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ABSTRACT 

Julia Laurila: Regulatory requirements and quality assurance in medical device development 

– Case Inga 

Master’s thesis 

Tampere University 

Biotechnology and Biomedical Engineering 

May 2026 
 

This thesis examines the regulatory requirements and quality assurance of medical devices 
from the perspective of the Inga R2B project. The project is developing a system consisting of 
three separate devices: a catheter, a sensor, and a software. These devices are used together 
to improve the safety, efficacy and monitoring of labour induction by enabling continuous 
assessment of cervical changes and uterine activity during the cervical ripening and induction 
phase, prior to the onset of active labour. The aim of the work is to determine the initial 
regulatory path for these devices for both the European Union and the United States markets. 
The work also identifies applicable standards and clarifies the necessary steps during the 
development phase before clinical investigation and commercialization. 
 
The work is based on an extensive literature review, regulatory sources, standards, and 
internal project documents. The results were directly applied to the device-specific features of 
the Inga system, whereby separate risk classifications, regulatory strategies and 
documentation requirements were determined for each device. In the EU, all three devices are 
classified as Class IIa according to the MDR and require conformity assessment by a Notified 
Body. In the United States, devices are assessed as independent medical devices from the 
FDA perspective, which leads to three separate 510(k) applications or, if necessary, a De 
Novo procedure. The work shows that the catheter requires clinical investigation to 
demonstrate compliance. 
 
A key part of the future development work consists of appropriate risk management, testing, 
and validation processes according to IEC and ISO standards, clinical design, and preparation 
of extensive technical documentation. In addition, the work identifies the next concrete steps 
of the Inga project, such as finalizing the intended use definition, confirming predicate devices, 
preparing for Q-Submission to the FDA, completing the Fimea application for clinical 
investigation and preliminary building of PMS and PMCF plans. 
 
The work shows that the development of medical devices requires close multidisciplinary 
cooperation, comprehensive documentation and continuous monitoring of the regulatory 
environment. The regulatory analysis of the Inga system based on this work is preliminary and 
will be refined as the device’s technical design, clinical data, and regulatory guidance are 
updated. The results provide a clear structure and path for the project to move from the 
research phase towards commercialization and compliance assessment. 
 
 
Keywords: Medical device, regulatory path, compliance, quality management, risk 
management, clinical investigation, MDR, FDA 
 
The originality of this thesis has been checked using the Turnitin Originality Check service. 
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Tämä diplomityö tarkastelee lääkinnällisten laitteiden sääntelyvaatimuksia ja 

laadunvarmistusta Inga R2B ‑projektin näkökulmasta. Projektissa kehitetään kolmen erillisen 
laitteen, katetrin, sensorin ja ohjelmiston, muodostamaa kokonaisuutta, jota käytetään 
yhdessä synnytyksen käynnistämisen turvallisuuden ja seurannan parantamiseksi. Työn 
tavoitteena on määrittää näiden laitteiden alustava regulaatiopolku sekä Euroopan unionin 
että Yhdysvaltojen markkinoille, tunnistaa sovellettavat standardit ja selkeyttää 
kehitysvaiheessa tarvittavat toimenpiteet ennen kliinisiä tutkimuksia ja kaupallistamista. 
 
Työ perustuu laajaan kirjallisuuskatsaukseen, viranomaislähteisiin, standardeihin sekä 
projektin sisäisiin dokumentteihin. Tuloksia sovellettiin suoraan Inga-järjestelmän 
laitekohtaisiin ominaisuuksiin, jolloin jokaiselle laitteelle määritettiin erillinen riskiluokitus, 
sääntelystrategia ja dokumentaatiovaatimukset. EU:ssa kaikki kolme laitetta sijoittuvat MDR:n 
mukaisesti luokkaan IIa ja vaativat ilmoitetun laitoksen suorittaman vaatimustenmukaisuuden 
arvioinnin. Yhdysvalloissa laitteet arvioidaan FDA:n näkökulmasta itsenäisinä lääkinnällisinä 
laitteina, mikä johtaa kolmeen erilliseen 510(k)-hakemukseen tai tarvittaessa De Novo 

‑menettelyyn. Työ osoittaa, että erityisesti katetri edellyttää kliinistä tutkimusta 
vaatimustenmukaisuuden osoittamiseksi. 
 
Keskeisen osan tulevaa kehitystyötä muodostavat tarkoituksenmukainen riskienhallinta, IEC‑ 
ja ISO‑standardien mukaiset testaus- ja validointiprosessit, kliinisen tutkimuksen suunnittelu 

sekä laaja tekninen dokumentaatio. Lisäksi työssä tunnistetaan Inga‑projektin seuraavat 
konkreettiset toimenpiteet, kuten käyttötarkoituksen määrittelyn viimeistely, 
predikaattilaitteiden vahvistaminen, Q‑Submission‑valmistelu FDA:lle, Fimea‑hakemuksen 

täydentäminen sekä PMS‑ ja PMCF‑suunnitelmien alustava rakentaminen. 
 
Työ osoittaa, että lääkinnällisten laitteiden kehitys vaatii tiivistä moniammatillista yhteistyötä, 
kattavaa dokumentaatiota sekä jatkuvaa sääntely-ympäristön seurantaa. Inga‑järjestelmän 
regulaatioanalyysi on tämän työn perusteella alustava ja tulee täsmentymään laitteen teknisen 
suunnittelun, kliinisen datan ja viranomaisohjeiden päivittyessä. Tulokset tarjoavat projektille 
selkeän rakenteen ja etenemispolun, joka tukee sen siirtymistä tutkimusvaiheesta kohti 
kaupallistamista ja vaatimustenmukaisuuden arviointia. 
 
 
Avainsanat: Lääkinnällinen laite, regulaatiopolku, vaatimustenmukaisuus, laadunhallinta, 
riskienhallinta, kliininen tutkimus, MDR, FDA 
 
Tämän julkaisun alkuperäisyys on tarkastettu Turnitin Originality Check -ohjelmalla. 
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1. INTRODUCTION 

The age of women giving birth increases leading to elevated risks of pregnancies and 

labour. Simultaneously, the occurrence of complications and health problems, such as 

obesity, affecting pregnancies have surged, increasing the need real-time monitoring 

and control systems of pregnancies and labour. [1–6] Increased induction of labour 

(IOL) is a procedure that artificially stimulates the uterus to contract in cases without 

natural induction, typically either mechanically or pharmacologically. However, the IOL 

is not riskless and typically do not include real-time monitoring systems. [7,8] Still, 

inducing labour is often medically justified and the safest option for both the mother and 

the child, often in cases where pregnancy exceeds the 40 weeks of gestation and the 

risks associated with childbirth increases. [4,9] 

Careful and continuous monitoring of IOL situations is essential to identify and manage 

potential risks at a sufficiently early stage. For example, intensive monitoring enables a 

rapid response to excessive uterine contractions or fetal oxygen deficiency, which is 

critical for ensuring patient safety and child survival.  

The medical devices sector is one of the most strictly regulated sectors worldwide, as it 

has a direct impact on patient safety [10,11]. The transition from a directive to a 

regulation in 2017 brought a significant number of changes to the regulation of medical 

devices in the European Union (EU). The change brought wider and more specific 

requirements for the obligations of the device manufacturer, risk management and 

monitoring of the device during its life cycle. The specification of the classification rules 

resulted in many medical devices moving to a higher classification class, requiring 

more extensive research and understanding of the regulatory process on the devices 

accessing the market [10,12].  

This thesis reviews the regulatory pathway for the Inga Research to Business (R2B) 

medical device project in the EU and in the United States (US) [13–15]. The Inga R2B 

project was initiated through Aalto University's Biodesign programme [16], and aims to 

respond to the healthcare sector's need to develop safer and effective methods for the 

IOL. The initiation of the Inga project medical device is driven by the need identified by 

physicians in their work, especially with obstetric patients. 
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The Inga project is currently a university research project from which it is intended to 

move into the corporate world in the future [13,14]. The two potential routes for the 

device commercialisation are start-up company that focuses on its further development 

and commercialization, or by an existing medical device manufacturer with its own 

product portfolio and production operations. 

In this thesis I review and assess the mandatory regulatory requirements for a medical 

device for market entry both in the EU and in the US. My objective is to:  

1. Clarify the necessary pathway from an idea to marketed device. The work 

describes the relevant milestones as well as an overview of the required 

aspects that are required during the market presence. The work focuses on the 

regulatory perspective while strategic and marketing aspects are identified. 

Further details are not in the scope of this thesis.  

2. Describe the differences between the EU and the US regulations. Within the 

scope of this thesis, I concentrate on defining what actions are required to fulfil 

the regulatory and relevant obligations. 

Since the device regulation is covered by the Medical Device Regulation (MDR, EU 

2017/745) in the EU and in the US by Title 21 of the Code of Federal Regulations 

(CFR) [17,18]. Therefore, the devices covered by the In Vitro Diagnostic Medical 

Device Regulation (IVDR) in the EU are outside the scope of this thesis [19]. 

This thesis focuses in the literature review on different aspects of the regulatory 

process for the Inga R2B medical device project, which are used as a base to provide 

the roadmap for the device market access. The methodology used in this thesis 

involves a comprehensive literature review and analysis of existing regulations, 

standards, and guidelines relevant to medical device approval and post-marketing 

surveillance in the EU and the US. 
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2. LITERATURE REVIEW 

2.1 General 

In this section, only the EU and the US regulations are discussed, as these are the 

primary target markets for the Inga’s medical devices. However, the market may 

expand to other markets in the future. The regulation of these areas is discussed in 

general, and what the difference is between the regulation of the two areas at present. 

Many medical device manufacturers have a global presence or are aiming for larger 

markets. This means that manufacturers must comply with multiple regulatory 

frameworks simultaneously. MDR (Article 2, paragraph 30) defines a manufacturer as 

follows: “Manufacturer means a natural or legal person who manufactures or fully 

refurbishes a device, or has a device designed, manufactured or fully refurbished, and 

markets that device under their own name or trademark.” [17] While the Food and Drug 

Administration (FDA) Title 21 CFR § 820.3 defines a manufacturer as follows: 

“Manufacturer means any person who designs, manufactures, fabricates, assembles, 

or processes a finished device. Manufacturer includes but is not limited to those who 

perform the functions of contract sterilization, installation, relabelling, remanufacturing, 

repacking, or specification development, and initial distributors of foreign entities 

performing these functions.” [20]  

Regulatory and marketing strategies together form the basis of the medical device 

product development process. Although this is a medical device, it is a marketable 

device. Without these strategies, it is likely to end up at the proof-of-concept stage, and 

the product will never reach to the market. Regulatory requirements may differ from 

country to country, so it is worth considering and deciding at the outset which countries 

the product will be marketed to in both the short and long term. [21] 

The classification and intended use of a medical device guides the establishment of its 

regulatory strategy. Even a small change in the design or intended use of a medical 

device can lead to major regulatory changes. [17,21,22] 

Financing strategies and market access strategies should be examined with attention 

to the market to be targeted, the justifications for these choices, and the strategies to 

be used to access the market. [21]   

The manufacturer is the entity responsible for the compliance of the device, and all 

regulatory obligations related to the manufacturing and marketing of the device in 
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accordance with the MDR in article 2 section 30. The legal manufacturer is the entity 

whose name appears on the declaration of conformity (DoC) and who takes full 

responsibility for the regulatory compliance and safety of the device. [17] 

Manufacturer can outsource different phases of the medical device lifecycle to the 

contract manufacturer or sub-contractor as mentioned in MDR article 10(9), and a 

similar principle applies in the US regulatory framework, where the entity initiating or 

developing device specifications remains responsible for regulatory compliance, even 

when manufacturing activities are outsourced, including establishment registration and 

device listing requirements under 21 CFR Part 807. [17,23]. Since different regulatory 

and reference materials use varying terms such as subcontractor and contract 

manufacturer, in this thesis these entities will hereafter be referred to consistently as 

contract manufacturers. The contract manufacturer of the device is the company 

responsible for example the physical manufacturing of the device in accordance with 

the instructions. However, the contract manufacturer is not the legal manufacturer of 

the device and is not responsible for the compliance of the device. By using a contract 

manufacturer, the manufacturer can benefit both financially and in terms of time. 

Contract manufacturing can be used in situations where, for example, the company is 

still small and does not have the necessary facilities to physically produce the product 

itself. 

2.2 Intellectual Property and Freedom to Operate 

In addition to the complex regulatory landscape, medical device manufacturers need to 

know how to navigate with intellectual property rights (IPR) and freedom to operate 

(FTO). The commercialisation process therefore requires an analysis of existing 

solutions and competitors to identify a market gap or unmet need. It also involves 

identifying existing patents and designing and implementing a protection strategy for 

one’s own product. However, the detailed implementation of these studies is outside 

the scope of this thesis. 

There are numerous patents in the world and among these existing patents there may 

be some that prevent certain uses, may affect a product, for example the intended use 

of a medical device under development. In such cases, certain aspects may need to be 

narrowed down, and a way developed to avoid violating existing patents, for example 

by modifying the technical solutions or specifying the intended use of the medical 

device. [24–26] 
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The first step of the patent search and FTO assessment is to identify existing and 

pending patents. Several open and easily accessible databases exist for this purpose, 

such as the European Patent Office's Espacenet and the United States Patent and 

Trademark Office (USPTO) [25,26].These databases can be used for the initial 

screening, but the actual FTO analysis often requires professional assessment and 

legal interpretation to identify and manage potential areas of protection and risk in the 

planning of commercialisation. Information on Finnish patent applications and 

registrations can be found on the patent information service maintained by the Finnish 

patent and registration office [24]. 

2.3 Regulatory landscape 

2.3.1 The importance of medical device safety 

The market for medical devices is constantly expanding as population growth. The rise 

of chronic diseases and digitalisation increase the need for new solutions. More than 

500 000 different medical devices are on the market in the EU [27,28]. While there are 

an estimated two million different medical devices on the world market, they can be 

classified into more than 7 000 generic device categories [21,29]. Most people will face 

the use of a medical device at some point in their lives [28]. The requirements for 

medical devices are governed by regulations, laws, and directives in both the EU and 

the US. The regulatory framework aims to ensure that medical devices meet safety 

standards and effectiveness and therefore protect the health and safety of those who 

use or otherwise come into contact with them. [30] 

Ensuring patient safety is a key reason why medical devices are regulated to the most 

demanding regulatory requirements and quality management standards. 

Malfunctioning medical devices can lead to serious adverse events, including loss of 

life. Therefore, the manufacture, deployment and life cycle monitoring of devices are 

strictly regulated by international and national regulations and standards to ensure 

patient safety. 

2.3.2 General aspects of medical device regulation 

Competent Authorities are responsible for the supervision of medical devices in the EU 

Member States. The manufacturer of the device is the primary entity that can mark the 

device with the Conformité Européenne (CE) mark, which indicates that the device 

meets the conformity requirements in the EU area. However, for higher risk classes, 

the manufacturer cannot determine the conformity of the device itself, but the notified 
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bodies, on the other hand, are legal entities authorized by the CA to carry out the 

conformity assessment. Similarly, in the US, the equivalent body for the EU CA is the 

US FDA and the role of the notified body is the Center for Devices and Radiological 

Health (CDRH) within FDA. The applicant, through the CDRH, is in direct contact with 

the FDA to obtain FDA market clearance. [31,32] 

The most important aspect of the application of the MDR is the regulation itself and 

then the guidance issued by the European Commission. In the EU, the regulation on 

medical devices is supplemented by guidance documents prepared by specialists. The 

Medical Device Coordination Group (MDCG) guidelines are not legally binding while 

the MDR is. The MDCG documents support different stakeholders in the uniform 

interpretation and application of MDR requirements. [33,34] The Finnish Medicines 

Agency (Fimea) has translated some MDCG guidelines into Finnish, and they can be 

found on their website, organized by topic [35].  

