "
a delaled cescription selection visit [Monitoring
of the strategy type chosen]

Ask the user to plan the
site(s) initiation visit
1SO 14155:2020 7.2

Ask the user to plan the
site(s) close-out visit
see routine close-out in
SO 14155:2020 8.3

Update the file "User inputs"
with the plan of the interim
monitor visit, including

the type of monitoring

Update the file "User inputs”
with the strategy and the
detailed description

Update the file "User inputs"
with the plan of the site(s)
initiation visit

Ask the user to provide a
detailed description of
which data and documents
will be monitored and to
which extent

Update the file "User inputs™
with the description of the
data and documents that will
be monitored and to
which extent

Update the file "User inputs"
with the plan of the site(s)

to review the monitoring visit reports, close-out visit

follow-up on monitering findings.
and corrective actions

‘ Ask the user to describe prDCEdurESJ

Ask the user to plan
when to report to the
competent authority

Update the file "User inputs"
with the reporting plan

Update the file "User inputs"
with the procedures

Figure 5.9: Activity diagram for UCT.
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The activity diagram for UC8 "Handle device changes” is shown in Figure 5.10. The sources used
to prepare this diagram are the MDCG 2021-6 revision 1 [The Medical Device Coordination
Group, 2023|, the MDCG 2020-1 [The Medical Device Coordination Group, 2020a/, and the
articles by Haute Authorité de Santé [2021] and Neugebauer et al. [2017]. The activity diagram
outlines various methods for determining the timing of assessment of the medical device for a
clinical investigation. Only one method can be applied. The methods are prioritised as follows:
first, follow the IDEAL-D Framework and Recommendations; second, change the trial design to
a tracker trial design; and third, follow recommendations from the expert panel. Additionally,
the diagram includes the activity "Record a device change” which is meant to serve as an image
for the user. This image is useful to the user when an actual change in the device occurs during
the clinical investigation, as it depicts the procedure and provides references to relevant guidance

documents.

Handle device
o ]

Ask the user If hefshe
wants to choose the
timing of assessment

ACIT

[Yes]

Define the change in details

Define the rationale
for the change

Conduct a comprehensive
impact analysis
Perform a risk assessment

Assess If the
change to the device
alter the risk profile
or adds new risks

Ask the user if the device
is expected to evolve in
technology in such a degree that
it will affect the main function

K v

See the guidance document
MDGG 2021-6 Rev. 1, Annex Il
for examples on
substantial modifications

Ask the user to see the
IDEAL-D Framework
and Recommendations

Assess If the change
fits on one of the examples in
MDCG 20216 Rev. 1, Annex Il

Continue with planning
the clinical investigation
(o modification needed)

[Possible to adapt
to the device under
investigation]

[Impossible to adapt
to the device under
investigation]

Follow the
IDEAL-D Framework
and Recommendations

Ghoose tracker
~|__trial design

‘Ask the user if hefshe wants to
change to study design to the
tracker trial design
10 take device changes
into account

[The change
does not fif]

[The change
fits]

J/WES]

Determined as a
non-substantial
modification

Determined as a
substantial modification

[Yes]

Ask the user if it is
possible to get the
manufacturer to consult

Assess If the changes
is likely to have an impact

on subjects participating

[Class 11l device an expert panel

MDR (57)

[EUDAMED is
not available]

[EUDAMED is
avallable]

Keep the information in
EUAMED upto date

Follow the national requirements

in the clinical investigation

OR
class IIb device]

Check the national requirements

[Other
class]

[No impact
on subjects]

[Possible]

[impossible]

Assess if the changes
is likely to have an impact
on generated clinical data

Handle device
changes throughout the
dlinical investigation
(begin the investigation
when the planning is

Follow the recommendations
from the expert panel

[No impact on
clinical data]

completed) [Y’?Sv Oanhe Update the documentation in
rights, safety. | |rveq onthe accordance with written procedures
or health of robustness or for managing documents and
the subjects] reliability of document changes

the clinical data] (E.g. Investigator's brochure,
Case Report Form(s),
Informed Gonsents form(s), and

Instriictions for Use)

[Noj

|

Update the file
"User inputs”
with the method

[EUDAMED is
avallable]

Submit the Fillin the template
notification provided in
in the EUDAMED MDCG 2021-28

Notify the
competent authority

[EUDAMED is
notavailable]

Ask the user If
heishe wants to view the
procedure for handiing
a device change

Figure 5.10: Activity diagram for UCS.

The activity diagram for UC9 "Handle adverse events” is shown in Figure 5.11. The MDCG
2020-10/1 |The Medical Device Coordination Group, 2020b] is applied to prepare this activity
diagram. The diagram outlines several of the elements involved in a strategy for handling
adverse events. First, the user needs to define how the record the events. Second, the user must
define how information about the events will be communicated to the investigator(s) and the
subjects in the trial. Third, the reporting format must be determined. Lastly, the diagram
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includes the activity "Register when a reportable event occurred” which is meant to serve as
an image for the user. This image is useful to the user during the clinical investigation as it
illustrates the required information that needs to be reported and all the important deadlines.
Furthermore, the image includes references to relevant guidance documents, an article in the
MDR and an annex in the ISO 14155:2020.

ACIT

Register when a reportable

event occurred

3 [is not conducted]

Ask the user if Ask the user to define how to

a strategy for record the adverse events, any
handling adverse device deficiency, and new
events is already findings in refation to any
conducted reportable event

See the st in
MDR Article 80(1)

[The investigator reports

Within the reportable event to the sponsor]

3 calendar days

Collect the following general information:
- EUDAMED/C IV-ID
- The tite of the clinical investigation
numberfcode
- Name, address, e-mall, telephone number of the contact person
- The reference numbers for each participating Member State and competent authority
- The total number of subjects enrolled to date
- Number of subjects enrolled to date per country
- The type of device under investigation
- The name of the Member State (e.g. Leegemiddelstyrelsen)
- The total number of investigational devices used to date
- Number of investigational devices to date per country
- Date when the report is compiled for transmission to
the competent authority (format DD/MM/YYYY)
MDCG 2020-10/1

Categorise the event according to Figure F.1 for
adverse events and Figure F.2 for device deficiency in
1SO 14155:2020 Annex F

I

'd Collect event details for each unique reportable event:

Send the added
method(s)

The added method(s)
has been sent

Update the file "User inputs" with
the methad(s) for recording

Iis
conducted]

Update the file
"User inputs”
with the

[No]

method(s)

- Status
(A = added, D = deleted, M = modified, U = unchanged)
- Date sponsor received report of the event (format DD/MM/YYYY)

Ask the user to define
how information about
adverse events, device

deficiencies, and findings

will be communicated to
the investigator(s)

Ask the user to define
how information about
adverse events will be
communicated to trial
subjects

2

Update the file "User inputs”
with the strategy to inform
the investigator(s)