In the US, the regulation of medical devices is governed by 21 CFR, Subchapter H, the 

implementation and interpretation of which is supported by guidance documents 

published by the FDA [36]. These guidelines can be found using the search function on 

the FDA website (Search for FDA Guidance Documents). The search can be narrowed 

down, for example, by selecting CDRH as the organization and medical device as the 

product category, in which case the search results will focus specifically on guidances 

related to medical devices. [37,38] The legislative requirements contain definitions that 

help clarify the terms used in the regulations [17,31]. 

Regulatory documents, laws and standards contain well-defined terms that are 

important to understand as they guide the interpretation and application of 

requirements. Definitions are included in the legislative requirements, as these 

documents are legal in nature. These definitions help ensure that all parties use a 

consistent and uniform terminology. Definitions are important because their correct 

interpretation can avoid misinterpretations leading to the use of incorrect regulatory 

pathways. Key requirements can be ignored without correct interpretation. Unclear and 

inconsistent use of terms can cause legal and risk management problems. However, it 

should be noted that there are differences in definitions between the EU and the US. 

[17,31]  

When medical devices meet the US FDA requirements, they can then be placed on the 

market more widely through the Medical Device Single Audit Program (MDSAP). With 

the MDSAP program, manufacturers can demonstrate compliance to regulatory 

authorities in several different countries through a single audit, which can streamline 
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and accelerate the international commercialization process. In addition, this approach 

can reduce duplicate inspections and administrative burdens. The members of MDSAP 

are Australia, Brazil, Canada, Japan, and the US. MDSAP also includes observers 

such as the EU and the United Kingdom's Medicines and Healthcare products 

Regulatory Agency (MHRA), as well as affiliate members such as the Taiwan Food and 

Drug Administration (TFDA). [39–41]  

The approval time for a medical device can vary widely depending on several factors, 

such as the specific geographical area, the complexity of the device, the regulatory 

pathway followed, the availability of clinical data and the comprehensiveness of the 

information in the application. The process can take from a few weeks to several 

months or even years. [42] 

Understanding the global regulatory environment is essential for effective market 

access from product development. By identifying the opportunities and threats in the 

target market, a company can strategically align its regulatory compliance efforts with 

market requirements to ensure both regulatory compliance and commercial success. 

[21] 

Currently, cybersecurity is also a key part of the whole life cycle of medical devices. Its 

importance is particularly emphasized in software-based solutions, networked systems, 

and applications that utilize remote connections, where patient safety and data 

protection can be compromised without adequate protection. Technological advances 

in medical devices have significantly increased the use of wireless connections, 

internet and network capabilities, and portable storage media. As a result of these 

changes, there is a greater need for robust cybersecurity controls to ensure the safety 

and functionality of devices in all situations. Cybersecurity is not just a technical 

requirement, it is increasingly linked to new laws, regulations, guidelines, and 

standards that govern the development of medical devices. [17,43–46] 

2.3.3 The role of medical device standards 

The current state of medical device development and evaluation is often described 

using the term "state of the art," which refers to the best practices, technological 

solutions, and scientific knowledge currently accepted in the field. The concept does 

not only refer to the latest technology, but also to what has been proven to be safe, 

effective, and clinically justified. In the current regulatory environment, it is important for 

manufacturers to demonstrate that their devices and related processes are state of the 

art. This requires, among other things, monitoring standards and guidelines, updating 

risk management, and continuously demonstrating the performance and safety of the 
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device in relation to current knowledge. The state of the art thus serves as the basis for 

device design, conformity assessment, and clinical evaluation. [17,47,48] The 

information and references presented in this thesis are based on the state of the art in 

terms of regulations and standards at the time of writing. However, it should be noted 

that legislation, guidelines, and standards may change over time, as a result of which 

some of the information presented here may become outdated in the future. Therefore, 

for later applications or interpretations, it is recommended to verify the current 

requirements from official sources. 

The use of standards is not compulsory, but by following them, a manufacturer can 

demonstrate that the product or service it offers meets certain quality, safety and 

efficacy criteria. [49] The manufacturer shall identify the compliance requirements of 

the medical device. This can also be done, for example, through external consultancy. 

To meet product requirements and quality system requirements, it is recommended to 

rely on standards that have been developed to meet the regulatory requirements and to 

support the demonstration of conformity. In the EU these standards are called 

"Harmonised Standards" and in the US "Recognized Consensus Standards". [50,51] 

Once an EU harmonised standard has been published in the Official Journal of the 

European Union (OJEU), they are then presumed to comply with the requirements of 

the regulation [50]. All possible standards for the device should be searched for, 

including those where some part may only apply to the device, e.g. some test methods 

could be used or certain material testing. European harmonised standards are 

delivered by the European Committee for Standardisation (CEN) or the European 

Committee for Electrotechnical Standardisation (CENELEC). The former is focused on 

for wide range of medical devices while the latter for medical electrical equipment [52]. 

Many CEN and CENELEC standards are based on international International 

Organization for Standardization (ISO) standards that have been adapted to the 

European regulatory and standardization framework [53,54]. 

The most common standards bodies are ISO and American Society for Testing and 

Materials (ASTM) when talking about standards in the EU and the US, respectively 

[31,55–57]. In addition to these, Institute of Electrical and Electronic Engineers (IEEE) 

and International Electrotechnical Commission (IEC) standards are also important in 

the context of medical devices [58,59]. In the US, AAMI (Association for the 

Advancement of Medical Instrumentation®) also develops standards for medical 

devices. Once AAMI has created a standard, ANSI (American National Standards 

Institute) can accredit it as an official ANSI/AAMI standard. [60]  
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2.3.4 The definition of intended use 

The intended use of the device determines whether the product is a medical device or 

not. The manufacturer must clearly define the intended use and clarify both appropriate 

and inappropriate uses of the device. It also determines which regulations apply to the 

device, which risk class the device belongs to, which medical purposes the device can 

be used for, and for which patient groups the device is intended. [17,21] 

The intended use of the device will influence the marketing strategy of the device, and 

through this, what kind of market analysis should be done. It is important to think about 

how to write the phrase intended use. Incorrect word order or even a slight change in 

the wording can cause the regulatory costs to be multiplied many times over. [31] 

Defining the intended use of a medical device links it to the patient and the medical 

field. The scope of the intended use usually influences the length and financial impact 

of a product development project. A narrower use case can bring a device to market 

more speedily but may limit some of the device's potential uses. The characteristics of 

the product contribute to determining the intended use and therefore the correct 

intended use cannot be avoided. It is the responsibility of the manufacturer to correctly 

define the regulatory status of the device. 

The definition helps to determine which requirements the device must meet. A device 

must possess the necessary characteristics and specifications to fulfil its intended use. 

Some of these may require other regulations and standards to be considered. If the 

characteristics of the device make it irrelevant to meet a particular requirement, 

justification is required for not meeting that requirement. 

Under the MDR, Article 5 requires that a device may be placed on the market only if it 

complies with the General Safety and Performance Requirements (GSPR) set out in 

Annex I, and these requirements must be interpreted in relation to the device’s 

intended purpose. [17,61] 

Annex I Chapter I (points 1–7) specifies the general requirements for risk management, 

obligating the manufacturer to identify, evaluate, and control risks throughout the 

device’s lifecycle. Point 8 of Annex I form the basis of the clinical evaluation, requiring 

evidence that the clinical benefits outweigh residual risks and that the claimed 

performance is supported by appropriate clinical data. 

Similarly, the FDA ties regulatory obligations directly to the intended use of the device. 

All medical devices must meet the FDA’s general requirements, such as facility 

registration, device listing, quality system requirements, labelling rules, and post-

market reporting. Depending on the intended use and risk profile, devices may also be 
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subject to special controls or require premarket approval (PMA) to demonstrate their 

safety and effectiveness with sufficient certainty. These requirements are also 

determined based on the intended use declared by the manufacturer. [23,62,63] 

2.3.5 Design, verification and validation 

In the development of medical devices, identified clinical needs should take priority 

over innovative concepts alone. The process should start with a thorough 

understanding of medical requirements and market demand and ensure that the device 

addresses an existing problem or gap in current medical application. Such a need-

driven approach increases the likelihood of successful market entry and regulatory 

approval. 

The Inga project is an example of such an approach. Through physicians, the need for 

an improved catheter to induce labour has been successfully identified. The aim has 

been to bring added value to the use of the catheter by developing a sensor that 

monitors the progress of the patient´s labour contractions and the fetal heart rate. Such 

a device would provide real-time information that would improve clinical decision-

making during IOL, ultimately improving patient outcomes. 

Premarket phase covers the product idea, product design controls and both clinical and 

compliance assessment. The starting point for product development should be, for 

example, the needs of the customer or the desired patient group for the product, as 

these guide product development and sales. These form the natural basis for a 

marketing strategy. This approach also clarifies the formulation of the necessary 

regulatory strategy. For example, it is important to carefully define the uses and target 

groups, as a wider range of uses implies more work and burden of proof in the product 

development project. [64–66] 

The design of medical devices must be controlled to meet the obligations required by 

medical device authorities in terms of safety, effectiveness, and regulatory compliance. 

The manufacturer needs to understand the relationship between input and output at the 

design stage. [31] The design input phase defines the requirements that the device 

must fulfil. The requirements come from legislation, standards, clinical needs and 

safety requirements. The results of risk analysis are also a major design input. Such 

requirements may include that the device does not cause allergic reactions 

(biocompatibility) or that the battery life of the device shall last for a minimum period of 

time. Design outputs are concrete design solutions and testable product features to 

ensure that the design inputs are met. These may include technical drawings, test 

reports and manufacturing documentation. For each design input, there shall be a 
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corresponding design output to demonstrate compliance with the requirements and the 

safety of the device. [67,68], [69]  

In addition, implementing controls in the design process saves a company time and 

financial resources and offers benefits such as accelerated market access. [31] The 

company must demonstrate that it has taken end-user input into account in its design 

and that it has considered all possible scenarios, both in terms of use and risk. [17,31] 

MDR defines clinical investigation as “any systematic investigation involving one or 

more human subjects, undertaken to assess the safety or performance of a device”. A 

clinical evaluation shall be conducted to demonstrate that the intended use of the 

devices covered by the project has been verified under normal conditions, and that the 

acceptability of the risk-benefit ratio and any adverse side effects have been assessed 

on the basis of sufficient clinical evidence. In the role of the manufacturer, they shall 

specify and justify the level of clinical evidence that will demonstrate the relevant 

generic safety and performance requirements. [17] 

The manufacturer must integrate the regulatory requirements into its activities so that it 

can demonstrate both in documents and in practice that it complies with these. The 

design procedures used in the development of medical devices are unique to each 

manufacturer and cannot be fully derived directly from any guidelines. Procedures 

need to be customized to the specific characteristics of the manufacturer, as 

procedures that work in one case may not be effective in another. The guidelines 

provide information on what the procedures should include, but it is the responsibility of 

each manufacturer to develop procedures that are compatible with its own processes 

and requirements. Any non-compliance that has not been detected should be found in 

the process of internal audits. This allows corrective measures to be taken into account 

before an external audit is carried out. [31,33,37,67] 

The manufacturer is responsible for identifying and investigating the relevant 

regulations, official requirements, standards, and guidance documents that may affect 

the devices it manufactures, such as ISO 13485:2016 for quality management and the 

FDA’s Design Control Guidance for Medical Devices. These documents and 

specifications ensure the safety, efficiency, and regulatory compliance of the 

equipment throughout their life cycle. [17,36,67,70,71] 

The device must be validated or verified against certain criteria that have been 

predefined. The protocol to be used for the assessment must be designed and 

approved in accordance with the manufacturer's quality management system (QMS) 

before it is used for verification or validation. Verification focuses on ensuring that the 
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results meet the defined input requirements. Validation means ensuring that the 

outcome product works effectively in a clinical setting. [17,71,72] 

2.3.6 Post-market activities 

Post-market surveillance (PMS) is a systematic and scientifically valid process that 

actively collects, analyses, and interprets data on a device that is already on the 

market. This information collected is essential to answer key health questions related to 

the safety and efficacy of the device. [73,74] Chapter VII of MDR is divided into three 

sections covering the manufacturer's obligations in organizing PMS, reporting serious 

incidents and device safety deficiencies (Vigilance), and market surveillance carried out 

by the authorities (Market Surveillance). This provides a logical structure for the 

regulation from the perspective of the manufacturer, the reporting obligation, and 

regulatory control. Article 92 covers the electronic system on vigilance and on PMS. In 

addition, Annex III of the MDR specifies what the technical documentation for PMS 

should look like. [17] 

In compliance with Article 83 of the MDR, device manufacturers are required to 

establish and sustain a PMS system [17]. Such a PMS system must be appropriate to 

the risk category and type of device. A PMS system shall form an integral part of the 

manufacturer's QMS in accordance with Article 10(9). [17,75]  

Similarly, post-market activities in the US are governed by the FDA through a set of 

regulatory requirements that ensure continuous monitoring of device safety and 

performance. Manufacturers must comply with the Medical Device Reporting system, 

which requires reporting of serious adverse events, including deaths, serious injuries, 

and device malfunctions. Additional obligations include reporting corrections and 

removals and conducting post-market surveillance studies when required. [74,76–78] 

2.4 Medical device regulation in the EU 

2.4.1 General 

Previously, medical devices in the EU were regulated by directives. In 2017, the MDR 

came into force, replacing the directives, and has been applied since 2021. Unlike 

directives, the MDR is a directly applicable regulation, which means that it is 

enforceable as law in all EU member states without separate national implementation. 

The IVDR specifically regulates in vitro diagnostic medical devices. They are devices 

intended for the examination of samples taken from the human body. [17,19] In 
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addition to the MDR, the manufacturer may also have to comply with other European 

legislation [21]. 

Figure 1 shows the elements of the EU medical regulatory system and their 

interdependencies. The diagram illustrates the process as essential components, most 

importantly, the sub-areas do not operate in isolation, but form a whole, in which a 

continuous phase leads to the next. The structure visualized in the form of a wheel 

makes it visible that if even one sub-area, such as risk management, clinical evaluation 

or technical documentation, is not at a sufficient level, the entire system "stops" and the 

demonstration of conformity cannot proceed. This well describes the nature of the EU 

regulation. The compliance path is a continuous and interconnected process, in which 

the required laborious implementation inevitably affects all broad phases. [79] 

 

Figure 1 Core elements of the EU medical device regulatory system and their 
interrelations. Adapted from: P. Pommelin, The Survival Guide to EU Medical 
Device Regulation [79].  

The EU MDR establishes rules for the placing on the market, making available on the 

market and putting into service of medical devices for human use and their 

accessories. The MDR also applies to clinical investigations of such medical devices 

and their accessories in the EU. In the EU, medical devices must undergo a conformity 

assessment to ensure that they comply with regulatory requirements for their safety 

and effectiveness before they can be placed on the market. [17,79] 

The manufacturer must have a designated person within their organization who is 

responsible for compliance with the regulations, designated as the Person Responsible 
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for Regulatory Compliance (PRRC), and who has sufficient expertise in the field of 

medical devices. Compliance with the requirements can be demonstrated by meeting 

the eligibility criteria specified in the regulation, such as appropriate education and work 

experience in the field. In accordance with Article 15, paragraph 2, micro and small 

manufacturers, as defined by Commission Recommendation 2003/361/EC, are exempt 

from the obligation to appoint an individual responsible for regulatory compliance within 

their organizational structure. However, the operator in question must have a person 

who meets the requirements of Article 15 of the MDR permanently available. In 

practice, this role is often outsourced to a separate service provider, which also 

enables smaller operators to ensure compliance. This exemption applies specifically to 

microenterprises, which are defined as employing fewer than 10 persons with an 

annual turnover and/or annual balance sheet total not exceeding EUR 2 million, and 

small enterprises, which employ fewer than 50 persons with an annual turnover and/or 

annual balance sheet total not exceeding EUR 10 million. [17,79,80]  

In the EU, each Member State has its own CA who is responsible for monitoring the 

conformity of medical devices available on its market [81–83]. EU countries designate 

notified bodies to assess the conformity of certain products before they are placed on 

the market. NB act as a third party for tasks related to conformity assessment 

procedures. [32] The CAs shall ensure that notified body meets the requirements laid 

down in the regulation and can perform their tasks objectively and competently. There 

are two Notified Bodies operating in Finland, Eurofins Electric & Electronics Finland Oy 

and SGS FIMKO OY. [84,85] 

In Finland, the CA is Fimea which is responsible for monitoring the compliance of the 

medical devices [70,86]. Fimea is a central administrative agency under the Ministry of 

Social Affairs and Health that supervises the pharmaceutical sector and the regulatory 

compliance of medical devices and their operators in Finland. The control work is 

carried out in close cooperation with other EU authorities [86]. Fimea also handles 

adverse event reports, monitors the marketing of medical devices and issues medical 

device accessibility certificates, investigation authorizations and exemption 

authorizations. [21,70].  

Finland has a national law on medical devices, the Medical Devices Act 719/2021, 

which entered into force on 19 July 2021 and supplements the EU MDR on medical 

devices [87]. Previous Medical Devices Act 629/2010 was updated to Act on Certain 

Medical Devices Specified in EU Directives 629/2010 simultaneously with the Act 

719/2021 [87,88]. This law mainly provides for the national implementation of the IVD 

Directive, but also deals with the manufacture and placing on the market of devices 



15 
 

covered by the Medical Device and active implantable medical device (AIMD) 

Directives, within the limits allowed by the transitional provisions of the MDR. [87–89] 

The Figure 2 shows the hierarchy of the EU and national regulations from Finland's 

perspective. MDR guides harmonized standards, MDCG guidelines, and common 

technical requirements, which are supplemented by Finnish national law (Medical 

Device Act 719/2021). 

 

 

Figure 2 Finland's perspective on the regulation of medical devices. Figure 
generated using an AI tool (ChatGPT, OpenAI) based on the author’s prompt, 

2026. [17,87] 

Continuous compliance for medical devices means the continuous compliance with the 

requirements of the legislation throughout the life cycle of the device. Continuous 

compliance includes but is not limited to keeping up to date with regulatory 

requirements, maintaining a QMS and ensuring a PMS system. Risk management 

should be ongoing to maintain the safety and performance of the device, with additional 

clinical evaluations and studies as necessary. Training and document control, timely 

compliance, supplier evaluation and monitoring, and customer feedback and 

complaints also contribute to maintaining compliance. 

The process of placing a medical device on the EU market proceeds in stages. The 

following section outlines the key stages involved in placing a medical device on the 

EU market. [79] 

 Define the intended use and target application of the device. 

 Identify applicable regulation and guidelines. 

 Assess and confirm the risk class of the device. 
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 Determine the regulatory and compliance requirements for the device. 

 Perform the necessary preliminary assessments, tests, clinical evaluation and, if 

necessary, clinical investigations. 

 Compile technical documentation and prepare the approval procedure. 

 Demonstrate compliance and obtain the necessary certification. 

 Register the device with the competent authority’s system. 

2.4.2 Medical device registration 

The obligation to register a medical device is regulated in the MDR and, in addition, in 

Finland in the Medical Devices Act 719/2021. The operator subject to the notification 

obligation shall submit a notification of its activities and devices to Fimea. The 

notification is submitted to the a European database on medical devices (EUDAMED) 

or Central Register (CERE) which is register maintained nationally by Fimea. 

[17,87,90,91] You can submit your details to the CERE register maintained by Fimea if 

you are a manufacturer of medical devices based in Finland, except in a few cases 

[91]. The information contained in EUDAMED is public. In 2024, Fimea also began 

publishing operator information reported to the CERE register [90,92,93].  

The latest essential requirement of the MDR is the establishment of the EUDAMED. 

EUDAMED is meant to collect and process various types of information, both on 

equipment and on companies. At the same time, it aims to improve coordination 

between the EU countries and to promote transparency and access to information for 

citizens and health professionals. However, although MDR requirement is the 

establishment of EUDAMED, its use is not yet mandatory or required. Article 33 of the 

MDR deals with EUDAMED, detailing what the database is for, the electronic systems 

it must include, and other related guidelines. [17] 

EUDAMED consist of six interconnected modules: 

 Actor – user registration and management 

 Unique Device Identifier (UDI) Database and registration 

 Certificates and notified bodies 

 Clinical Investigation and performance studies 

 Vigilance and PMS 

 Market Surveillance 
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UDI is a device identifier that improves the identification, traceability, and patient safety 

of medical devices and prevents falsification throughout their life cycle. UDI can be a 

QR code, barcode, or any machine-readable code. It can contain both letters and 

numbers. Article 27 of the MDR describes what a UDI shall consist of. [17,94,95] 

The EUDAMED market surveillance module is not yet in use, but once it is introduced, 

Member States will be able to view summaries of the results of their national market 

surveillance activities. [95] 

2.4.3 Classification of medical device 

In the EU, the classification of medical devices is based on specific rules. Medical 

devices are divided into four categories based on their inherent risks and the intended 

use of the device. The classes are I, IIa, IIb and III. Annex VIII of the MDR provides 

guidelines for the classification of medical devices. There are 22 rules in total for 

classification. [17,22] For example, stethoscopes and scalpels belong to class I, 

cardiac films and dental filling materials belong to class IIa, and infusion pumps and 

diagnostic X-ray equipment belong to class IIb. Class III includes, for example, remote 

monitoring devices for active implantable devices and total or partial joint replacement 

devices. [22] 

The EU's classification of medical devices is based on rules. All classification rules in 

the MDR must be thoroughly examined to ensure that they are appropriate for a 

particular medical device and therefore ensure the accuracy of the classification. [17] 

Before starting to classify a medical device, it is important to understand the device. 

[31] The MDR has 22 rules for the classification of medical devices, divided into non-

invasive devices (rules 1-4), invasive devices (rules 5-8), active devices (rules 9-13) 

and special rules (rules 14-22). The classification of a medical device is based on its 

risks, which are influenced by factors such as the duration of use, the degree of 

invasiveness, whether the device is active or not, and which part of the human body 

the device comes into contact with. According to the MDR, the duration of use can be 

temporary, meaning that the device is intended to be used for less than 60 minutes, 

short-term, meaning that the device is used continuously for 60 minutes to 30 days, or 

long-term, meaning that the device is intended to be used continuously for more than 

30 days. [17] Invasive devices refer to products that penetrate the body either partially 

or completely, either through natural body orifices or through the skin. Active devices, 

on the other hand, are products whose operation is based on an energy source other 

than energy directly obtained from the human body, such as electricity or a battery. In 

addition to these, special rules apply to the classification of, for example, combination 
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devices, devices used during pregnancy and childbirth, and diagnostic products. These 

rules supplement the general classification principles and ensure that the risk profile of 

the device is assessed appropriately. The notified body checks that the device has 

been classified correctly.  

The guidance document MDCG 2021-24 published by the MDCG provides practical 

guidance on the classification of medical devices in accordance with the MDR. The 

document can be used to determine the class of a medical device and identify the 

applicable regulatory requirements. [22] 

2.4.4 General obligations of manufacturers, article 10  

Article 10 of the MDR defines the general obligations of manufacturers. The article is 

divided into 16 sections covering, in particular, requirements for QMS, risk 

management, clinical evaluation, traceability, and appropriate documentation. A few 

key points are presented here. The article particularly emphasizes the key role of 

technical documentation in fulfilling these obligations. The manufacturer shall ensure 

that the device complies with the MDR. Manufacturers are responsible for establishing 

and documenting a risk management system that covers all stages of the device's life 

cycle. The system shall be implemented in practice and continuously maintained. The 

purpose of the risk management system is to identify, assess, and manage the risks 

associated with the use of the device so that its safety and compliance can be 

demonstrated throughout its life cycle. Risk management practices and processes are 

described in more detail in section 2.6.3. The manufacturer shall conduct a clinical 

evaluation both before and after placing the device on the market, in accordance with 

the requirements of Article 61 and Annex XIV. [17] 

2.4.5 CE marking 

Each piece of device must meet the essential requirements to which it is subject, and 

these are not dependent on the category of device. A manufacturer may use the CE 

marking on a device when it is able to demonstrate that the product meets all the 

essential requirements relating to it. The CE marking is French for Conformitè 

Européenne and its use on a medical device indicates compliance. CE marking must 

be affixed, except for devices designed for individual use and clinical research. 

With the DoC, the manufacturer takes responsibility for ensuring that the product 

complies with all applicable regulations. A medical device bearing the CE marking may 

be placed on the market. Exceptions to this are devices used for clinical research, 

performance evaluation of IVDs or devices for individual use.  
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2.4.6 Technical documentation 

The MDR states several times that the manufacturer shall document the different 

aspects of the device during its life cycle. This underlines the important role of 

documentation throughout the life cycle of a medical device. [17] Documentation is the 

starting point for traceability. The absence of documented information is considered to 

mean that the event did not occur. General traceability requirements shall be met. 

Comprehensive documentation is essential, and a systematic approach to traceability 

is a prerequisite for meeting compliance obligations. 

The technical documentation shall be sufficiently comprehensive to facilitate the 

assessment of the conformity of the device with the requirements of MDR. The 

elements defined in Annexes II and III shall be included in the technical documentation. 

Annex II specifies all the core documentation that the manufacturer shall establish and 

maintain to demonstrate that the device complies with the essential requirements of the 

MDR. The documentation shall cover, among other things, the design, manufacture, 

risk management, assessment of conformity, and results of the standards and tests 

applied. The documentation in accordance with this Annex forms the basis for the 

conformity assessment and regulatory approval of the device. Annex III addresses 

technical documentation relating to PMS. In particular, the annex refers to the plan of 

PMS and supplements Annex II. The technical documentation will be reviewed 

periodically. [17]  

Table 1 shows the different medical device control processes and their timeframe. It 

should be noted that the CE marking remains valid for a maximum of 5 years and QMS 

audits are annual. If EN ISO 13485:2016 is in use, audits are carried out in accordance 

with it, but they do not replace MDR audits carried out by the notified body. A QMS 

under MDR may be based on EN ISO 13485:2016 but must also cover the specific 

requirements of MDR. For Class IIb and III devices, notified body has a stricter audit 

obligation, including for the technical file. [17,71,96] 

Technical documentation comes usually in separate documents. The seamless way to 

keep all documents consistent is to refer to other documents where the information is 

mentioned and update only one document. In other words, if document X states the 

intended use of the device, document Y refers to document X for the intended use of 

the device. This avoids the need to update several documents and avoids the 

possibility of overlooking a document that needs to be updated. 
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Table 1 Timetable for medical device compliance and surveillance under MDR [17,71]. 

Step/Activity Responsible Timeframe/Repetition Remarks 

Conformity 

assessment  

(CE marking) 

Manufacturer 

(Class I) & 

Notified body 

Before placing on the 

market  

Required before 

equipment can be 

placed on the EU 

market 

EN ISO 

13485:2016 

certification 

Certification 

body 

3 years (full cycle), 

annual inspections basis 

for QMS 

Not mandatory 

under MDR, but 

highly 

recommended in 

practice 

QMS audit under 

MDR 

Notified body Annual At least one annual 

audit (surveillance 

audit) 

Recertification 

EN ISO 

13485:2016 

Certification 

body 

Every 3 years Full reassessment 

of QMS 

Review of 

technical 

documentation 

Notified body Prior to CE marking + 

with updates 

Extent of review 

depends on device 

class 

PMS 

(reporting) 

Manufacturer Continuous Part of QMS 

Periodic Safety 

Update Report 

(PSUR) 

Manufacturer & 

Notified body 

Class IIa: at least every 

2 years 

IIb and III: Annually 

(Notified Body) 

PSUR required for 

Class IIa and 

above 

Post-Market 

Clinical Follow-

up (PMCF) 

Manufacturer Continuous (when 

applicable) 

Required when 

justified; part of 

clinical evaluation, 

risk-based 

Recertification of 

the CE marking 

Notified body Every 5 years 

(maximum) 

Depends on the 

duration of the 

notified body 

certificate 
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2.4.7 Clinical evaluation and clinical investigation  

Clinical evaluation and clinical investigation are discussed in Chapter VI of the MDR. 

The Inga project shall conduct a clinical evaluation in accordance with the requirements 

set out in Article 61, clinical evaluation, and Annex XIV(A), clinical evaluation and post-

market clinical follow up, of the MDR. [17] Table 2 provides on overview of the clinical 

evidence types required under the EU MDR and explain when each pathway applies. 

Table 2 Types of Clinical Evidence and their application time [17,97]. 

Term Purpose When it applies 

Clinical evaluation To demonstrate safety 

and performance using 

existing clinical evidence 

(no new study required). 

Mandatory for all devices 

for CE marking (MDR 

Annex XIV). 

Clinical Investigation 

(Article 62) 

To generate new clinical 

evidence when existing 

data is insufficient for 

conformity assessment. 

Used when clinical data is 

required to demonstrate 

safety and performance 

for CE marking. 

Article 82 Clinical 

Investigation 

To conduct non‑CE-

marking research. 

Used only for 

non‑commercial or early 

research. Results cannot 

be used for CE marking. 

PMCF Study 

 

To collect real‑world 

clinical data after CE 

marking. 

Applies to CE‑marked 

devices as part of 

post‑market surveillance 

(Annex XIV Part B). 

 

Before conducting clinical device trials, it is important to familiarize yourself with the 

legislation and other official guidelines applicable to the study. These include MDR 

Chapter VI: Clinical Evaluation and Clinical Investigation and Annex XV: Clinical 

Investigation. As the studies are carried out under the MDR in Finland, chapter 3 of the 

Medical Devices Act 719/2021 should be studied. [17] This chapter deals with clinical 

investigations and performance studies of in vitro diagnostic devices [87]. There is also 

the Fimea provision on clinical investigations on medical devices and the Act on 
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Certain Medical Devices Specified in EU Directives 629/2010, which should be studied 

before clinical evaluations [88,98]. 

Before initiating a clinical investigation, the investigational device must meet all 

applicable GSPR (Annex I), except for the aspects specifically investigated during the 

clinical investigation (MDR Art. 62(4)(l)). In addition, the sponsor shall ensure that all 

necessary precautions have been taken to protect the health and safety of the 

subjects, including appropriate technical and biological safety testing, pre‑clinical 

evaluation, and any relevant occupational safety measures. 

Once the guidelines mentioned above have been studied, it should be determined 

whether the study should be notified to Fimea. Fimea must be notified of all MDR 

clinical device investigation conducted under Articles 62, 74 or 82 of the MDR. As the 

clinical investigation will be used for conformity assessment, a clinical investigation that 

complies with article 62 of the MDR will need to be submitted to Fimea for 

authorization. The difference with an Article 82 clinical investigation is that the results of 

an Article 82 investigation cannot be used to assess the conformity of a device. A 

clinical investigation under Article 74 of the MDR applies to a post-market follow-up 

study on a CE marked device. This involves additional laborious or invasive 

procedures. [17,99] 

Before an application for a clinical investigation is submitted to Fimea, an option on the 

investigation must be obtained from the regional ethics committee. [100] The project 

must apply for clinical investigation and the documents mentioned in Annex XV, 

Chapter II of the MDR to the Member State, in this case Finland, to Fimea. Article 73 of 

the MDR refers to the electronic system for clinical investigation that shall be used to 

submit the application. The application to Fimea must include the regulatory pathway 

that will be followed. The regulatory route chosen here is an Article 62 investigation. 