Update the file "User inputs”
with the strategy to inform
trial subjects

- Contry code
- Name of the investigation site
- Subject ID code
- Date of procedureffirst use of the device (format DDIMMYYYY)
- Date of event onset (format DD/MMYYYY)
- Choose If the event is a serious adverse event or a device deficiency
- The subject's age and gender
- The current location of the device
(investigational site, sponsor, manufacturer, remains implanted,
discarded, unknowm, OR other)
- Classification of the event

(death, life-threatening iliness or injury, permanent imparment/chronic disease
hospitaiisation, medical or surgical infervention, not applicable,
OR foetal distress, feetal death or congenital physical or mental or birth defect)
- Free text description of the event
- Device issue if applicable
- Clinical signs/symptoms
- Clinical impact
- Free text description on aclions taken, treatment(s) administered and the outcome

I

Choose the format
of the reporting

Use the appendix
e rary|

Safety Reporting Form
from the guidance document
MDCG 2020-10/1

Clinical [Absence of [EUDAMED is _[Use the web form - Relationship to the device
EUDAMED] avallable and ~ | via EUDAMED (not related, possible, probable, OR causal)

fully functional]
[EUDAMED is
avaliable but

not mandatory]

- Unanticipated serius adverse device effect (yes OR no)
- Investigation am
(test group, comparision group, blinded, OR not applicable)
- Event status
(resolved, resolved with sequelae, ongeing, OR death)
- Date of revent resolution (format DD/MM/YYYY OR "Not applicable”)
MDCG 2020-10/1

X TEvent which Indicate an mminent fisk TAny other reportable event X
OR

of death, serious injury, or serious iliness
AND Immediately,

ut no later than
7 ca\enTruays

Use the appendix
Clinical Investigation Summary

Safety Reporting Form

from the guidance document
MDGG 2020-10/1

OR
Use the web form via EUDAMED,

Y

[Updale the file "User inputs” with the format of the repomng]

Immediately,
but no later than  requires prompt remedial action
2 ca\enTrdays for other patientsfsubjects, users

new finding/update]

of other persons o a new finding to it]

Report tothe
competent authority

Report to the
Manufacturer

Ask the user if he/she wants to view
the reporting procedure for when an
reportable event occurs

[Mimely reparting
not possible]

[Mimely
reporting]

Submitan Incomplete Submita
initial report complete report
MDR Article 80(2 MDR Article 80(2

Register when a reportable [Noj
event occurred

Figure 5.11: Activity diagram for UC9.

5.6 Functional Requirements

Based on the description of the aim and functionality, the use case diagram, the use case
descriptions, and the activity diagrams, the must have functional requirements for ACIT are
formulated. These requirements are listed in Table 5.11.

44 of 72



Aalborg University 5.6 Functional Requirements

Table 5.11: Functional requirements for ACIT.

ID Functional requirement

FR-1 | ACIT must create an electronic file called "User inputs” for storing inputs given by
the user.

FR-2 | ACIT must update the file "User inputs” every time the user has provided an input.

FR-3 | ACIT must have a user interface serving as a dynamic questionnaire which follows a
flow path depended on the inputs provided by the user. The interface must enable
the user to write free text and choose a predefined option, depending on the question.
FR-4 | ACIT must generate the file "Clinical Investigation Planning draft” and make this
available to the user. This is a document that contains questions from the ACIT
questionnaire along with corresponding answers. The document only contains the
questions and answers relevant to the flow path the user has completed.

FR-5 | ACIT must receive the risk class, intended purpose, and claimed clinical benefit(s)
for the device under investigation, and must only allow the user to design the clinical
investigation if they are received.

FR-6 | ACIT must follow the flow to design the clinical investigation:
1. Create the file "User inputs”

2. The user enters the risk class, intended purpose, and claimed clinical benefits for
the medical device under investigation

3. Determine endpoints

4. Determine trial design

5. Calculate sample size

6. Determine duration and follow-up

7. If the trial involves a surgical or interventional technique to be assessed, continue
to handle learning curve. If not, continue directly to monitor clinical investigation

8. Handle device changes
9. Handle adverse events

10. Generate the file "Clinical Investigation Planning draft” using the answers stored
in the file "User inputs”

FR-7 | ACIT must assist in the content and formulation of the primary endpoint, the
secondary endpoint(s), and, if applicable to the clinical investigation, the composite
endpoint(s). If the user has already composed the endpoints, then ACIT must allow
the user to enter these endpoints. ACIT must allow the user to rewrite the primary
endpoint, the secondary endpoint(s), and the composite endpoint(s).

FR-8 | ACIT must list the secondary endpoint(s) and the composite endpoint(s) in individual
lists. These lists must be sent to the file "User inputs”.

FR-9 | ACIT must receive the rationale for the selection and measurement of the primary
endpoint, the secondary endpoint(s), and, if applicable to the clinical investigation,
the composite endpoint(s).

FR-10 | ACIT must provide an error message if the primary endpoint, one of the secondary
endpoints, and/or one of the composite endpoints is not properly defined. An
endpoint is properly defined if it follows the structure WHAT, WHEN and HOW,
is clinically relevant, reflects the intended use of the device, is related to safety,
performance and/or clinical benefit, and has specific and measurable acceptance
criteria. The primary endpoint must be the most important endpoint to the device.

Continued on next page
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FR-11 | ACIT must ask the user whether it is possible to have a control group and whether
blinding of the control group is possible.

FR-12 | If the user has chosen to have a control group in the clinical investigation, ACIT
must assist in the determination of the comparator(s) for the control group. The
comparator(s) can be one or more of the following options: Optimal medical therapy,
blinding of device or procedure, surgical therapy, and active comparator.

FR-13 | ACIT must provide applicable trial designs for the clinical investigation by asking
the user questions related to the trial design. The trial design that ACIT must
propose first is a randomised double-blind control trial. The remaining trial designs
are cluster randomised trial, Zelen’s design, expertise-based randomised control trial,
cross-over trial, tracker trial design, sequential trials, and adaptive trials. If the target
population is very small, one of the following single case experimental design (SCED)
studies is applicable: Mixed multiple baseline SCED, multiple baseline SCED across
subjects, multiple baseline SCED across contexts/settings, multiple baseline SCED
across behaviours, ABAB introduction/withdrawal SCED, and alternating treatment
design. If the user has already chosen a trial design, then ACIT must allow the user
to enter the trial design. ACIT must allow the user to choose another trial design
than the one the user had chosen in advance.

FR-14 | ACIT must assist the user in choosing alternative blinding for the primary healthcare
professional and/or other study personnel. The user must define whom it involves
and how blinding will be achieved. If neither is chosen, ACIT must ask the user
if a blind assessment of the primary endpoint is possible. If a blind assessment is
possible, the user must define who must conduct the assessment and how blinding
will be achieved. If a blind assessment is impossible, ACIT must ask the user to
enter the reason(s) for not using blinding.