The guidance MDCG 2021-6 Rev. 1 can be used to select the regulatory pathway. The 

classification assessment of the device must be provided in the application. [17,98,101] 

During the validation phase of the application, Fimea checks whether the clinical 

investigation falls within the scope of the MDR and whether the application contains the 

required documentation. The applicable standard, EN ISO 14155:2020, provides the 

essential elements that should be included in the clinical investigation plan (CIP). The 

CIP shall include, for instance, the identification of the CIP, the principal investigator, a 

description of the investigational device, and a justification for the design of the clinical 

investigation. More detailed content can be found in Annex A of the current ISO 14155 

version, which is normative. A newer revision of the standard (ISO 14155:2026) has 
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been published but has not yet been harmonised under the MDR; therefore, EN ISO 

14155:2020 remains the applicable reference for regulatory compliance.  [17,102–104] 

Clinical investigation cannot begin until all relevant documents have been prepared, 

properly drafted, and comply with regulatory requirements. In the EU, approval of a 

clinical investigation requires that all the required documents, such as the CIP, risk 

management documentation, technical description of the device, safety information, 

and information sheets and consent forms, are complete and consistent in terms of 

both content and structure. 

In Finland, Fimea reviews the clinical investigation documents before the trial begins. If 

the documents are incomplete or contradictory, the evaluation of the investigation will 

not proceed and approval cannot be granted. For this reason, documentation is a key 

prerequisite for the commencement of a clinical investigation, and its careful 

preparation is an essential step before the device can be used in a clinical 

environment. 

This step is a significant milestone in the development of the device, as only an 

approved clinical investigation allows the device to be tested in a real-world setting and 

thus gather evidence on the safety and performance of the device for the subsequent 

CE marking process. 

Documentation for usability testing should start to be collected at the design stage of 

the device. For example, at different stages of catheter design, there should be 

sufficient documentation of why a particular length and stiffness has been chosen. In 

addition, there should be thorough documentation of the different steps in the 

development of a sensor for contraction and fetal heart rate data collection, explaining 

the justification for the chosen features such as size and sensitivity. This 

documentation can be used later to demonstrate usability. 

The clinical investigations of the Inga project shall consider the fact that the patients 

under study are pregnant and in this case the conditions of Article 66, Clinical 

investigations on pregnant or breastfeeding women, of the MDR shall be fulfilled in 

addition to the conditions of Article 62(4). [17] 

Fimea offers a free device consultation service for those planning clinical device 

investigations. This is an informal discussion held remotely during the planning stage of 

the study. The consultation can be used to review the preliminary study plan, discuss 

issues related to regulatory requirements, and address challenges related to the 

preparation of the study design or documentation. However, Fimea does not issue 
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preliminary decisions, and the advice given during the consultation is not binding on 

either party. [105] 

2.5 Medical device regulation in the US 

2.5.1 General 

The FDA regulates the safety and effectiveness of medical devices under the Federal 

Food, Drug and Cosmetic Act (FD&C Act) [106]. Medical devices marketed in the US 

shall comply with the regulatory controls outlined in the FD&C Act and the regulations 

specified in Title 21 of the CFR, particularly 800-1299, which govern medical devices. 

[18]  

Like in the MDR, also medical devices in the US are regulated based on their 

possessed risk to the consumers and users. General controls must be complied with 

regardless of the class of device. General controls cover such as listing and registration 

to ensure that they are effective and safe when they are available on the market. [106]. 

Placing a medical device on the market in the US should begin by classifying the 

device and understanding all the regulatory controls that apply to the device. The 

manufacturer must then select and prepare the correct pre-market documentation. 

After preparing the appropriate premarket submission for the device, the submission 

must be sent to the FDA, and interactions with FDA staff are required during the review 

process. [18,107] 

 

Figure 3 FDA organizational structure for medical devices. Figure generated 
using an AI tool (ChatGPT, OpenAI) based on the author's prompt, 2026. [108] 

The Figure 3 shows the regulatory hierarchy for medical devices in the US. At the top is 

the Department of Health and Human Services (HHS), under which the FDA operates. 
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Within the FDA, CDRH is responsible for regulating medical devices, while CBER is 

responsible for biological products. The figure does not show all HHS or FDA units, 

only those that are central to the regulation of medical devices. 

2.5.2 Classification of medical devices 

The classification of a medical device in the US is determined by its intended use and 

the indications for its use. Unlike the MDR classification, you will need to find a 

regulatory number for the device in the US market, which is the classification regulation 

for your medical device [109]. A classification rule can be found either by searching the 

classification database by part of the device name, or if the device panel to which the 

device belongs is known, the device can be searched from this panel list, and the 

corresponding regulation can be identified. If no predicate device can be found through 

this route, the most likely route to market will be through the De Novo process. 

Medical devices are classified into three classes by the US FDA: class I, class II, and 

class III. Class I devices have a low-risk category, Class II devices have a moderate 

risk category, and Class III devices are considered to have a high-risk category. 

[109,110] Class I includes, for example, viscometer for cervical mucus, class II 

endometrial brush, and class III obstetric data analyser [111]. Different regulatory 

control measures are included in the categories, and they vary between regulatory 

classes. These can include, for example, general controls, special controls, and PMA 

for Class III devices. Of these categories, all medical devices must go through general 

controls. While Class II devices need also specific controls and Class III devices needs 

a PMA. Various pre-market and post-market controls are part of the general controls. 

[36,106] The intended use of the device determines its classification. The classification, 

in turn, determines how much evidence based on effectiveness and safety is required 

for the device. In addition, the classification is based on the level of risk posed by the 

device to the patient and/or the user. [109,112] 

The product classification database, developed by the CDRH, contains the names of 

medical devices and related information. The database shows the names of devices 

and their corresponding product codes. The product classification database is used to 

find a predicate device for your own device. Each device class is also listed in the CFR, 

where the beginning of each device group contains a list of devices in that panel and 

their assigned seven-digit numbers (e.g., 21 CFR 884.2050, Obstetric data analyser.). 

This numbering system allows for the precise identification of devices and the 

determination of their regulatory class. [62,109,111,113]  
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The manufacturer should compare the basic equivalences between their medical 

device and the predicate device. The devices should be compared in terms of 

materials, characteristics and technologies used in the devices. [112] 

2.5.3 Different roads to market  

Choosing a regulatory path can sometimes be challenging. Each regulatory pathway 

has different requirements that must be fulfilled before receiving FDA approval. 

Therefore, care must be taken to select the right regulatory pathway at the device 

design stage. [112] Regulatory approval alternatives, premarket submissions, for 

medical devices in the US are: Premarket Notification (510(k)), De Novo Classification 

Request, Exempt, PMA, Product Development Protocol (PDP), Humanitarian Use 

Exemption (HDE), and Biologics License Application (BLA). [36,66] However, some 

types of devices do not require premarket submission.  

Because class II has increased risk to the patients, the special controls apply, which 

are generally device-specific and include controls like special labelling requirement, 

patient registration, and PMS. [63,112] When there is no predicate device for a medical 

device and the manufacturer wants to market it as a Class II device, the manufacturer 

must submit either a PMA or De Novo application, which must be approved before the 

device can be placed on the market. [112] In accordance with FDA regulations, PMS is 

mandatory for certain Class II and III medical devices, as defined in 21 CFR Part 822 

[74]. 

Whenever a manufacturer of medical devices intends to place a device on the market 

for the first time or make significant changes to a device already on the market, the 

manufacturer shall carry out appropriate pre-market activities and ensure the 

conformity of the device before placing it on the market. In the following, the focus will 

be on the four most common types of premarket submissions: 510(k), De Novo, PMA 

and HDE. Other options, such as exemptions, PDP, and BLA, will be excluded from 

this review. However, Table 3 provides a summary of all these pathways. 
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Table 3 Brief overview of FDA medical device market access pathways [66]. 

Pathway Applicability Description 

510(k) Class I-II Three types of 

applications: Traditional, 

Special, Abbreviated 

De Novo Class I-II Create a new class and 

device category 

Exempt Low risk Low-risk devices exempt 

from the premarket 510(k) 

procedure. 

PMA Class III, high risk The most stringent 

approval process for 

medical devices 

PDP Class III, high risk An alternative route to 

PMA, where the 

development stages are 

agreed in advance with 

the authorities. 

HDE Class III (for rare uses) The path to devices for 

rare diseases 

BLA Biological products Approval process for 

commercial marketing of 

biological products in the 

US 

 

Most Class II devices require pre-market notification (510(k)). The FDA recognizes 

three types of 510(k) applications: traditional, special, and abbreviated. The 510(k) 

procedure allows the manufacturer to demonstrate that the device it intends to place on 

the market is substantially equivalent to a device already on the market, known as the 

predicate device. To do this, the manufacturer must demonstrate that the device is as 

safe and effective as the predicate device. [106,112] 

If no legally marketed predicate device can be found for the device and it is a low or 

medium risk device, the De Novo Classification request process is used for market 

access. Devices that have entered the market through the De Novo process may later 

be used as predicate devices for other devices entering the market. [114] The 
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information required for a De Novo application is specified in 21 CFR 860.220 

[115,116].  

If general and specific controls do not provide sufficient evidence of the safety and 

effectiveness of the device, the manufacturer must apply for marketing authorization 

through the PMA process. This process allows high-risk, Class III, devices to enter the 

market once the FDA has approved their premarket submissions. The PMA process 

requires sufficient scientific evidence demonstrating the safety and effectiveness of the 

device for its intended use. [36,107] 

There is a specific regulatory pathway for products developed for rare diseases or 

conditions, known as the HDE procedure. Within this pathway, humanitarian use 

devices (HUD) are approved and brought to market. [117] Before submitting an HDE 

application, the applicant must first obtain a HUD designation for the device. A 

condition of the process is that no other device for the same intended use has been 

legally placed on the market. [118] 

Investigational Device Exemption (IDE) is a regulatory mechanism established by the 

FDA to allow clinical investigation of medical devices that have not yet received market 

approval. The need for IDE depends on the classification and risk assessment of the 

device, which determines whether it is classified as a significant risk (SR) or non-

significant risk (NSR) device. In general, Class III devices and some Class II devices 

for which clinical evidence of safety and efficacy is needed require IDE approval before 

human trials can begin. Determining the level of risk is a critical step in the IDE 

process, as SR devices require a formal IDE application to the FDA, while NSR 

devices can proceed with Institutional Review Board (IRB) approval alone. The FDA's 

Q-Submission process allows applicants to request regulatory feedback on the risk 

classification before submitting an IDE application. Key factors in determining risk 

include the invasiveness of the device, duration of use, and potential impact on patient 

safety. A clear understanding of these regulatory pathways will ensure that studies 

meet FDA requirements and balance ethical considerations with clinical feasibility. 

Instructions on how to submit an IDE application can be found on the FDA's official 

website and in the Electronic Code of Federal Regulations (eCFR), specifically 21 CFR 

Part 812 [119,120]. 
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2.6 Quality and risk management system 

2.6.1 Quality management in the EU 

The MDR made QMS as a mandatory for all medical device manufacturers, regardless 

of device category. Manufacturers are obliged to maintain a comprehensive and 

systematic quality system designed to ensure the safety, performance, and regulatory 

compliance of their products throughout their entire life cycle. Article 10 of the MDR 

talks about general obligations of manufacturers describes the QMS that the 

manufacturer shall establish, document, and implement. Section 9 deals with aspects 

that must at least be addressed by the QMS. The minimum requirements cover areas 

such as risk management, clinical evaluation and PMS. [17] 

At the core of the quality system is management responsibility and a clear definition of 

organizational structures. The manufacturer must ensure that personnel are sufficiently 

qualified and that responsibilities, resources, and documented procedures support 

quality management. Risk management is integrated into all processes and covers the 

entire product life cycle, from design to market launch and PMS. Design and 

development management is a key area that includes design inputs and outputs, 

verification and validation, and change management.  

The QMS shall cover all aspects of the manufacturer's organisation that affect the 

quality of the device. This includes, for example, contract manufacturing processes, 

operating procedures, equipment and resources used. [17] 

The harmonized EN ISO 13485:2016 standard provides the regulatory basis for 

meeting the requirements of a quality system for medical devices in the EU. 

Organizations are advised to start developing a QMS at a very early stage in 

accordance with the harmonized EN ISO 13485:2016 standard. This standard provides 

comprehensive guidance starting at the header level, allowing organizations to 

establish a framework for quality management. The scope of QMS documents can vary 

significantly from one company to another. This is influenced by factors such as the 

size of the company, the way it operates and the complexity of its processes. The 

documentation shall cover all existing activities in the company. The starting point for 

documentation is the quality policy and the quality manual based on it, as well as 

procedural guidelines and the corresponding work instructions. [121] The purpose of 

Amendment 11 of 2021 was to update the annexes related to EU regulations in the 

standard to comply with the MDR. The Annex ZA describes how the requirements of 

EN ISO 13485:2016+A11:2021 relate to the requirements of the MDR. The Annex 

serves as a guide to help manufacturers demonstrate compliance. 



30 
 

The quality manual describes the structure, processes and compliance of a company's 

quality system. Figure 4 shows the hierarchical structure of quality documentation used 

in the manufacture of medical devices. The hierarchy progresses from general 

principles to more detailed operational guidelines. The quality manual (QM) at the top 

level defines the overall structure, objectives, and responsibilities of the QMS. This is 

complemented by standardized operating procedures (SOPs) at the next level, which 

describe key processes and procedures. At lower levels, work instructions provide 

detailed operating instructions for performing individual tasks, and the lowest level 

consists of forms and records that document the implementation of operations and 

compliance with requirements. If the documentation contains unclear or contradicting 

information, the accuracy of the information is verified at the higher level of the 

hierarchy, while the details of practical implementation are checked at the lower levels. 

[121,122]

 

Figure 4 Documentation hierarchy within a QMS, from high-level quality policies 
(quality manual) to detailed procedures, work instructions, and operational 
records. Figure generated using an AI tool (ChatGPT, OpenAI) based on the 
author's prompt, 2026. [121,122]  

The quality system documentation must have a clear way of being managed so that 

different versions can be identified from each other, it is easily accessible, documents 

that have been decommissioned can be identified, for example, old versions do not 

become accidentally available. Documentation must be clear, legible, identifiable and 

indisputable. 
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Production and process control ensures that manufacturing takes place under 

controlled conditions and that processes are validated. In addition, the systematic 

handling of deviations, complaints, and corrective and preventive actions (CAPA) is an 

essential part of quality management. With the MDR, PMS has also become more 

important, and manufacturers are required to continuously monitor product 

performance and safety. [17,121] 

2.6.2 Quality management in the US 

In the US, the FDA is responsible for the quality system requirements for medical 

device manufacturers. The requirements were defined in the Quality System 

Regulation, which sets out obligations for manufacturers in areas such as design 

control, production control, documentation, deviation handling, and traceability. The 

Quality System Regulation has long been the key regulatory framework in the US, and 

its goal was to ensure that devices placed on the market are safe and effective. [72]  

However, the FDA has moved towards strengthening international harmonization. As a 

result, in early February 2026, the agency published a new Quality Management 

System Regulation (QMSR) based directly on the ISO 13485:2016 standard. The 

purpose of the reform is to harmonize the US quality system requirements with 

international practice, reduce duplication of work for manufacturers, and facilitate 

compliance with global market requirements. [72] [77] 

The US quality system places particular emphasis on risk management, design control, 

the CAPA process, and PMS, which are also key elements of ISO 13485:2016. 

Figure 5 shows the structure of medical device design control. The diagram has been 

adapted from the FDA's design control guidelines and describes the key stages of the 

design process (intended use, design input, design process, design output, and 

finished medical device). The diagram also shows design reviews and verification and 

validation stages that apply to different stages of the process. [67] 
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Figure 5 Design controls for medical device. (adapted from FDA, Design Control 

Guidance for Medical Device Manufacturers). Figure generated using an AI tool 
(ChatGPT, OpenAI) based on the author’s prompt, 2026. [67] 

21 CFR 820.10 requires manufacturers of medical devices to document and maintain a 

quality system based on the requirements of ISO 13485:2016 and supplemented by 

the FDA's own regulatory requirements. According to this section, manufacturers must 

comply with the applicable parts of ISO 13485:2016 and ensure that specific US 

requirements, such as the UDI system, traceability, adverse event reporting, and safety 

notices, are incorporated into the quality system. In addition, manufacturers must apply 

the design requirements of ISO 13485:2016 when dealing with Class II or III devices or 

certain Class I devices. The regulation emphasizes that the quality system must cover 

both processes that comply with international standards and specific FDA regulatory 

requirements in order for the device not to be considered deficient within the meaning 

of the law. [77] 

2.6.3 Risk management in the EU 

In the EU MDR, risk management is a key part of the manufacturer's quality system 

and is guided by EN ISO 14971:2019, which is the EU harmonized standard for risk 

management of medical devices. Due to its harmonized status, the standard provides 

manufacturers with methods for meeting the risk management requirements of the 

MDR. EN ISO 14971:2019 defines a framework that enables manufacturers to identify, 

assess, and manage risks associated with the life cycle of a device and to monitor the 

occurrence of risks after the device has been placed on the market. [17,123,124] 

The MDR emphasizes the continuous and systematic nature of risk management. 

According to the regulation, manufacturers must maintain a risk management process 

covering the entire life cycle, including hazard identification, risk assessment, risk 
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reduction, and assessment of the acceptability of residual risks. In addition, the MDR 

requires that risk management be closely linked to the clinical evaluation, design, 

manufacture, and PMS of the device. The results of risk management must be 

documented as part of the technical documentation and must be consistent with the 

intended use, performance, and safety of the device. [17] 

The common principle of EN ISO 14971:2019 and MDR is that risk management is not 

a single step, but a continuous process that extends from design to monitoring during 

the use of the device. Thus, the risk management system is one of the key elements by 

which the manufacturer demonstrates the safety and conformity of the device on the 

EU market. [17,123] The risk management practice allows potential flaws to be 

identified at the design stage of the device, enabling them to be addressed quickly. 

This can avoid subsequent, often more costly, repair and modification processes, as 

early detection of defects can reduce the cost of subsequent design or production 

changes. [52] 

In the MDR, risk management is specifically addressed in Articles 10 and 61 and 

Annex I. Article 10 requires the manufacturer to maintain a comprehensive and 

continuous risk management system covering the entire life cycle of the device, from 

design to PMS. Article 61, on the other hand, links risk management to clinical 

evaluation and requires that the safety and performance of the device are balanced 

with the identified risks. Annex I (GSPR) specify detailed requirements for the 

application of the risk management process and requires that the results of risk 

management be consistent with the design, manufacture, and clinical evaluation of the 

device. Annex II of the MDR requires manufacturers to document the results of the risk 

management process, including hazard identification, risk assessment, risk mitigations, 

and acceptance of residual risks. [17] 

2.6.4 Risk management in the US 

In the US, risk management for medical devices is governed by requirements primarily 

contained in 21 CFR Part 820. Although risk management does not constitute a 

separate section, it is a key part of several elements of the quality system, particularly 

design control, production and process control, and CAPA procedures. The FDA 

requires manufacturers to identify and manage risks associated with the device life 

cycle at the design stage and to document the results of risk management as part of 

the design documentation. Risk management is also linked to the evaluation of device 

safety and performance and is an essential part of 510(k) notifications and other 

compliance processes. [77,125] 
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ISO 14971:2019 is one of the recognized standards, and the FDA recommends its use 

as a risk management framework [126]. Several FDA guidance documents refer to the 

principles of ISO 14971:2019, and application of the standard is established practice 

among medical device manufacturers. The FDA's QMSR reform further strengthens the 

role of ISO standards and aligns the US risk management requirements with 

international practice.  

The FDA emphasizes the importance of risk management, particularly during the 

design phase, as risk analysis is part of the agency's regulatory processes and a 

prerequisite for many FDA approval procedures. Risk management can be used to 

identify design flaws before a product is placed on the market, which, according to the 

FDA, is essential for ensuring device safety. 

Several established analysis methods are used in the risk management of medical 

devices, the most common of which are Preliminary Hazard Analysis (PHA), Fault Tree 

Analysis (FTA), and Failure Mode and Effects Analysis (FMEA). PHA is an early, 

preliminary analysis aimed at identifying potential hazards at the initial stage of design. 

FTA, on the other hand, is a top-down method that examines system-level failures and 

identifies their possible root causes using a logical tree diagram. FMEA is a bottom-up 

analysis that assesses the potential failure modes of individual components or process 

steps and their impact on the operation of the equipment. [127], [128] 

2.7 Comparison of the EU and the US regulatory frameworks 

This chapter compares the key differences between the EU and the US regulatory 

systems for medical devices. The comparison focuses in particular on classification, 

market access processes, quality system requirements, risk management, and 

differences in clinical evidence and PMS. This comparison does not intend to cover all 

the details of the EU and the US regulatory systems. The main points of the 

comparison are summarized in Table 4. 
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Table 4 Key differences between the EU and the US regulatory systems for 
medical devices. 

Section EU US 

Classification Classes I, IIa, IIb, III 

22 classification rules, 

risk-based 

Class I, II, III 

Based on risk and 

general/special controls 

requirements 

Market Access CE marking, notified 

bodies assess most 

devices 

FDA approves  

Quality System EN ISO 13485:2016 

harmonized standard 

QMSR (2026) harmonized 

with ISO 13485:2016 

Additional FDA-specific 

requirements  

Risk Management EN ISO 14971:2019 

harmonized, linked to 

GSPR requirements 

Risk management file part 

of technical 

documentation 

ISO 14971:2019 

recognized standard and 

recommended by the FDA 

Included in design controls 

requirements 

Clinical Evidence Clinical evaluation 

mandatory for all 

PMCF requirements 

510(k) rarely requires 

clinical studies 

PMA requires extensive 

clinical studies 

Post-Market Surveillance PMS, vigilance, trend 

reporting, PSUR, PMCF 

Medical device reporting, 

FDA-mandated post-

market studies 

Documentation Technical Documentation 

(MDR Annex II & III) 

Design History File, 

Device Master Record, 

Device History Record 

Authority Notified bodies + national 

authorities 

FDA conducts 

assessment and 

surveillance itself 

 

The regulatory systems for medical devices in the EU and the US are based in part on 

the same principles, but there are differences in their structure, approval processes, 
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and documentation requirements. The EU's MDR provides a harmonized, life-cycle-

based regulatory framework in which devices are classified into four risk classes (I, IIa, 

IIb, and III) and conformity assessment is based primarily on assessments carried out 

by notified bodies. In the US, the FDA uses a three-tier classification (Class I–III), but 

the classification is based not only on risk but also on the general and specific control 

requirements imposed on the device. Market access differs between the two systems. 

In the EU, the manufacturer obtains the CE marking through a notified body, while in 

the US, the FDA performs the approval. [17,22,110] 

In terms of quality system requirements, the systems have become more similar. EN 

ISO 13485:2016 is a harmonized standard in the EU, and the FDA's QMSR reform, 

which came into force at the beginning of 2026, harmonizes US quality system 

requirements with ISO 13485:2016. This removes the previous structural difference, 

where FDA 21 CFR 820 (QSR) deviated from the structure of the standard. With 

QMSR, manufacturers can use the same quality system framework in both markets, 

although the FDA still maintains its own additional requirements, such as the UDI 

system, reporting obligations, and registration requirements. [50,77,96,121] 

In terms of risk management, both systems are based on the principles of ISO 

14971:2019, but in the EU, the standard has been harmonized (EN ISO 14971:2019) 

and directly linked to the MDR's GSPR. In the US, ISO 14971:2019 is not legally 

binding, but the FDA officially recognizes it and recommends its use as part of design 

control and approval processes. The systems differ in terms of clinical evidence 

requirements. The EU requires clinical evaluation for all devices and emphasizes 

continuous clinical monitoring (PMCF), while in the US, the need for clinical research 

depends on the approval pathway.  

Due to these differences, the regulatory frameworks of the EU and the US have 

converged in part but have not been aligned. Manufacturers still need to take into 

account different market access procedures, clinical evidence requirements, and 

specific FDA reporting and registration obligations, even though the quality system 

basis is now largely common. 
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3. THE INGA PROJECT 

3.1 Background 

One in three births is induced, and approximately one third of these inductions result in 

a caesarean section, which often leads to higher healthcare costs and, for many 

patients, a more negative birth experience. IOL is frequently perceived as 

uncomfortable, and limited mobility during the procedure may further contribute to 

dissatisfaction. At the same time, pregnancies that extend beyond 40 weeks are 

associated with increased maternal and fetal risks, making induction medically justified 

in many cases. [7,8,129] 

The Inga project aims to improve the safety and effectiveness of labour induction 

through optimised induction management and enhanced real‑time monitoring. The 

system under development consists of a catheter, a sensor and associated software. 

The sensor technology is designed to measure uterine contractions and fetal heart rate 

during cervical ripening, enabling more informed clinical decision‑making and earlier 

identification of potential risks. The overall goal is to improve patient safety, reduce 

healthcare costs and enhance the birth experience. 

The motivation for the project stems from a clinical need identified by obstetricians. 

Current induction methods are either insufficiently monitored or lack real‑time data on 

the progress of cervical ripening. The Inga system aims to address this gap by 

integrating mechanical cervical ripening with continuous physiological monitoring. This 

combination supports timely clinical interventions and may improve the success rate of 

IOL. 

Development of the catheter has progressed iteratively, guided by the practical 

experience of clinicians involved in the project. Their feedback has informed design 

improvements related to usability, insertion technique and overall handling of the 

device. An industrial designer has contributed to refining the catheter’s structural 

features and preparing technical drawings for contract manufacturing. Likewise, the 

sensor concept has evolved based on feedback from healthcare professionals and 

evaluation of existing monitoring technologies. As the project moves toward 

commercialization, manufacturing of both the catheter and the sensor is expected to be 

carried out through subcontractors or contract manufacturers, which must be 

considered in the project's regulatory and quality management planning. 
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3.2 INGA system 

Inga's medical device will consist of three different medical devices: a catheter, a 

sensor and a software. Currently, the catheter will be the only medical device that can 

be used on its own without any other components or accessories. Figure 6 shows a 

design drawing of the catheter structure. The catheter consists of a shaft (102), two 

lumens (110 and 112), and a balloon (114). One lumen is intended for filling the balloon 

and the other for transporting measurement data. The catheter is approximately 45 cm 

long. In the future, changes may be made, for example to allow the sensor to be 

combined with catheters from other manufacturers to make it operational. The sensor 

is attached to the catheter and used to measure physiological parameters during 

childbirth, such as pressure, heart rate, and fetal movement. The measurement data 

collected by the sensor is transmitted wirelessly to software that receives and 

processes the data. The software displays the measurement results in visual form in 

the user interface, enabling real-time monitoring. 

 

Figure 6 Structural drawing of the INGA catheter [130]. 

At this stage of development, the device does not contain AI components and is 

therefore not subject to the European Union's AI Act (EU) 2024/1689 [131]. This may 

change in further development if AI-based functionalities are added to the medical 

devices. 

The medical devices developed by the INGA project will be combined into a system 

that will allow remote monitoring of the IOL (Figure 7). Off-label catheters, which are 

indicated for urinary catheter use, are currently used to induce labour. This is purely 

because the catheters are suitable for IOL and are significantly cheaper than catheters 

intended for IOL. The INGA project aims to bring to the market a catheter with an 

indicated use for IOL. The catheter is designed to improve its insertion, for example by 

changing its shape so that it can be used on its individual basis and does not, for 

example, require the assistance of a nurse, as is the case with current catheters.  
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Figure 7 High-level conceptual illustration of the medical device system 
developed within the INGA project for remote monitoring of IOL [132]. 

The development of the catheter has focused on adding smart features that enable 

monitoring of the progress of labour and provide healthcare professionals with the 

information they need to support decision-making.  

3.3 Preparation of the clinical investigation 

A clinical investigation permit for the catheter currently under development is being 

requested from Fimea for three different hospitals in different parts of Finland. 

Conducting the investigation in several hospitals will enable different patient groups 

and regional operating environments to be considered, which will strengthen the 

generalizability of the results. The process is proceeding in such a way that approval 

for the investigation has first been requested and obtained from the ethics committee, 

after which it has been possible to proceed with the actual application for approval from 

Fimea. The ongoing investigation for the research phase is conducted under Article 82 

(non‑CE‑mark study). This study is not used for conformity assessment. A separate 

Article 62 clinical investigation will be planned later for CE marking purposes. The 

same approach will be taken with both the sensor and the software. 

3.4 Regulatory market entry strategy 

The Inga project must clearly define the intended use of the devices, s it largely 

determines the regulatory pathway and market entry of the devices. The intended use 

of the devices has been initially defined as shown in Table 6 (Section 5.2). t this stage, 
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the definition remains preliminary and relatively high-level, but it will be further refined 

as the device models and technical specifications are developed. 

Given the regulatory complexity and potential risks associated with simultaneous entry 

into multiple markets, the Inga project aims to first enter either the EU or US medical 

device market before expanding to the other. 
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4. RESEARCH MATERIALS AND METHODS 

4.1 Materials 

The thesis is mainly based on literature. A literature review was used to compile and 

analyse information on regulations, standards, and guidelines related to medical 

devices, which were used to form the theoretical framework for the thesis. In addition, 

official documents and guidelines published on the websites of various regulatory 

authorities, such as the US FDA, the European Commission, and Fimea, were used as 

source material. Inga's device design documentation was also used as material to 

define the device classification and identify the applicable regulatory requirements. 

The search was limited to articles published in the last ten years to ensure that the 

information was up-to-date and relevant. For the MDR, the aim was to keep the 

limitation within the last few years, as the MDR came into force in 2017 and became 

applicable 2021. Documents and books were selected based on specific inclusion and 

exclusion criteria. Inclusion criteria included sources that provided clear information on 

regulatory processes, laws, standards, and guidelines related to medical devices, 

focusing on both EU and US regulatory environments. Exclusion criteria included 

sources that were considered outdated, such as those that contained information on 

Medical Device Directives (MDDs) or were not peer-reviewed. However, exceptions 

were made for certain sources, as some aspects have remained unchanged despite 

the transition from the MDD to the MDR. Therefore, some older but still recognised 

sources were also included to provide a comprehensive background. Examples of such 

sources include the WHO recommendations on IOL, which is still relevant although 

published earlier [8]. In addition to these, the thesis has utilized information obtained 

through the Inga project, such as the design specifications of the device, which have 

been used to define the intended use and classification of the device. 

Search terms used included "medical device regulation", "medical device guidelines", 

"FDA guidelines", "EU MDR", "ISO standards" and "medical device approval process". 

These terms are not exhaustive. 

4.2 Methods 

The research design of this thesis is qualitative in nature, focusing on a systematic 

literature review. This was chosen as the approach to gain an understanding of the 
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regulatory environment in the EU and the US and to develop a regulatory strategy for 

the Inga’s medical devices. 

The methods used in this study are primarily based on a comprehensive literature 

review aimed to collecting and analysing existing information on the regulatory 

processes required for the marketing and post-marketing surveillance of medical 

devices.  

Literature review included a systematic search, review and summary of regulations, 

laws, standards, published articles and reports. In addition, significant literature in the 

field was reviewed. The aim was to collect and analyse existing information on the 

regulatory processes required for the marketing and post-marketing surveillance of 

medical devices. This thesis focuses primarily on what a device manufacturer should 

do and therefore leaves aside how a device manufacturer should operate, in order to 

keep the scope of the work manageable. 

The FDA and MDR classification rules were applied for the device classification of the 

catheter and sensor. For the FDA, classification rules based on the intended use and 

risk profile of the device were applied to classify devices as Class I, II or III. This 

involved comparing the device classification to the device categories that appeared on 

the 510(k) premarket notification for the predicate device. For MDR, classification rules 

were applied considering the intended use, duration of use and invasiveness.  

In addition, official websites of the EU and publications of regulatory authorities have 

been used to describe compliance and regulatory pathways. 

The literature review in this study followed a systematic approach to identify, select, 

and critically evaluate relevant sources of information.  