FR-15 | ACIT must define methods to calculate the sample size. The methods are population
mean, population proportion, cluster, significance tests, comparison of two means,
two proportions, and correlation. All methods are defined in the note: ”"Calculation
of sample size” (reference number ACIT-N-CoSS). This note must be available to
the user.

FR-16 | ACIT must assist in choosing the level of power and the significance level based on
the note: "Calculation of sample size” (reference number ACIT-N-CoSS). If the user
does not want to choose one of the recommended values of power and/or significance
level from the note, the user can enter a self-elected value. ACIT must provide an
error message if the level of power and/or the significance level is not chosen.

FR-17 | If the user has already chosen a method for calculating the sample size then ACIT
must allow the user to enter the method.

FR-18 | ACIT must ask the user to calculate the sample size based on the chosen method
and to enter the calculated sample size as a number of subjects.

FR-19 | ACIT must ask the user to estimate the expected drop-out rate, and to calculate an
adjusted sample size which take the drop-out rate into account. The equation for
calculating the adjusted sample size is:

Adjusted sample size = Calculated sample size / (1 - drop-out rate)
FR-20 | ACIT must assist the user in the duration of the trial. The duration must be provided
as a number with one of the following units: days, months, years. If the user has

already chosen the duration of the trial, then ACIT must allow the user to enter the
duration as a number with one of the following units: days, months, years.

Continued on next page
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FR-21 | ACIT must assist the user in how to define the criteria and procedures for the
follow-up of the subjects. If the user has already chosen the criteria and procedures
for the follow-up of the subjects, then ACIT must allow the user to enter these.
ACIT must allow the user to rewrite the criteria and procedures.

FR-22 | ACIT must list the criteria and procedures for the follow-up of the subjects in a list,
which must be sent to the file "User inputs”.

FR-23 | ACIT must enable the user to receive assistance in how to handle the learning curve
effect only if a surgical or interventional technique is assessed.

FR-24 | ACIT must refer to examples on variables for measuring the surgical process and/or
measuring patient outcomes, and confounding factors in the note: "Handle learning
curve” (reference number ACIT-N-HLC). This note must be available to the user.

FR-25 | ACIT must list the variables for measuring the learning curve, which includes
variables for measuring the surgical process and/or measuring patient outcomes.
These variables must be entered in a list, which must be sent to the file "User inputs”.

FR-26 | ACIT must list the confounding factors to the learning curve in a list, which must
be sent to the file "User inputs”.

FR-27 | ACIT must provide the following methods to quantify the learning curve: Plot of
outcome against experience, linear regression, and cumulative sum analysis. If the
user does not want to choose one of the provided methods, the user can enter a
self-elected method. ACIT must provide an error message if a method to quantify
the learning curve is not chosen.

FR-28 | ACIT must provide the following options of the training type for the operator(s):
Simulation training, real-world training, and no training needed. If the user does not
want to choose one of the provided training types, the user can enter a self-elected
training type. ACIT must provide an error message if a type of training is not
chosen.

FR-29 | ACIT must provide the following methods to assess the competences of the operator(s)
acquired through the training: Checklists, objective structured assessment of technical
skills, and objective structured clinical examination. If the user does not want to
choose one of the provided methods, the user can enter a self-elected method. ACIT
must provide an error message if a method is not chosen.

FR-30 | ACIT must ask the user to define the learning plateau of the operator(s).

FR-31 | ACIT must assist the user in defining activities within the monitoring plan. If the
user has already defined a general outline of the monitoring plan, ACIT must allow
the user to enter this outline.

FR-32 | ACIT must ask the user to appoint a monitor of the clinical investigation and must
provide the following options: Individual, company, institution, and organisation.
ACIT must provide an error message if no monitor is appointed.

FR-33 | ACIT must ask the user to collect contact information of the monitor including name
of the contact person, title, address, phone number and e-mail, and to specify the
monitor qualification and required training needed before the beginning of the trial.

FR-34 | ACIT must ask the user if a data safety monitoring committee (DSMC) is needed.
If a DSMC is needed, the user must provide information of the DSMC. If a DSMC

is not needed, the user must provide an explanation of why a DSMC is not needed.

Continued on next page
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FR-35 | ACIT must provide the following strategies for keeping documentation and records:
CTMS, EDC system, and paper-based method. If the user does not want to choose
one of the provided strategies, the user can enter a self-elected strategy. ACIT must
provide an error message if no strategy is chosen. ACIT must ask the user to provide
a detailed description of the strategy as well as which data and documents will be
monitored and to which extent.

FR-36 | ACIT must ask the user to describe the investigation site(s) facilities and the rationale
for the selection(s).

FR-37 | ACIT must ask the user to plan the site(s) selection visits, the site(s) initiation visit,
the interim monitoring visits, the site(s) close-out visit, and the reporting plan to
the competent authority.

FR-38 | ACIT must provide the following options on the type of monitoring at the interim
monitoring visits: Remote, on-site, and both types. ACIT must provide an error
message if no monitoring type is chosen.

FR-39 | ACIT must ask the user to describe procedures to review the monitoring visit reports,
follow-up on monitoring findings, and corrective actions.

FR-40 | ACIT must provide the following methods for determining the timing of assessment:
follow the IDEAL-D Framework and Recommendations, choose the tracker trial
design, and consult an expert panel. If the user does not want to determine the
timing of assessment, then ACIT must allow the user to enter the decision.

FR-41 | ACIT must enable the user to see an image of the process regarding how to record a
change in the medical device under investigation.

FR-42 | ACIT must assist the user in defining a strategy for handling adverse events. If the
user has already defined a strategy, then ACIT must allow the user to enter the
strategy.

FR-43 | ACIT must list the methods defining how to record the adverse events, any device
deficiency, and any new finding in relation to any reportable event in a list, which
must be sent to the file "User inputs”.

FR-44 | ACIT must provide methods to report events depending on the stage of EUDAMED.

FR-45 | ACIT must enable the user to see an image of the process regarding how to register
a reportable event under the clinical investigation.

In addition to the list with the functional requirements for ACIT, a requirement traceability
matrix is conducted with the aim of documenting consistency among the use cases and the
functional requirements. The requirement traceability matrix is found in Appendix B.

5.7 Analysis Class Diagrams

Initially, a noun/verb analysis is performed by screening Chapter 5 for relevant nouns and verbs
related to ACIT. The analysis forms the basis for the analysis class diagram. The result of the
noun/verb analysis is arbitrary listed in Table 5.12.
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5.7 Analysis Class Diagrams

Table 5.12: Noun/verb analysis. The words marked in bold are the relationships and classes
used in the analysis class diagram.

Nouns Verbs

Sponsor User Clinical investigation | Ask Must
MDR 2017/745 Note File Show Allow
MDCG 2020-1 Application | Requirement Apply Provide
MDCG 2020-6 Risk class Intended purpose Advise Determine
MDCG 2024-3 Endpoint(s) | Clinical benefit(s) Report Handle
MDCG 2020-10 Trial de- | Sample size Create Conducting

sign
Commission Guidance | Criteria Duration Generate | Receive
ISO 14155:2020 Procedures Subjects Assist Update
Learning curve Technique Manufacturer Define Save
Competent authority | Input Substantiation Enable Calculate
Rationale Monitor Qualification Monitor Register
Training Information | DSMC Choose Rewrite
Site Visit Strategy Display Appoint
Adverse event Finding Device deficiencies Collect Specify
Medical device Decision Device change Plan Describe
Challenges Image Comparator Record Inform
Control group Equation Drop-out rate
Description Draft Follow-up
Operator

The analysis class diagram illustrates the relationships between classes which forms the basis of

the structure of the system [Scott, 2002, p. 45|. Three analysis class diagrams are developed to

illustrate the classes and relationships within ACIT at varying levels of detail. Figure 5.12 depicts

the first version of the analysis class diagram, offering a simple overview. Some classes and

relationships are elucidated below. The unidirectional association labelled "plans” between the

class User and the class ClinicalInvestigation, with the specified multiplicity, signifies that

one to many user(s) plans one to many clinical investigation(s). The composition relationship

between the class ClinicalInvestigation and the class MedicalDevice, with the specified

multiplicity, indicates that one to many clinical investigation(s) cannot exist without a medical

device.
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generates P — — -
Userinputs 1 1 ClinicallnvestigationPlanningDraft ‘
MedicalDevice % 1

updates &
1. 1

< applies — — 4 plans

- 5

| SampleSizeNote | |LearningCurveNmE|

Figure 5.12: Analysis class diagram for ACIT version 1.

In Figure 5.13, the analysis class diagram is detailed with attributes to each class. The
abstract class Note is a generalisation of the non-abstract classes SampleSizeNote and
LearningCurveNote, which both inherit the attributes of the abstract class Note. These
two classes include one attribute which is the note document.

generates — -
Userinputs 1 1 ClinicallnvestigationPlanningDraft
idFileUserlnputs idFileClinical InvestigationPlanningDraft
revisionDate revisionDate
MedicalDevice | 1
intendedPurpose
riskClass updates A
clinicalBenefit 1.* 1
<« applies —— 4 plans
MNote 0.2 1 Clinicallnvestigation 1 1 User
idReference idClinicallnvestigation idUser
version endpoints
materialsUsed trialDesign
reviewer sampleSize
revisionDate durationAndFollowUp
changeDescription monitoring
introduction leamingCurve
deviceChange

ﬂ}‘ ‘fﬁ adverseEvent

SampleSizeNote LearningCurveNote
ACIT-N-CoSS ACIT-N-HLC

Figure 5.13: Analysis class diagram for ACIT version 2.

In the third and most detailed version of the analysis class diagram, depicted in Figure
5.14, attributes two to nine of the class Clinicallnvestigation are represented as eight
separate classes with individual attributes. Conversely, the first attribute to the class
ClinicallInvestigation, "idClinicallnvestigation”, is a primitive type, meaning it contains
only a single value. The classes Operator, Monitor, and DataSafetyMonitoringCommittee are
created, as they represents a person or committee needed in the clinical investigation.
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1

generates P
Userinputs 1 1 Clinicallr \PlanningDraft
idFileUserinputs idFileClinicallnvestigationPlanningDraft AdverseEvent
revisionDate revisionDate methodRecordAdverseEventsAndDeviceDeficiencies
strategylnformir OfReportableEvents
MedicalDevice > 1 strategylnformStudyParticipantOfReportableEvents
o 1 formatOfReporting
intendedPurpose reportingReportableEventsProcedurelmage
riskClass updates A porg=ep =
clinicalBenefit 1.* 1
4 applies 4 plans 1
Note U..pr 1 i Clinicallr igation i 1 2 1. User
idReference ‘ idClinicallnvestigation DeviceChange
varsion methodChooseTimingOfAssessment
materialsUsed 0101{ ’101 1 1T deviceChangeProcedurelmage
reviewer
revisionDate
changeDescription
introduction '
LearningC urve Operator
variablesToMeasureLearningCurve levelOfExpertise
‘ SampleSizeNote ‘ ‘LearmngCurszutel W”;‘;U"E‘WEEWWSR - LI }YPEO”E‘N"Q
N N confoundingFactorsReportingPlan eamingPlateau
‘ACIT N-CoSS ‘ ‘ACIT NHLG | 1 1 1 1 methodToQuantifyl eamingCurve
methodToAssessCompetences
Endpoints TrialDesign SampleSize DurationAndFollowUp
primary controlGroup methodForCalculation | | duration
secondary comparator calculatedSampleSize | | criatiaOrProcedures
composite trialDesign dropoutRate 1
substantiation | | blinding adjustedSampleSize
Monitoring Monitor
informationDSMCNeededOrNot name
strategyDocumentAndRecordKeeping 1 1 title
descriptionStrategy adress
descriptionDataAndDocuments phoneNumber
investigationSiteF acilities e-mail
siteSelectionVisitPlan qualificationAndTrainingMonitor

sitelnitiationVisitPlan
interimMonitoringVisitsPlan

typeOfMonitoring DataSafetyMonitoringCommittee
reviewProcedures
iti
siteCloseQutVisitPlan 1 0.1 f;’;p“‘ on
competentAuthorityReportPlan reportingStructure
statement

Figure 5.14: Analysis class diagram for ACIT version 3.
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6 Discussion

6.1 Identified Challenges Addressed by ACIT

An initial analytical basis for the DSS ACIT is made, which, besides planning of the monitoring
and handling adverse events, centres around addressing the challenges with clinical trials of
medical devices listed in Section 2.2. The analysis shows that the following 11 challenges can be
addressed by ACIT: defining endpoints (1), regulatory compliance (2), selecting control group
(4), blinding and use of comparator (5), handling device changes (6), calculating sample size
(7), long term follow-up (9), high cost and time-consuming (10), randomisation (11), expertise
and learning curve (13), and collection of sufficient high-quality data (14). Some challenges are
addressed in more detail than others. Each challenge is not necessarily addressed adequately,
but a direction has been set for how the challenges can be addressed.

ACIT addresses the challenges by asking the sponsor targeted questions. It is deemed easier to
relate to questions, rather than reviewing the legislation and guidance documents from beginning
to end to identify relevant material, which aid the use of ACIT. The questions that ACIT asks
are general as they must apply to all types of medical devices. It can thus be debated whether
the generic formulation constitutes obstacles which results in a way too vague review of planning
a clinical investigation and handling associated challenges. Some questions are closely related to
the MDR and ISO 14155:2020, such as those in UC1 "Determine endpoints” which involves several
specific requirements of what the endpoints must contain. Some challenges can be addressed so
concretely that ACIT can assist in specific options for methods, variables, and factors, as seen in
UC6 "Handle learning curve”. Other challenges, such as those in UC5 "Determine duration and
follow-up”, are more vaguely addressed by ACIT since these challenges are highly influenced by
the medical device under investigation. In these cases, ACIT encourages the sponsor to consider
what must be taking into account, serving as a starting point for initiating reflections.