 



43 
 

5. RESULTS 

5.1 General 

Compliance with regulatory requirements is essential for the successful market entry of 

the medical devices developed under the Inga project. This chapter discusses how the 

key regulations, standards, and guidelines for medical devices, both in EU and in US, 

need to be considered during the life cycle of the Inga project's medical devices. For 

the project, compliance with these regulations is mandatory to ensure that the devices 

meet the safety and performance requirements for commercialization. 

The registered office of the Inga project will initially be in Finland, so the requirements 

for a registered office outside the EU are not considered here when talking about the 

requirements of the MDR. As a future company, Inga is still considered to be a micro-

enterprise and cannot be expected to have a compliance officer in the organization. 

However, the organization must have such a person permanently and continuously 

available and such a service can be purchased, for example, from a consultancy 

company whose experts have the required expertise in the field of medical devices. 

[17,80] 

Applicable regulations, standards and guidelines should be collected in advance and 

studied to see if other understanding needs to be added and whether all the necessary 

requirements will certainly be met during the development of the devices. The correct 

classification of a device should be determined from the beginning, because a 

classification that is too low will cause additional work and delays in getting the medical 

device on the market, while a classification that is too high will cause unnecessary 

work, waste time and cause unnecessary financial costs. 

The medical devices designed by the Inga project are intended to be marketed in the 

EU and the US in the future, which means that legislation in both regions must be 

considered. In the EU the MDR will be the main regulation for the placing on the market 

of medical devices, while in the US the FDA Title 21 Medical Devices will be the main 

regulation. In addition to these, as the country of origin of the project will currently be 

Finland, it will have to consider the Medical Devices Act 719/2021 in the development 

of the device. 



44 
 

5.2 Literature search results 

The literature search was performed using a combination of English‑ and 

Finnish‑language sources. Academic articles were retrieved mainly from PubMed and 

the Andor search tool of Tampere University Library. Searches were supported by 

Boolean operators and, when relevant, medical subject heading terms. Because a 

substantial part of the regulatory material consists of official (non‑academic) 

publications, additional documents were collected manually from authorities such as 

the European Commission, Fimea, and the US FDA. 

The search was exploratory rather than systematic, aiming to identify the most relevant 

regulatory, scientific and methodological sources to support the development of the 

medical device examined in this thesis. For this reason, and because the search was 

iterative, no separate summary table of search strings and hit counts is provided. 

Instead, the included literature is presented and referenced directly within the narrative 

review. 

Although Chapter 2 is presented as a literature review, it is also one of the key findings 

of this thesis. The chapter compiles a very broad and fragmented regulatory database 

into a coherent framework that integrates the EU’s MDR and the US FDA 

requirements, expectations regarding quality systems, standards, and the principles of 

clinical evidence. This summary is not merely background material; it forms a 

structured and practical regulatory foundation that is directly applied in the device-

specific analyses in this chapter. 

For this reason, the literature review is considered an essential result of the thesis, as it 

establishes the regulatory logic upon which the classification of the INGA catheter, 

sensor, and software, the conformity assessment pathways, the documentation 

structures, and the clinical trial requirements are based. The insights from Chapter 2 

are thus an integral part of the Results section and form the basis for the regulatory 

interpretations and decisions presented in Chapters 5.4–5.7. 

Table 5 provides examples of key regulatory documents and supporting standards and 

guidelines. It is the responsibility of the manufacturer to identify all requirements 

applicable to the product and its intended use, including those not listed in the table. 
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Table 5 Selected regulatory documents and supporting standards and 
guidelines to ensure compliance in the EU [17,61,97,101,124,133,134]. 

Document Purpose Relevant  

 Standard 

 Guideline 

 Regulation 

Appendix/Section 

Investigator’s 

Brochure 

(IB) 

Summarizes all relevant 

pre-clinical and clinical 

data about the 

investigational device 

EN ISO 14155:2020 

EN ISO 14971:2019 

MDR 2017/745 

 

Annex E 

 

Clinical 

Investigation 

Plan (CIP) 

Defines the objectives, 

design, methods, and 

evaluation criteria of 

clinical research and 

ensures that the research 

is conducted in an ethical 

and regulatory compliant 

manner. 

EN ISO 14155:2020 

MDR 2017/745 

MDCG 2021‑6 

Section 6.2 

MDR Annex XV 

Clinical 

Report Form 

(CRF) 

Used for documenting and 

reporting patient-specific 

data collected during the 

study in accordance with 

the study plan. 

EN ISO 14155:2020 

General Data 

Protection 

Regulation (GDPR) 

MDR 2017/745 

Section 7.2.2 

Clinical 

Evaluation 

Report 

(CER) 

Compiles and evaluates 

all available clinical 

evidence on the safety 

and performance of the 

device and demonstrates 

that the device meets the 

requirements of the MDR 

throughout its entire life 

cycle. 

MDR 2017/745 

MDCG 2020‑1 

MDCG 2020‑13 

Annex XIV 

 

Table 6 provides an overview of the key characteristics and regulatory information of 

medical devices in the Inga project. It includes, for instance, information on the 

intended use of each device, medical purpose, and the regulatory classification.  
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Table 6 Summary of key characteristics and regulatory information for Inga-
projects medical devices. 

5.3 Intellectual property and freedom to operate overview 

The MDR emphasizes patient safety and device performance, but at the same time it 

has a significant impact on companies' management of intellectual property (IP) and 

FTO. IP includes patents, trademarks, technological innovations, and clinical evidence, 

 Catheter Sensor Software 

Intended Use To induce labour by 

promoting cervical 

ripening 

Monitor contractions 

during the IOL with 

balloon catheter and 

to monitor the fetal 

heart rate. (not used 

in combination with a 

medicinal product) 

Monitor the patient´s 

condition during 

labour induction. 

Medical 

purpose 

IOL in pregnant 

persons 

To provide 

healthcare 

professionals with 

diagnostic 

information that will 

enable them to 

effectively manage 

the progress of 

labour induction 

To assist healthcare 

professionals in 

monitoring and 

assessing the 

patient's condition 

during labour 

induction, supporting 

clinical decision-

making to improve 

maternal and fetal 

outcomes. 

Intended 

purpose 

Assists in dilation of 

cervix and initiation 

of contractions in 

pregnant person 

requiring medically 

managed labour 

induction. 

 

Used in conjunction 

with a catheter for 

continuous 

monitoring of uterine 

contractions and 

fetal heart rate 

during IOL. 

Continuously monitor 

maternal and fetal 

parameters during 

labour induction. 

Provides real-time 

data visualization 

and alerts to support 

timely medical 

interventions. 

Regulatory 

Classification  

EU: Class IIa  

US: Class II  

EU: Class IIa  

US: Class II  

EU: Class IIa  

US: Class II 

Regulatory 

Pathway  

EU: MDR 

US: 510(k)/De Novo 

EU: MDR 

US: 510(k) 

EU: MDR 

US: 510(k) 
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which can be key sources of competitive advantage for medical device manufacturers. 

FTO requires careful analysis to determine whether the planned product or technology 

is patented or protected in other ways. This is particularly important in the EU internal 

market, where regulations have been harmonized. Table 7 shows the key factors 

related to IPR and FTO that affect the commercialization of medical devices in the EU. 

Table 7 Intellectual property rights and protection aspects related to 
commercialization of the medical devices.  

Aspect Description 

Patentability Assessing whether the innovation is novel and can be 

patented. 

Trademark protection Ensuring that branding elements are protected 

Copyright Considerations Protecting example software code and technical 

documents. 

FTO Search Identifying existing patents that may restrict 

commercialization. 

Although the MDR does not require the protection of IPR, the IPR perspective should 

be taken into account when assessing the commercialization readiness of the INGA 

system. The project has assessed the patent protection related to the Inga catheter 

solution. In addition, it is recommended to continue reviewing the patent potential 

related to sensor technology and software and, if necessary, to conduct a freedom-to-

operate study before entering the market. 

5.4 Premarket activities in the EU 

As the manufacturer, Inga shall ensure that the device is designed and manufactured 

in such a way that it meets the requirements set out in MDR i.e. GSPR, and that the 

device is correctly classified, clinical evaluation has been performed, and technical 

documentation has been prepared in accordance with Annexes II and III. As the 

manufacturer, Inga is responsible for carrying out the conformity assessment with the 

notified body, ensuring that the device is correctly CE‑marked and accompanied by 

instructions for use (IFU), registering and documenting its placing on the EU market, 

and implementing post‑market surveillance measures. 
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5.4.1 Classification 

Before setting any regulatory pathway for a medical device, its intended use must be 

clearly written down. The intended use of the device and, through that indication for 

use, the characteristics of the device will determine which category of device it will be 

placed in. For each device, a device class must be defined to determine its regulatory 

pathway, as different device classes have different and varying levels of requirements 

for determining compliance. Although a catheter can be used in combination with a 

sensor, the classification rules must be applied separately to each device. [17] 

Catheters are intended to be used in pregnant patients to induce labour. It is intended 

to modify a physiological process for medical purposes, in this case to mechanically 

induce labour. The catheter is not covered by the IVDR because it does not provide 

information on samples from the human body by in vitro examination. The catheter 

classification may exclude rules on the administration of the medicine, as the catheter 

is not used in combination with a medicinal product. Classification Rule 4 can be 

considered to apply to a catheter because of the possibility of contact with the 

damaged mucous membrane. The catheter also does not meet the definition of an 

active device and is therefore considered a non-active device and therefore rules 9-13 

do not need to be considered for classification. Rule 5 is applicable to the catheter, as it 

can be used independently or in combination with our sensor. The device is an invasive 

device for body orifices and is intended to be connected to an active medical device, a 

sensor, classified as Class IIa, IIb or III. Based on the specifications and rules reviewed 

above, the highest classification applicable to the catheter is Class IIa. [17,22] 

The purpose of the sensor is to monitor physiological changes during childbirth, such 

as uterine contractions, and thus provide medical information to healthcare personnel. 

The sensor is an electronic device that uses measurement technology and wireless 

data transfer to transmit data to a receiving device. The device has an embedded 

control system that processes measurement signals. In addition, separate software is 

required to receive and display the measurement data in the user interface. The sensor 

is used in combination with the catheter to which it is attached. The sensor is also not 

covered by the IVDR because it does not provide information on samples taken from 

the human body in vitro.  

The classification of the sensor may also exclude rules on medicine administration, as 

it is not used in combination with a medicine. The sensor needs energy to operate its 

sensing and data collection capabilities, making it an active medical device. The sensor 

can be considered as an active monitoring device based on Annex VIII Clause 2.5 of 

the MDR. A sensor is not considered to be an active therapeutic device, an active 
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implantable medical device or an active medical device that actively delivers or 

removes medications, bodily fluids, or other substances to or from the body. The 

sensor acts as an active monitoring device designed to monitor the physiological 

parameters of the labouring patient. The changes it detects may lead to adjustments in 

patient care. Furthermore, its intended use does not cover the diagnosis of conditions 

in urgent clinical situations where the immediate well-being of the patient is at risk. 

Therefore, the sensor meets the criteria for Class IIa classification in accordance with 

rule 10 of Annex VIII of the MDR. [17,22] 

The software is designed to display and monitor various physiological functions during 

labour. It uses data from sensors to display different fetal and maternal values, which 

physicians utilize to support and plan procedures. Since the software falls under the 

MDR's "Active device for diagnosis and monitoring," it is classified under one of the 

rules 9–13. Rule 11 applies to Inga software because it is software whose data is used 

to make diagnostic decisions.  

According to the above information, the catheter, the sensor and the software are 

defined as medical devices as defined in Article 1 and Article 2(1) of the MDR. Based 

on Chapter I of Annex VIII of the MDR, the use of the catheter, sensor and software are 

classified as short-term use, as those are typically used for more than 60 minutes and 

up to 30 days. [17] The classification of the INGA system medical devices is presented 

in Appendix A, where a table is provided based on the classification rules of the MDR. 

5.4.2 Technical documentation 

Technical documentation serves as the basis for bringing the INGA system to market, 

as it demonstrates that the device meets MDR requirements. Compiling documentation 

for the INGA system is not merely a formality, but a systematic process that must cover 

the entire life cycle of the device, from design to PMS.  

Appendices B–D include lists of applicable standards for the INGA system devices, 

which support the preparation of the technical documentation, particularly in 

demonstrating compliance with applicable MDR requirements. An example of technical 

documentation is provided in Appendix E. 

The project team must prepare comprehensive technical documentation that clearly 

describes the structure of the balloon catheter, the materials used, and their suitability 

for the intended use. This requires, in particular, an assessment of biological 

compatibility and toxicological safety, as the Inga balloon catheter is an invasive device 

and comes into contact with mucous membranes and biological fluids such as blood 
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and other bodily secretions. In addition, the measurement principles, sensor operation, 

and calibration methods must be documented in such a way that the performance and 

repeatability of the device can be demonstrated. Regarding software, the INGA project 

must describe the software development life cycle from requirements definition to 

validation and maintenance. The documentation must include software risk 

management, testing, validation, and cybersecurity solutions. These demonstrate that 

the software functions safely and as intended in all foreseeable situations of use. 

Furthermore, the technical documentation must also contain the benefit–risk analysis 

and a description of the risk‑management activities as required by Annex II of the 

MDR. This includes a summary of the benefit–risk considerations outlined in Sections 1 

and 8 of Annex I, and the resulting risk‑management measures described in Section 3 

of Annex I, showing how risks have been identified, assessed, mitigated, and 

monitored throughout the development process. 

The project also requires the creation of a GSPR matrix, which systematically reviews 

how the device meets the GSPR of Annex I of the MDR. In practice, this matrix serves 

as a checklist and demonstration document for the notified body. 

In addition, the INGA project must ensure that the structure and content of the technical 

documentation are consistent with Annexes II and III of the MDR. The MDCG 2019-13 

guidance can be used in the preparation of the documentation to clarify the structure 

and ensure readiness for assessment. [17,135] 

5.4.3 Clinical evaluation and clinical investigation 

The clinical evaluation and clinical investigation of medical devices in the INGA project 

comply with the requirements of the EU MDR and the EN ISO 14155:2020 standard. 

Since there is insufficient direct clinical evidence from previous studies for the INGA 

catheter and there is no other fully equivalent device on the market, clinical research is 

necessary to demonstrate compliance. The clinical investigation focuses on the INGA 

induction catheter, which is intended for the mechanical ripening of the cervix prior to 

the initiation of labour.  

The clinical evaluation covers existing clinical evidence on the use of balloon catheters 

in labour induction, the performance of comparable devices on the market, and 

analyses based on technical documentation. A literature review shows that mechanical 

cervical ripening is considered an effective and safe method for certain patient groups, 

but the structural characteristics of the device have a significant impact on the patient 

experience and reliability of use. Based on this information, it is considered necessary 

to conduct a clinical investigation of the INGA catheter in accordance with the EU 
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requirements. The following information is derived from the Inga project’s internal 

clinical investigation documentation [136]. 

The primary objective of the study is to evaluate the safety, usability, and performance 

of the INGA induction catheter for its intended use. The objectives are to investigate: 

 the effect of the catheter on changes in Bishop scores 

 the dwell time of the catheter and the progress of labour 

 the pain and discomfort experienced by the patient 

 the experiences of healthcare professionals regarding the usability of the device 

 the outcomes of labour and any adverse events 

The study is a prospective, open-label, non-randomized early-phase clinical 

investigation involving 30–50 full-term pregnant women. The study will be conducted in 

several hospitals in Finland. The study represents an early-phase clinical investigation 

aimed at obtaining preliminary safety and performance information. 

Inclusion criteria include: 

 ≥ 18 years of age 

 full-term (≥37+0) singleton pregnancy 

 immature cervix (Bishop ≤ 6) 

 medical indication for IOL 

 Cephalic presentation 

Exclusion criteria relate to, among other things, infections, pathological CTG, multiple 

pregnancies, eclampsia, and other pregnancy complications. Special requirements for 

the examination of pregnant women (MDR Art. 66) are taken into account. 