The challenge regarding regulatory compliance is addressed by providing references to the
requirements in the MDR and ISO 14155:2020. When sponsors use ACIT, it may help
alleviate challenges related to interpreting legislation involving a clinical investigation, potentially
saving both time and money during the planning phase. Ideally, by using ACIT early in the
planning phase, the content within the clinical investigation application could be of sufficient
quality to achieve a quick approval, as sponsors would have received guidance on challenging
aspects. Furthermore, the time used for planning the trial may be reduced, as using ACIT
early in the process provides a foundation for the further planning activities. The challenge
regarding obtaining sufficient high-quality data is multifaceted, depending on factors such as
trial methodology, including the use of blinding, randomisation, sample size, and endpoint
definition, all which ACIT provides assistance with. The adequacy of clinical data required
varies depending on the specific medical device, its characteristic, risk class, and the amount
and severity of the potential risks. In order to obtain sufficient high-quality data incorporating
other sources of clinical data into the clinical evaluation may be necessary to enhance the level
of clinical evidence, why ACIT can only address the challenge in part.
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6.1.1 Identified Challenges ACIT does not Address

Three of the 14 identified challenges are not address by the use of ACIT. The first unaddressed
challenge is challenge number 3, concerning subject identification, recruitment, and retention.
Subject identification depends on how well-defined the intended use is written by the
manufacturer, as the intended target group should be evident from this. The difficulty in
subject recruitment lies in getting enough subjects to accept participating in the trial within the
allocated time frame. Retaining subjects is challenging as it depend on several factors including
their motivation, the arm of the trial they are assign to, the amount of time and energy required,
and whether they understand the aim of and how to use the device. Furthermore, they have the
right to withdraw their consent and leave the trial at any time. Thus, it is assessed that ACIT
cannot assist in any of these three aspects within challenge number 3.

Challenge number 8, regarding real-world applicability, is a broad aspect that is difficult to
assist in, as it depends on various factors. To some extent, ACIT assists sponsors to consider
certain aspects, such as the skill of the operators. However, not matter what, a clinical trial
will almost always in some degree differ from real-world usage. Perhaps ACIT could ask the
sponsor to contemplate initiatives on how to design the trial to resemble real-world scenarios
more closely. However, these initiatives are very case-specific and depend on several factors,
including available locations and the knowledge of the trial personnel, which may differ from the
knowledge and competences of those who will use the medical device in real-world cases.

The last challenge that ACIT does not address is challenge number 12, concerning cases where a
medical device cannot be evaluated alone. ACIT briefly assess the cases of surgical interventions,
but the question is if that is adequately. The challenge is complex as it depends on the specific
device. However, ACIT could be further developed to offer some guidance that may reduce the
challenge or simply draw attention to the potential issue, thereby enhancing the applicability of
the results obtained from the clinical investigation. This increased awareness will potentially
trigger reflections on how to evaluate the device and enable the sponsor to address the challenge.

6.2 Advantages and Limitations of ACIT

The two developed notes, which ACIT refers to, can serve as helpful tools to enhance support for
sponsors. Nevertheless, these notes are not comprehensive and needs to be further elaborated.
The extent of this refinement should be evaluated in collaboration with intended users of ACIT.
Moreover, it is essential to assess whether these notes provide value to the intended users and
determine if additional notes need to be developed, and if so, what specific content is needed.

Relying solely on the MDR, ISO 14155:2020, and guidance documents pertaining to clinical
investigations is insufficient for making the knowledge base of ACIT, as these sources did not
provide concrete examples or guidance on specific design choices. Consequently, a range of
articles, books, and frameworks for the clinical investigation application form were consulted to
develop the use cases and activity diagrams. This raises questions about ACIT’s conformity with
the legislation. It is therefore necessary to carry out quality assurance. If possible, consulting a
conformity authority with the aim of verifying that ACIT comply with the legislation shall be
done.

Cardiovascular devices are often high-risk class devices and thus they must undergo a clinical
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investigation. Zannad et al. [2014] states that no universal trial design applicable to all
cardiovascular devices exist, as variables such as the type of trial, target population, and suitable
comparator, if any, can all influence the design of a clinical investigation. This underscores the
utility of ACIT, as it allows sponsors to choose from a range of different design options and
thereby tailor the design of the clinical investigation to the specific circumstances. ACIT is
intended to be applicable for planning of any clinical investigation involving a medical device,
regardless of the type and risk class of the device. However, it is difficult to assess whether
it is realistic at the current time. To assess which type of medical devices ACIT can provide
assistance to, a comprehensive analysis of existing medical devices, their functionalities, and the
methodologies employed in their clinical investigations can to be made. This analysis can offer
insights into how ACIT may be adapted to accommodate as many devices as possible. However,
given the rapid pace of innovation in the MedTech industry, with new devices and assessment
methods frequently emerging, ACIT must undergo continuous updates to remain current with
evolving knowledge.

Developing ACIT as a DSS is advantageous due to the complexity of planning a clinical
investigation, which requires consideration of various aspects of trial design to obtain the right
kind of clinical data with a high level of evidence which the manufacturer can use in the clinical
evaluation. According to [Burstein and Holsapple, 2008, p. 180], a DSS of the type of a rule-based
expert system offers benefits by emulating human expertise. Especially since sponsors must
act as experts themselves, they may find some support and reassurance in using ACIT in the
initial design phases of a clinical investigation. An additional benefit provided by [Burstein
and Holsapple, 2008, p. 180|, is the fact that an expert system is always accessible to the user.
However, a drawback of expert systems is that the knowledge base must be updated when new
knowledge becomes available [Berner, 2016, p. 32|. This knowledge can consist of changes in
legislation such as the ISO 14155:2020, which is currently under development to a new version,
or the release of new guidance documents.

It is interesting to investigate if and how the pre-analysis can be used elsewhere. Although
the pre-analysis is not an integrated part of ACIT, it may still provide value in addressing the
challenge of regulatory compliance by presenting a way of illustrating the process of a clinical
investigation. It would be interesting to explore whether the pre-analysis can be applied as
a standalone tool in the form of a flowchart which can be used by sponsors and competent
authorities in the EU. Similarly, this concept could be extended to the "Record a device change”
activity in the activity diagram for UC8 and the "Register when a reportable event occurred”
activity in the activity diagram for UC9.

6.3 Future Work

An initiative to make ACIT more supportive to sponsors in decision-making actions could be to
increase the level of the provided information. A interface could, beyond presenting the questions,
feature an in-depth descriptions and explanation of advantages, disadvantages, and relevant
considerations in relation to the question. To achieve a more complete system, ACIT could
be expanded to assist in all parts within planning of a clinical investigation, and not just the
challenging parts identified from the literature search along with planning of the monitoring and
handling adverse events. This expansion could include assistance on subject selection, handling
insurance, and handling the informed consent process. However, there is a risk of making ACIT
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redundant if it assists with tasks the sponsor is already familiar with and has expertise in. The
alm is to find an appropriate balance in how much ACIT shall assist in decision-making in a
way that it will provide most value to the sponsor. ACIT should allow sponsors to leverage
their existing knowledge and to make independent decisions. Therefore, some part of the flow
in ACIT include options for self-elected values or entering pre-defined strategies, ensuring that
sponsors remain responsible for selecting the most appropriate design choices based on the
guidance provided by ACIT without being completely limited to the predefined options.

A path for the further development of ACIT is integration with existing systems. Integrating
ACIT into a CTMS, which sponsors already commonly use, could be a logical next step. CTMS
is typically utilised from the enrolment of the first subject, offering functionalities such as
managing trial data, calendar planning, and ensuring that all information on e.g. sites, trial
personnel, and subjects are updated. However, a CTMS does not address how to design the
clinical investigation and do not provide assistance in the form of decision support during the
planning phase. By integrating ACIT into a CTMS, sponsors would have all the necessary
tools assembled at one place, which simplifies the process of planning and conducting a clinical
investigation.

If not integrated with a CTMS, ACIT could instead be modified to create or update existing
relevant documents within the clinical investigation directly rather than storing all the information
in the file "Clinical Investigation Planning draft”. The file serves more as a note rather than a
formal document that could be directly applied in the clinical investigation application. If this
approach is followed, the efficiency and effectiveness of ACIT could be enhanced.

Currently, as intended users of ACIT, i.e. sponsors, are not engaged in the development process,
it is uncertain whether all user requirements have been obtained. Therefore, involving intended
users in the requirements-gathering phase for ACIT is necessary. Furthermore, one or more
competent authorities may contribute to gather further requirements. The process of gathering
additional requirements will begin by elucidate the identified problems of clinical trials from the
literature and present the initial analytical basis for ACIT and how it relates to the problem
domain. Subsequently, the intended users will be asked to provide their inputs on whether
ACIT can address the identified problems and how they envision its application in real-world
scenarios. There is a chance that the intended users will present more challenges than those
already identified through the literature, which then needs to be analysed to assess whether
these challenges can be reduced by applying ACIT. After the new requirement analysis has
been completed, the V-model can be effectively applied to the development of ACIT, continued
with founding on the existing steps in the system design process. The OOA of ACIT facilitates
object oriented design and programming, which will be used in the later processes of the system
development. To ensure the completion of the system development through all processes of the
V-model, it is crucial to establish a development team and perform a clear development and
testing strategy as initial steps. To be in line with the V-model, the design of the acceptance
testing must be planned first. This will include end-user testing where it is investigated whether
the end-user finds that the requirements are accommodated and if the DSS can be accepted.
There will be at least one test case for each use case, testing real-world scenarios. The test needs
to be performed multiply times for various types of medical devices of different risk classes. The
aim and expected result of the tests must be defined, followed by a step-by-step procedure for
execution of the test and the criteria for when the test is passed.
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7 Conclusion

One of the sources for generating clinical data is conducting a clinical investigation of the
medical device under investigation, which is done by the sponsor. Through a literature search, 14
challenges regarding clinical trials of medical devices are identified. These challenges need to be
addressed by the sponsor at an early stage of the planning process. Currently, no assisting tool
exist that supports sponsors in decisions related to the planning process of a clinical investigation.
A decision support system may serve as a tool to sponsors, assisting in the challenging aspects
of planning a trial design of a clinical investigation. In this master’s thesis, the initial analytical
basis for an EU MDR, 2017/745 compliant decision support system, ACIT, is developed.

The format of ACIT is a questionnaire, which follows a flow path. ACIT asks questions to
the user related to the trial design. The answers along with information from the relevant
question are presented in a file, serving as the foundation for filling out documents for the clinical
investigation application.

The problem domain that ACIT is to address, is analysed to determine the desired behaviour,
requirements, and structure of the decision support system. The analysis results in user
requirements, a use case diagram along with use case descriptions, activity diagrams, functional
requirements, and analysis class diagrams. This requirement analysis and system design compose
the first two processes of the V-model. The results from these processes serve as a stepping
stone for the remaining phases including the design, coding, and test phases which is outside
the scope of this master’s thesis.

By asking questions, ACIT forces the sponsor to be aware of and reflect on the challenges
which provides a stronger foundation for designing a clinical investigation. ACIT also provides
the sponsor with references to methods and guidance for handling challenges. Of the 14
identified challenges, ACIT is able to address the challenges regarding definition of endpoints,
regulatory compliance, selection of control group, blinding and use of comparator, handling device
changes, determination of the sample size, long term follow-up, high cost and time-consumption,
randomisation, assessment of expertise and learning curve, and collection of sufficient high-quality
data. ACIT does not address the challenges regarding identification, recruitment, and retention
of subjects; real-world applicability; and cases where a medical device cannot be evaluated alone.

ACIT needs further development, as it is currently in the initial stages of a software system
development life cycle with no technical elements developed. ACIT must undergo quality
assurance to verify that the content of ACIT complies with the MDR and ISO 14155:2020
prior to further system development. Further development should include considerations from
end-users of ACIT in order for ACIT to be a useful decision support system that will be accepted
and applied in real-world cases.
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A Literature Search Documentation

This appendix covers the search protocols, the block searches, and the search documentation
forms for the two literature searches that forms the basis of the problem analysis. Additionally,the
two search strings, one for each research question are presented. Besides, deviations from the

two search strategies are described.

Table A.1: Search protocol applied in the first systematic literature search.

First

research question

What are the challenges for manufacturers and sponsors with planning

and conducting a clinical investigation under MDR for a medical
device?

Databases

PubMed, Embase, CINAHL, IEEE Xplore, and Scopus

Search strategy

1) Block search with truncation, phrase searching, and boolean
operators (AND, OR)

2) Backward snowballing

Inclusion criteria

- Sources in Danish and English
- Sources published from 01,/01/2014 to 19/01/2024

- Sources of all kinds of publication types

Exclusion criteria

- No access to full text
- Sources that focus on regulations or guidelines outside of the EU
- Sources that focus exclusively on paediatrics

- Sources with a different focus than a clinical investigation or clinical
trial

Table A.2: Search protocol applied in the second systematic literature search.

Second

research question

Which, if any, tools can support sponsors in facilitating a clinical

investigation in compliance with MDR?