As this is an early-phase clinical investigation, the sample size does not allow for 

statistical power calculations. Endpoints will be analysed descriptively and, where 

appropriate, using linear, categorical, or survival analysis methods. The methods for 

analysing the endpoints are defined in advance in the CIP document. 

All adverse events will be documented in the CRF. Serious adverse events 

(SAE/SADE) will be reported to the sponsor within 24 hours, and the sponsor will be 

responsible for further reporting to Fimea and EUDAMED (when in use). Safety 

monitoring will comply with Articles 80–82 of the MDR. 
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The study is monitored in accordance with EN ISO 14155:2020. Monitoring includes 

both remote and on-site source data verification reviews. Study personnel are trained 

in study methods and device use before the study begins. 

Research data is pseudonymized and processed in accordance with the GDPR and EN 

ISO 14155:2020. The study requires a positive statement from the ethics committee 

and approval from Fimea before it can begin. The study may not begin until both 

approvals have been obtained. 

Table 8 shows the essentials standards for Inga medical device system. A 

comprehensive list of applicable standards for the devices can be found in Appendix B 

to D.  

Table 8 Essential standards for Inga’s medical devices [44,96,97,124,137–142].  

Standard Type of Evaluation / 

Assessment 

Catheter Sensor SW 

EN ISO 13485:2016 Quality Management System 

Compliance 
X X X 

EN ISO 14971:2019 Risk Management Process X X X 

IEC 60601 series Electrical Safety Testing  X  

IEC 62133:2012 Battery and Charging Testing  X  

ISO 10993 series Biocompatibility X X  

EN ISO 11135:2014 Sterility Testing X   

ISO 11607 series Shelf Life and Stability 

Testing 
X  

 

EN ISO 14155:2020 Clinical Testing X   

IEC 62366-1:2015 Usability Testing X X  

IEC 62304:2006/ 

Amd 1: 2015 

Software Verification and 

Validation 
 X X 

5.4.4 Conformity assessment 

The manufacturer, in this case the Inga, shall carry out the conformity assessment of 

the project devices through a notified body. The assessment is carried out in 

accordance with Annex IX of the MDR. The project has the freedom to choose the 
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notified body of its choice to carry out the conformity assessment. However, the notified 

body must be appropriately designated to carry out this activity for the device in 

question because notified bodies can only assess certain or all classes of medical 

devices. [17,32] 

The conformity assessment includes an evaluation of the manufacturer's QMS and the 

quality of the technical documentation, ensuring that it is comprehensive, professionally 

prepared, and meets all regulatory requirements. 

Technical documentation must include the parts specified in Annexes II and III of the 

MDR. More information on these is provided in section 2.4.6. 

5.4.5 Quality management system 

The QMS forms a structure that ensures the conformity of medical devices belonging to 

the INGA system throughout their entire life cycle. The project shall implement a QMS 

that covers risk management, clinical evaluation, design, manufacturing, procurement, 

software development, and post-market activities as required by the MDR. The 

purpose of QMS is not only to document operations, but also to create management 

mechanisms that enable these processes to be carried out consistently. 

For the INGA entity, the QMS shall cover both physical equipment and software life 

cycle processes. It is recommended that the system be based on the principles of the 

EN ISO 13485:2016 standard, but its application must consider the scope and life cycle 

perspective of the MDR.  

It is recommended that the system be based on the principles of the ISO 13485:2016 

standard and include procedures for, among other things, risk management, 

documentation management, change management, supplier management, traceability, 

deviation handling, and PMS. With regard to software, the QMS must also cover 

software development lifecycle management and validation. 

Since the physical manufacture of the INGA system and the production of components 

can be carried out either in-house or outsourced, the QMS must include clear 

procedures for the assessment, approval, and continuous monitoring of external 

suppliers and manufacturing partners. However, responsibility for compliance remains 

with the manufacturer regardless of the extent of outsourcing, which is why supplier 

management should be risk-based and traceable. Ensuring compliance must therefore 

not depend on the extent to which manufacturing is outsourced. 

The QMS does not specify in detail how manufacturing or software development is 

carried out technically but instead creates structures and controls that enable the entire 
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INGA system life cycle to be managed in a systematic, documented, and traceable 

manner. The QMS does not specify individual technical solutions but ensures that the 

entire life cycle of the INGA system is controlled, documented, and auditable. This 

structure enables both the demonstration of conformity to the notified body and the 

continuous monitoring of the safety and performance of the device on the market. 

5.4.6 Labelling requirements  

The labelling and IFU of medical devices covered in Annex I, Chapter III of the MDR, 

indicating the general requirements for the information to be provided by the 

manufacturer and the necessary information to be included in the labelling. [17] 

In addition to the marking requirements, the Inga project must ensure that all CE 

marking requirements are met before the device is placed on the market. This means 

that the project must complete the technical documentation in accordance with 

Annexes II and III of the MDR, perform a conformity assessment in accordance with 

the selected procedure, and obtain an assessment from a notified body, as the devices 

(catheter, sensor, software) belong to class IIa. The CE marking can only be affixed 

once the notified body has issued a certificate of conformity and the manufacturer has 

drawn up an the EU DoC. It should be noted that this must be done separately for each 

device. In addition, the Inga project must ensure that the device's UDI identifiers, 

manufacturer information, and IFU comply with Annex I of the MDR and are available 

in all official languages of the EU in which the device is placed on the market. These 

measures will ensure that the device meets all the requirements for placing it on the 

market in accordance with the MDR and that the CE marking can be affixed 

appropriately. The CE marking shall be accompanied by the identification number of 

the notified body where the device is subject to conformity assessment procedures for 

which the notified body is responsible pursuant to Article 52. The same identification 

number shall also be included in any marketing material that refers to the CE marking 

or the conformity of the device. 

5.5 Post-market activities in the EU 

After placing the INGA system (catheter, sensor, and software) on the market, the 

manufacturer shall maintain systematic post-market activities in accordance with the 

MDR. The aim is to ensure continuous monitoring of the safety and performance of the 

device in its actual environment of use and to identify any corrective measures in a 

timely manner. Although, the devices form a functional whole when used together, from 

the MDR perspective they are three separate medical devices, each with its own post-
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market obligations. Inga is the manufacturer of all three devices and is therefore 

responsible for the individual PMS, PMCF, and vigilance obligations of the devices, as 

well as for monitoring the system-level safety associated with the interaction of the 

devices. 

Chapter VII of the MDR deals with PMS, adverse events and market surveillance. The 

requirements for post-marketing activities are set out in section 1.1 of Annex III of the 

MDR. These requirements should be specified in the Inga systems PMS plan. This 

plan is part of the technical documentation specified in Annex II.  

In accordance with Article 25 of the MDR "Identification within the supply chain", the 

economic operator, Inga, shall establish and maintain a protocol or system that allows 

the identification and tracking of all economic operators, healthcare entities and 

healthcare professionals to whom it has directly supplied a device. This protocol or 

system is necessary to meet the requirements laid down in Article 10(8) in the MDR. 

This is achieved by developing or deploying a commercial tracking system that records 

detailed information about what occurs in the supply chain of the devices. This will 

involve ensuring that the relevant information is recorded, and that the system is kept 

up to date with current regulations. [17] 

The manufacturer must comply with the DoC in accordance with Article 19 of the MDR. 

The DoC shall contain at least the information specified in Annex IV of the MDR. The 

DoC shall be provided in the official language or languages of the Member State in 

which it is made available. When the device is made available in Finland, the DoC must 

be submitted in Finnish and Swedish, which are the official languages of Finland. In 

addition, the manufacturer may, if they wish, include an English version, which may 

facilitate international communication and cooperation. [17] In Inga's case, the DoC for 

medical devices must be made in both Finnish and Swedish. If desired, the 

manufacturer may also publish it in English.  

5.5.1 Post-market surveillance 

The primary objective of the Inga PMS system should be to proactively identify and 

resolve any potential performance or safety issues with the devices when they are 

deployed in real clinical settings. The systematic collection and analysis of post-

marketing data will aim to identify adverse events, trends or patterns that may indicate 

areas for improvement or require further investigation. 
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5.5.2 Continuous compliance 

According to the MDR, the Inga project should take the following actions. If the Inga 

project identifies or has reason to believe that a device placed on the market or put into 

service does not comply with the MDR, it shall immediately take the necessary 

corrective action. These measures include bringing the device into compliance, 

withdrawing it from the market or arranging a recall. In addition, the project shall inform 

the representative of the authority, if necessary. The Inga project shall maintain an 

incident and safety corrective action recording and reporting system in accordance with 

Articles 87 and 88 of the MDR. If requested by the competent authority, the Inga 

project is obliged to provide all relevant information and documentation to confirm the 

conformity of the equipment. This documentation shall be provided in one of the official 

languages of the EU designated by the Member State concerned. In addition, Fimea, 

as the competent authority in Finland, may require the manufacturer to provide free 

samples of the device or, if this is not possible, to allow access to the device. 

In addition, the Inga project must maintain a systematic CAPA procedure designed to 

identify the root causes of deviations, implement corrective measures, and prevent 

similar problems from recurring. The CAPA process must be based on documented 

observations, risk assessment, and monitoring of the effectiveness of measures to 

ensure the continued compliance of the device throughout its life cycle. At this stage, 

the Inga project must ensure that the CAPA procedure is integrated into the lifecycle 

management of the devices and that all detected deviations lead to appropriate 

corrective and preventive actions. This will ensure the continued compliance of the 

device and the maintenance of the safety level required by the MDR.  

Figure 8 provides a high‑level overview of the recommended EU MDR regulatory 

process for the INGA catheter, sensor, and software components. The flowchart 

illustrates how each subsystem progresses from defining the intended purpose and 

classification through conformity assessment activities to CE marking and post‑market 

surveillance. The figure is intended as a conceptual process illustration, highlighting the 

key regulatory steps and system‑critical standards relevant to each subsystem. Only 

selected standards and requirements are shown for clarity; additional applicable 

standards, detailed regulatory obligations, and supporting guidance documents are 

addressed in the corresponding text sections (Sections 5.4.1–5.5.2). 
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Figure 8 Regulatory pathway for the INGA catheter, sensor and software under 
the EU MDR. Figure generated using an AI tool (ChatGPT, OpenAI) based on the 
author's prompt, 2026. 

5.6 Premarket activities in the US 

Access to the US market requires that the Inga project identify the device classes and 

select the corresponding FDA regulatory pathways. Each pathway has its own 

requirements that must be met before the device can be approved or placed on the 

market. At this stage, the Inga project must ensure that the selected paths for the 

catheter, sensor, and software meet the technical, clinical, and quality requirements set 

by the FDA. These include compiling documentation on the device's performance, 

safety, and comparability, as well as producing clinical evidence if necessary. In 

addition, the project must ensure that the device's design documentation, risk 

management information, and quality system processes are ready for FDA inspection. 

Before submitting the application, the Inga project must also assess whether FDA pre-

submission guidance (Q-Submission) is needed to ensure that the planned approval 

strategy and the material to be submitted meet the expectations of the authority. 

Through these actions, the Inga project will ensure that the device meets the 
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requirements of the chosen regulatory path and that the documentation submitted to 

the FDA is comprehensive and acceptable for approval. 

Although the catheter, sensor and software form an integrated clinical workflow when 

used together, they must be registered as three separate medical devices in the US, 

each with its own product code, predicate device, 510(k) submission, labelling 

requirements and postmarket obligations. 

5.6.1 Classification 

Inga's Catheter Medical Specialty falls under the category of obstetrical and 

gynecological specialties, which is referenced in 21 CFR Part 884 [111]. In part 884, 

subpart E - Obstetrical and Gynecological Surgical Devices, the catheter was 

considered to be part of §884.4260 - Hygroscopic Laminaria cervical dilator. Under part 

884.4260 devices are classified as class II. §884.4260 definition: “A hygroscopic 

Laminaria cervical dilator is a device designed to dilate (stretch open) the cervical os by 

cervical insertion of a conical and expansible material made from the root of a seaweed 

(Laminaria digitata or Laminaria japonica). The device is used to induce abortion.” [111] 

The last sentence may sound misleading, but similar catheters used to induce labour 

are classified under this section. 

In other hand, Inga Sensor falls under the category § 884.2740 Perinatal monitoring 

system and accessories, a category designated as class II. §884.2740 definition: “A 

perinatal monitoring system is a device used to show graphically the relationship 

between maternal labour and the fetal heart rate by means of combining and 

coordinating uterine contraction and fetal heart monitors with appropriate displays of 

the well-being of the fetus during pregnancy, labour, and delivery. This generic type of 

device may include any of the devices subject to §884.2600, 884.2640, 884.2660, 

884.2675, 884.2700, and 884.2720. This generic type of device may include the 

following accessories: Central monitoring system and remote repeaters, signal analysis 

and display equipment, patient and equipment support, and component parts.“ [111] 

Inga Software falls under the same category as the Inga Sensor, § 884.2740 Perinatal 

monitoring system and accessories [111].  

5.6.2 Predicate device 

The INGA system consists of three separate medical devices, which are registered for 

the US market with their own 510(k) applications and product code classifications. The 

FDA does not treat these as a single "system," but rather evaluates each component 
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as a separate medical device. For this reason, a predicate device must also be 

specified separately for each device. 

A named predicate device that is already on the market can be identified for the 

catheter, as there are FDA-approved mechanical cervical ripening catheters in the US 

that have the same intended use and the same type of operating principle. For the 

sensor and software, there may not necessarily be any directly identifiable predicate 

devices, or their identification may require a more extensive analysis of different 

product code categories. For these devices, the methodological approach to selecting 

a predicate device is emphasized, in which the following are assessed: 

 the intended use of the device 

 its functional and technological characteristics 

 corresponding FDA-approved devices in the same product code category 

 that any differences in technical solutions do not lead to new safety issues 

Therefore, the predicate device for a catheter, which can be identified concretely, will 

be presented first, followed by a description of the principles and methods for defining 

the predicate device for sensor and software components, as there is no clearly 

identifiable reference device for these. Off‑label use cannot be used as a basis for 

substantial equivalence according to 21 CFR 807.100. 

Catheter 

The predicate device for the INGA cervical ripening catheter must be identified based 

on the FDA’s 510(k) substantial equivalence criteria, which require that the device 

shares the same intended use and either the same technological characteristics or 

different characteristics that do not raise new questions of safety and effectiveness. For 

the catheter component of the INGA system, the most appropriate predicate device is 

the Cook Cervical Ripening Balloon (CCRB), a double‑balloon catheter specifically 

designed and cleared by the FDA in 2013 for mechanical cervical ripening prior to 

labour induction [143]. The Cook CCRB utilizes the same fundamental mechanism of 

action as the earlier Atad Ripening Catheter, which has been widely used in clinical 

practice and described in the literature as the reference design for double‑balloon 

ripening catheters. 

Only double‑balloon catheters, such as the Atad and Cook CCRB, are explicitly 

designed, indicated, and FDA‑cleared for cervical ripening. In contrast, the 

single‑balloon Foley catheter, although commonly used off‑label for induction, lacks an 

FDA‑cleared indication for cervical ripening and therefore cannot serve as a valid 
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predicate device in a 510(k) submission. The Foley catheter is cleared for urinary 

drainage under different product codes and regulatory classifications, and its off‑label 

use for labour induction does not establish a legally marketed predicate for cervical 

ripening indications. [144] 

While the INGA catheter differs from the Cook CCRB in that it is a single‑balloon 

design, it maintains the same intended use, mechanical cervical ripening, and applies 

similar mechanical forces to the cervix to promote dilation. Differences in balloon 

structure, size, materials, or insertion method can be addressed through bench testing, 

biocompatibility testing, and risk analysis to demonstrate that they do not introduce new 

questions regarding safety or effectiveness. Accordingly, the Cook CCRB represents 

the closest legally marketed device with (1) the same intended use and (2) sufficiently 

comparable technological characteristics to support a substantial equivalence 

argument for the catheter component of the INGA system. 