Databases

PubMed, Embase, IEEE Xplore, and Scopus

Search strategy

1) Block search with truncation, phrase searching, and boolean
operators (AND, OR)

2) Backward snowballing

3) Search on the internet search engine Google

Inclusion criteria

- Sources in Danish and English
- Sources published from 01/01/2014 to 19/01/2024

- Sources of all kinds of publication types

Exclusion criteria

- No access to full text

- Sources that focus exclusively on regulations or guidelines outside of
the EU

- Sources that focus exclusively on paediatrics

- Sources with a different focus than a clinical investigation or clinical
trial

- Sources that do not present a tool or framework
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Table A.3: Block search applied in the first systematic literature search.
AND
“clinical investigation™” "medical device regulation™” challenge*
”clinical stud*” “Investigational medical device*” barrier*
clinical trial*” "european medical device regulation™” problem™
"systematic investigation®” | “medical device legislation™” issue*
“clinical research” "regulation 2017/745” effect™®
OR "research design™*” "EU medical device regulation 2017/745” | difficult*
"study design™” consequence®
“clinical trial design*” impact*
“clinical protocol®” innovation*®
“clinical evaluation™” implication*®
requirement*
"regulatory science”

Table A.4: Block search applied in the second systematic literature search.

AND

OR

“clinical investigation™”

“medical device regulation*”

"regulatory tool*”

clinical stud*”

"Investigational medical device*”

“supporting tool*”

“clinical trial*”

“european medical device regulation™”

“assisting tool*”

“systematic investigation™”

"medical device legislation™®”

Yassessment tool*”

“clinical research” “regulation 2017/745” "decision support system*”
"research design*” "EU medical device regulation 2017/745” | system™
“study design®” guidance™®

Vclinical trial design*”

“decision support”

7clinical protocol®”

“decision making”

clinical evaluation™”

protocol®

framework*

Table A.5: Search documentation form applied in the first systematic literature search in the
database PubMed. The search only includes sources published from 01/01/2014 to 19/01/2024.

Search No. | Search term Hits: 19/02/2024
#1 ”clinical investigation™” 13,005

#2 clinical stud*” 97,544

#3 “clinical trial®”’ 452,123

#4 "systematic investigation®” 3,981

#5 “clinical research” 221,481

#6 "research design*” 68,859

H#H7 "study design*” 161,272

#8 clinical trial design™” 3,746

#9 ”clinical protocol™” 12,580

Continued on next page
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Search No. | Search term Hits: 19/02/2024

#10 “clinical evaluation™®” 22,517

#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR | 947,108
#8 OR #9 OR #10

#12 "medical device regulation™” 295

#13 "investigational medical device®” 15

#14 "european medical device regulation™®” 30

#15 "medical device legislation™*” 312

#16 "regulation 2017/745” 15

H#17 "EU medical device regulation 2017/745” 6

#18 #12 OR #13 OR #14 OR #15 OR #16 OR #17 534

#19 challenge™ 620,847

#20 barrier*® 268,478

#21 problem™ 538,618

#22 issue* 412,876

#23 effect™ 4,668,488

#24 difficult™® 386,899

425 consequence™ 234,406

#26 impact™® 1,152,971

#27 innovation* 416,900

#28 implication™ 380,559

#29 requirement* 160,632

#30 “regulatory science” 3,320

#31 #19 OR #20 #21 OR #22 OR #23 OR #24 OR #25 | 6,820,608
OR #26 OR #27 OR #28 OR #29 OR #30

#32 #11 AND #18 AND #31 85

Search string applied in the first systematic literature search

(clinical investigation™” OR ”clinical stud*” OR ”clinical trial®” OR ”systematic investigation™
OR ’clinical research” OR "research design®™ OR ”study design®’ OR ”clinical trial design*”
OR 7clinical protocol*” OR ”clinical evaluation®”) AND ("medical device regulation®” OR
"investigational medical device® OR "european medical device regulation®” OR "medical device
legislation®*” OR, "regulation 2017/745” OR "EU medical device regulation 2017/745”) AND
(challenge® OR barrier® OR problem™ OR issue™ OR effect™ OR difficult® OR consequence™ OR
impact® OR innovation® OR implication®* OR requirement® OR "regulatory science”)

)

Deviations from the search strategy of the first literature search
In the IEEE Xplore database, only a limited number of search terms can be entered. Therefore,
the following search terms are not included: problem™*, issue*, and "regulatory science".

The Scopus database yielded 1246 hits, significantly more than the other databases using the
same search string. To refine the results, additional criteria were applied. The first criterion
involved excluding the following specific subject areas: "biochemistry, genetics, and molecular
biology” and “pharmacology, toxicology, and pharmaceutics”, resulting in 911 hits, still deemed
excessive. A second criterion was applied, requiring the sources to contain the keyword "medical
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device regulation”. This resulted in 312 hits, considered an appropriate number, and thus, these
sources were included as the final identifications from the Scopus database.

Table A.6: Search documentation form applied in the second systematic literature search in the
database PubMed. The search only includes sources published from 01/01/2014 to 19/01/2024.

Search No. | Search term Hits: 19/02/2024
#1 “clinical investigation™” 13,005
#2 clinical stud*” 97,544
#3 “clinical trial®” 452,123
#4 "systematic investigation™” 3,981
#5 “clinical research” 221,481
#6 "research design®” 68,859
H#T "study design™” 161,272
#8 “clinical trial design*” 3,746
#9 “clinical protocol*” 12,580
#10 “clinical evaluation™®” 22,517
#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR | 947,108
#8 OR #9 OR #10
#12 "medical device regulation™” 295
#13 "Investigational medical device*” 15
#14 “european medical device regulation™®” 30
#15 "medical device legislation™®” 312
#16 "regulation 2017/745” 15
H#17 "EU medical device regulation 2017/745” 6
#18 #12 OR #13 OR #14 OR #15 OR #16 OR #17 534
#19 “regulatory tool™” 208
420 “supporting tool*” 301
#21 assisting tool*” 51
#22 Passessment tool*” 28,999
#23 guidance*® 112,559
#24 “decision support” 27,363
#25 “decision making” 167,669
426 framework* 302,310
#27 #19 OR #20 #21 OR #22 OR #23 OR #24 OR #25 | 599,809
OR #26
498 411 AND #18 AND #27 169

Search string applied in the second systematic literature search

("clinical investigation™ OR ”clinical stud®” OR ”clinical trial®” OR "systematic investigation™”
OR 7clinical research” OR "research design®*” OR "study design®” OR ”clinical trial design*”
OR 7clinical protocol*” OR ”clinical evaluation®”) AND ("medical device regulation®” OR
"Investigational medical device*” OR "european medical device regulation®” OR “medical device

legislation®*” OR "regulation 2017/745” OR "EU medical device regulation 2017/745”) AND
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regulatory too supporting too assisting too assessment too
7 lat tool™ OR ” ting tool®” OR ”assisting tool*” OR 7 t tool*” OR
guidance®™ OR “decision support” OR ”decision making” OR framework*)

Deviations from the search strategy of the second literature search

The Scopus database yielded 881 hits, significantly more than the other databases using the
same search string. To refine the results, additional criteria were applied. The first criterion
involved excluding the following specific subject areas: "biochemistry, genetics, and molecular
biology” and "pharmacology, toxicology, and pharmaceutics”, resulting in 640 hits, still deemed
excessive. A second criterion was applied, requiring the sources to be of the type "Journal”. This
resulted in 558 hits, considered an appropriate number, and thus, these sources were included as
the final identifications from the Scopus database.
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B Requirement Traceability Matrix

Table B.1: Requirement traceability matrix of the relationship between the functional
requirements and the use cases.

Functional

requirement

Use case

UcC1

ucC2

ucs

UcC4

ucCs

UcCe

ucr

ucCs

uc9

FR-1

FR-2

FR-3

>

FR-4

FR-5

FR-6

kiR iEsInal s

FR-7

FR-8

FR-9

FR-10

A A A A A

FR-11

FR-12

FR-13

FR-14

A ] R A

FR-15

FR-16

FR-17

FR-18

FR-19

PR A R A

FR-20

FR-21

FR-22

FR-23

FR-24

FR-25

FR-26

FR-27

FR-28

FR-29

FR-30

P PR R PR R R | R

FR-31

FR-32

FR-33

FR-34

FR-35

FR-36

FR-37

FR-38

FR-39

Ik R e e

FR-40

FR-41

FR-42

FR-43

FR-44

FR-45

AR | R
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C Portfolio

Complex, long-term projects involve multiple facets and an increased understanding of the
problem of interest is constantly achieved. Consequently, effective planning and learning demand
the integration of diverse tools, methods, and reflections.

C.1 Activity Plan and Timetable

Essential components of a long-term project spanning several months is planning and
management, given the inherent unpredictability and potential emergence of unforeseen tasks.
To ensure that the thesis reaches its overarching goals within the allocated timeframe, an activity
plan and timetable is established at the outset of the thesis. A tool for work organisation is a
Gantt chart, composed using the software TeamGantt is applied [TeamGantt, 2024]. Moreover,
the backcasting method is applied when preparing the Gantt chart since this method contributes
to a more realistic timetable. This approach allocates more time for the busy periods, as these
are placed earlier. In addition, previous experiences with planning a long-term project are
used as a starting point. The Gantt chart is structured in blocks representing specific project
phases, as illustrated by the grey bars in Figure C.1, and each block can have one to several
subsidiary goals and/or deadlines depicted by yellow rhombus in Figure C.2. Activities are
arranged vertically, and time progresses horizontally.

As it appears from the figures, the Gantt chart facilitates parallel execution of multiple tasks.

Progress FEBRUARY 2024 MARCH 2024 APRIL 2024 MAY 2024

Master thesis 8% 5 2 19 2 a n 8 25 1 8 15 2 29 6 12 20 27

» Projekt definition and discovery 81%
» Litterature search 0%
» Problem analysis 0%
» Problem definition 0%
» Method analysis 0%
» Analysis 0%
» Design 0%
» Test 0%
» Results 0%
» Portfolio 22%

» Discussion 0%
» Conclusion 0%
» Further investigations/Perspectivation 0%

» Formalia 0%

Figure C.1: Overview of the Gantt chart version 1.
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Progress FEBRUARY 2024 MARCH 2024
. N . 5 12 19 26 4 " 18
¥ Projekt definition and discovery 81%
Brainstom 75%
First draft: initiating problem statem...
First draft: thesis statement
v Litterature search 0%
Conduct the structured litterature s... 0% |
Document the search 0% | |
Read papers 0% |
¥ Problem analysis 0%
Define structure 0% :]
Write the problem analysis 0% [ ]
Second draft: initiating problem stat...
¥ Problem definition 0%
Write the problem definition 0% :]

Second draft: thesis statement

Figure C.2: A segment of the detailed Gantt chart version 1.

The Gantt chart is continuously revised to ensure that the overall goals and subsidiary goals are
achieved within the established timeframe. Recognising that an overarching timetable may not
suffice, a detailed document with weekly goals is created, functioning as a comprehensive to-do
list. This document aids in visualising progress and enhances motivation throughout the thesis.

C.2 Learning Needs and Learning Process

I interpret learning needs as the knowledge and skills I require to successfully complete the
thesis. Therefore, from the outset of the thesis, I have aimed to prioritise my own learning
needs. I have achieved this by actively reflecting on what I need to learn during the period.
Initially, I carefully examined the learning objectives and reflected on how these objectives could
be fulfilled. After identifying the requirements and expectations, I further reflected on how I
could steer the thesis in a direction that I find interesting, knowing from previous project work
that the best results are achieved when motivation and engagement are high. Subsequently, I
have framed the learning needs as challenges. Examples of these include: "How can I critically
evaluate sources from a systematic literature search as a sole individual?”’ and "How can I make
a complex activity diagram reader-friendly for an external person, and how can I convey the
diagram in a clear manner?”

A good learning process helps to develop one’s own knowledge, skills, and competences. In this
thesis, I am responsible for driving my own learning process. However, I have the opportunity
for seeking guidance from my supervisor as well as to spar with fellow students. Understanding
that the learning process is cyclical, I have been aware not to become entrenched in old or
initial thoughts and ideas. Instead, I have continuously sought out new knowledge to deepen my
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understanding of a given topic, revisiting initial idea phases such as brainstorming and freehand
drawing. I have frequently jotted down probing questions, which I have then found answers to by
either acquiring new knowledge or restructuring my existing knowledge in different ways, such as
making a brainstorm or creating connections between various keywords using simple figures and
diagrams. An example of this is the analysis phase of the system development of ACIT. While
I had some prior knowledge, I needed to search for and acquire additional information before
commencing the analysis. Subsequently, I had to comprehend and interpret this new knowledge
before drafting various requirements and diagrams. At times, I received critical feedback on
certain tasks, enabling me to revisit earlier phases. I have repeated this process several times,
where possible, to optimise the system development. Another example where I have focused
on the learning process is the textual understanding of sources from the systematic literature
search and standards. I have revisited the same texts and standards multiple times, identifying
sources I initially considered unimportant. With increased knowledge on the subject, I later
recognised these sources as essential. Consequently, I have identified how this knowledge can be
applied in the analysis or as part of ACIT. Broadly, the process has involved first seeking and
learning, then identifying the need for more information to learn and understand further about
a specific topic.

Personally, I enhance my learning by explaining concepts to others or verbalising a topic to
myself. By verbalising my knowledge, I quickly identify gaps that need further investigation,
thus acquiring new knowledge. I have particularly focused on this aspect as I write the thesis
alone and therefore must perform all work processes and make all decisions primarily based on
my own inputs. I have attempted to convey the essence of this thesis to various individuals, such
as family members or peers from study activities studying different subjects, as well as fellow
students from the same field of study, for example, through an activity such as status seminar.
By being able to communicate to different target groups with different levels of knowledge
within the subject, I learn to communicate scientific work on health technology problems and
solutions.
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