Sensor 

The sensor component of the INGA system is a separate medical device that must be 

registered as a separate product because its technical characteristics, risk 

classification, and intended use differ from both the catheter component and the 

software. The sensor's predicate device must be identified in accordance with the 

FDA's 510(k) substantial equivalence criteria, according to which the device must share 

the same intended use and similar technical characteristics or, alternatively, technical 

differences that do not raise new questions about the safety or effectiveness of the 

device. 

The purpose of the sensor is to measure uterine contractions and/or physiological 

signals related to fetal well-being, which is why the most suitable predicate device can 

be found among uterine activity monitoring or maternal-fetal monitoring devices. These 

include, for example, non-invasive contraction monitoring sensors or similar signal 

recording sensor systems that have been approved by the FDA for monitoring uterine 

contractions or real-time recording of biosignals. These devices are typically Class II 

risk devices and belong to the product code classes used in 510(k) approvals for 

electronic physiological measuring devices. 

Since the INGA sensor is based on the same principle as many existing physiological 

monitoring devices, namely the measurement of non-invasive physiological signals and 

their conversion into clinically useful information, the predicate device approach is 

justified. In practice, this means identifying a device already on the market whose 
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intended use and operating principle correspond to the characteristics of the INGA 

sensor, and which has FDA approval for physiological monitoring during childbirth. 

Software 

The INGA software is a standalone medical device, and its predicate device must be 

determined in accordance with the 510(k) requirements for software devices. The FDA 

evaluates software-based medical devices primarily based on their intended use and 

clinical functionality. The purpose of the INGA software is to receive and process 

sensor data and present clinically relevant information for monitoring childbirth. 

Therefore, the predicate device must be software that has been previously approved 

for maternal-fetal monitoring or uterine activity analysis applications. 

The most suitable predicate device candidates are FDA-approved software that 

analyses physiological signals and presents them to support clinical decision-making 

without, on its own, making diagnoses or playing a controlling role in guiding treatment. 

Such software is typically Class II devices and falls under various maternal monitoring 

software product code categories, for example. The predicate device for the INGA 

software is selected so that both the intended use and the operating logic (data-driven 

physiological monitoring support) correspond to a previously approved device. 

5.6.3 Regulatory pathway determination 

For the catheter, both the risk classification (likely Class II) and the clearly identifiable 

predicate device (Cook Cervical Ripening Balloon) guide the regulatory pathway to the 

510(k) procedure, which demonstrates substantial equivalence to the corresponding 

cervical ripening catheter technology already on the market. The 510(k) pathway for 

the catheter is therefore straightforward, provided that the technical differences 

between the devices do not raise new safety concerns. 

In the case of the sensor, the regulatory pathway is not based on a named predicate 

device, but on a physiological signal measuring device with equivalent clinical 

functionality, identified through the product code class and intended use definition. The 

sensor is also likely to be classified as Class II, in which case the primary regulatory 

pathway is 510(k). If no sufficiently similar predicate device can be found for the 

sensor, the alternative would be the De Novo procedure, but this is not expected to be 

necessary if the technology represents a conventional non-invasive uterine/maternal 

monitoring solution. 

The software component is treated by the FDA as a device whose regulatory pathway 

is determined based on its clinical function (data analysis and display), risk profile, and 
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findings from predicate devices for similar maternal monitoring software. The software 

is typically a Class II device, and its regulatory pathway is primarily 510(k). If no 

predicate device could be found for the software, the De Novo procedure could be 

considered, but this risk is mitigated by the fact that there are several FDA-approved 

software programs on the market for analysing physiological signal data during 

childbirth. 

The premarket pathway for the INGA system therefore consists of three separate 

510(k) applications, in which each component is evaluated in its own risk class and 

against its own predicate device logic. From a US regulatory perspective, this is an 

expected and standard approach when device components that work together in 

clinical use do not technically or functionally constitute a single integrated medical 

device in regulatory terms. 

5.6.4 Premarket submission requirements 

A key part of the premarket submission is a detailed description of the device, including 

its structure, material properties, operating principles, and intended use. For catheters, 

the description focuses on structural and mechanical properties; for sensors, on the 

measurement principle and electrical engineering solutions; and for software, on 

algorithms, data flows, and key functions of the software architecture. These 

descriptions form the basis for the significant equivalence assessment and document 

how the device differs from or corresponds to the predicate device. 

The testing and performance data required by the FDA is a significant part of the 

submission. The catheter application includes, among other things, biocompatibility 

tests, mechanical durability and leakage tests, and validation of the sterilization 

process. For the sensor, electrical and EMC (Electromagnetic Compatibility) testing (in 

accordance with the IEC 60601 series) and performance verification in physiological 

signal measurement are required. The software application emphasizes software 

development documentation and verification and validation testing in accordance with 

the IEC 62304 standard, as well as cybersecurity documentation, particularly with 

regard to risk management, information security architecture, and threat modelling. 

This ensures that the technical characteristics of each device meet safety and 

performance requirements.  

A risk management report must also be prepared for each device component, including 

a risk analysis in accordance with ISO 14971:2019 and measures to reduce risks. The 

risks associated with catheters are mainly mechanical and biological, while the risks 

associated with sensors are mainly electrical and related to measurement uncertainty. 
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The risks associated with software are mainly functional, logical, and related to 

cybersecurity. 

The submission documentation also includes labelling material containing IFU, 

warnings, UDI markings, and notes on the safe use of the device. The labelling of the 

catheter and sensor mainly complies with the general requirements of 21 CFR Part 

801, while the labelling of the software must also include information related to version 

management, cybersecurity, and data interpretation limitations. 

The premarket submission is further supplemented by a comparative analysis 

(substantial equivalence discussion), which shows that this difference in the predicate 

device leads to new safety issues. For the catheter, this analysis is mechanical and 

material-based in nature, while for the sensor and software it focuses on the evaluation 

of signal processing, measurement accuracy and functional limitations. 

Since the INGA system consists of three separate devices, the entire submission 

constitutes its own independent entity. The applications can utilize the same 

background documentation, such as clinical risk assessment or descriptions of the 

general context of use of the system, but the FDA always evaluates it on a device-by-

device basis. This means that the premarket submissions must be prepared in parallel 

and in a coordinated manner, but each of them must meet the FDA's requirements for 

safety and performance on its own. 

5.6.5 Required testing and performance verification 

Premarket submissions for the INGA system for the US market require comprehensive 

testing and verification documentation that demonstrates that each device meets the 

applicable safety and performance requirements. Because the FDA evaluates each 

device component as its own medical device, testing requirements are also determined 

on a device-by-device basis. Testing is a key part of the submission documentation 

and forms the basis for the substantial equivalence assessment of the device and the 

acceptability of risk management. 

Catheter 

The catheter component testing focuses on mechanical durability, biological safety and 

validation of the sterilization process. The catheter is required to undergo: 

 biocompatibility testing, including cytotoxicity, sensitization, irritation 

 mechanical tests such as tensile strength, bending and durability tests as well as 

balloon inflation, leakage and rupture testing 
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 sterilization process validation, such as residual gas measurements of ethylene 

oxide sterilization 

 packaging and shelf-life testing to ensure the integrity and sterility of the 

packaging beyond the shelf life 

 if necessary, transport stress tests to demonstrate transport durability 

The test data must verify that the structural and material engineering solutions of the 

catheter do not raise new safety issues compared to the predicate device. 

Ethylene oxide sterilization is a gaseous sterilization process that uses ethylene oxide 

to penetrate packaging materials and device surfaces at low temperatures, making it 

suitable for heat‑ and moisture‑sensitive medical devices [145].  

Sensor 

Sensor device testing focuses on electrical safety, EMC compatibility, measurement 

accuracy, and signal processing reliability. The FDA specifically expects the following: 

 Electrical safety testing according to IEC 60601-1 

 EMC testing according to IEC 60601-1-2 to ensure immunity and electromagnetic 

safety 

 Measurement accuracy and response validation, where the sensor performance 

is compared to reference measurements in a clinically relevant environment 

 Environmental testing (temperature, humidity, mechanical stress) 

 Testing of safety features, such as error and alarm mechanisms 

The risk profile of the sensor also requires test data on the management of possible 

erroneous measurements, signal interruptions, or interference conditions. 

Software  

Software component testing follows the IEC 62304 standard, which defines the 

lifecycle requirements for medical device software development and testing. In 

particular, the FDA expects: 

 Verification and validation data that demonstrates that the software meets the 

specified functional and safety requirements 

 Documentation of unit, integration, and system testing 

 Risk management and software risk traceability, including assessment of the 

impact of software defects 
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 Cybersecurity testing, including vulnerability analysis, threat modelling, and 

validation of remediation mechanisms 

 User interface and usability evaluation, especially in situations where the 

information presented by the software impacts clinical practice 

FDA also expects the software to have documented version control, software 

configuration traceability, and methods for making secure updates throughout the 

device lifecycle. 

Testing and performance requirements form a key part of the INGA premarket 

documentation. Each device component is evaluated against its own technical and risk-

based requirements, and the test data, together with risk management reports, must 

demonstrate that the devices meet FDA safety and performance criteria before market 

entry. Since the devices are registered separately, the test packages are prepared in 

parallel, but each forms an independent submission package in support of the 

corresponding 510(k) application. 

5.6.6 Labelling requirements  

US medical device labelling is primarily based on 21 CFR Part 801, which aims to 

ensure that device users have sufficient and accurate information to use the device 

safely and effectively. Since the components of the INGA system are registered as 

separate devices, their labelling materials are also submitted to the FDA in their own 

510(k) applications. Catheter labelling emphasizes the safety of an invasive and 

disposable device, sensor labelling emphasizes the limitations and safety features of 

an electronic measuring device, and software labelling emphasizes data security, 

version control, and transparency of clinical limitations. 

Catheter 

Catheter labelling requirements include all essential labelling for sterile, single-use, and 

invasive devices. The FDA requires, among other things: 

 sterile labelling, sterilization method (e.g., ethylene oxide sterilization), and 

indication of single use 

 UDI labelling on the packaging 

 balloon inflation volume, permissible inflation limits, and warnings about 

overinflation 

 warnings and contraindications, such as the risk of cervical perforation and 

situations in which the catheter should not be used 
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 storage and handling instructions, including temperature and packaging 

requirements 

 IFU, which describes the device’s intended use, insertion method, function, and 

removal 

A catheter is a physical device for the user and is in contact with the patient, so clarity 

and consistency of labelling are particularly important. 

Sensor  

The labelling requirements for sensors are somewhat more extensive because the 

device includes electronics, data transmission, and electrical features. The FDA 

requires, among other things: 

 Electrical safety warnings (e.g., EMC guidelines, safe use of cables) 

 EMC compatibility markings if the sensor has special limitations or safety 

requirements 

 UDI marking 

 IFU and warnings about situations where the signal may be distorted or missing 

 Instructions for cleaning, disinfection, and maintenance 

If necessary, information on the biocompatibility of patient contact materials 

Sensor labelling is important to ensure clarity of user guidance in situations where 

signal quality affects clinical decisions. 

Software 

Software labelling differs from physical devices and specifically includes: 

 intended use and clinical role of the software (data analysis, visualization, not 

standalone diagnostics) 

 version information, exact software version number and revision control 

 cybersecurity information, including security features, operating environment 

requirements and potential network connectivity risks 

 instructions for data interpretation and clinical limitations (“The software output 

shall not be used as the sole basis for clinical decision making”) 

 Software UDI compliant with UDI requirements, which can be delivered in 

electronic format 
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 instructions for managing updates and version changes 

In software labelling, the FDA places particular emphasis on the user’s understanding 

of the software’s operational limitations, safety and correct interpretation of data. 

5.7 Post-market activities in the US 

Once the INGA system catheter, sensor and software have been approved for the US 

market through their respective 510(k) procedures, all three devices will enter the 

FDA’s PMS. The goal of the post-market phase is to ensure that the devices perform 

as expected in real-world environments and that potential safety or performance issues 

are identified early. The FDA requires manufacturers to actively monitor, document, 

and report on the device throughout its life cycle. In the case of the INGA system, each 

device component has its own responsibilities that must be addressed as separate 

entities, even though the devices are used together in a clinical setting. 

For the catheter, PMS focuses on mechanical and biological risks, such as balloon 

rupture, overstretching, leakage, or patient tissue reactions. For the sensor, monitoring 

of measurement accuracy and signal reliability, as well as ensuring electrical safety 

and EMC compatibility during use, is key. The post-market phase of the software 

includes both functional error monitoring and ongoing cybersecurity assessment, 

including vulnerability identification and patch management. All three devices are 

therefore subject to continuous and documented monitoring, where complaints, 

customer feedback, clinical observations and potential incidents are analysed and, if 

necessary, addressed through CAPA processes. 

All device manufacturers must maintain systematic post-marketing documentation, 

including complaint handling processes, trend analyses, risk updates, and decisions on 

whether certain findings require corrective action. If any of the device components of 

the INGA system raise safety concerns, the FDA may require further investigation, field 

studies, or corrective action, and in serious cases, the manufacturer must implement 

corrections and removals. PMS is thus an essential part of the device lifecycle and 

ensures that the INGA system components continue to meet requirements even after 

approval when used in a real clinical setting. 

5.7.1 Postmarket surveillance 

Each device component of the INGA system is subject to the FDA’s PMS system, 

which applies to Class II devices under 21 CFR Part 822. Since the catheter, sensor, 

and software operate together in a clinical setting but are separate devices for 
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regulatory purposes, the PMS requirements are also separate. A separate postmarket 

surveillance plan is prepared for each device component, which defines data collection 

methods, metrics to be analysed, trend analysis, risk reassessment, and the process 

by which PMS findings lead to corrective actions, if necessary. 

For the catheter, the PMS focuses on mechanical and biological risk factors, such as 

balloon rupture, leakage, and rare tissue damage. The sensor PMS emphasizes 

continuous monitoring of measurement accuracy, signal quality, and electrical 

immunity. The software PMS includes monitoring of functional failure situations, user 

interface problems, and especially calculation or data presentation errors. A 

documented PMS plan should be in place for each device, including data sources (e.g., 

complaints, customer feedback, field reports), methods for trend analysis, and criteria 

for updating risk analyses. 

5.7.2 Cybersecurity postmarket management 

For sensors and software, one of the most important post-market requirements is the 

FDA’s Postmarket Management of Cybersecurity in Medical Devices guideline. Both 

sensor devices and clinical data processing software must be designed, tested and 

maintained to be protected against software attacks, unauthorized changes, disruptions 

and misuse. In the post-market phase, the manufacturer must maintain continuous 

cybersecurity monitoring, identify new vulnerabilities, assess their criticality and, if 

necessary, release software or hardware updates. [146] 

For the INGA sensor, cybersecurity is particularly related to the integrity of data 

transmission and measurement signals. For software, the key is the lifecycle 

management of information security: threat modelling, vulnerability assessment, 

validation of updates and their controlled deployment. The FDA requires that the 

manufacturer has both post-market cybersecurity processes and documented 

response policies for situations where a deterioration in network security could affect 

patient safety. These requirements do not directly apply to a catheter, as it is a non-

electrical, passive device. 

5.7.3 Medical device reporting 

The post-market phase also includes the obligation to report all serious device-related 

events to the FDA in accordance with 21 CFR Part 803 [76]. Medical Device Reporting 

covers three types of reportable events: 

 Death, a device is suspected of causing the death of a patient 
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 Serious injury, a device is suspected of causing serious harm 

 Device malfunction, a device malfunction that could cause serious harm if 

repeated 

In the INGA system, medical device reporting is device specific. 

 Catheter: for example, balloon rupture, leakage, difficulty in removal, or tissue 

damage. 

 Sensor: a critical error in the measurement signal, electrical failure, or device 

failure that could lead to an incorrect clinical assessment. 

 Software: a crash, incorrect data presentation, or calculation error that could 

affect a treatment decision. 

The manufacturer must collect and analyse all events, assess their significance from a 

risk management perspective, and submit them to the FDA within a specified time 

frame. Medical device reporting is a key part of device lifecycle monitoring and 

complements the PMS process. 

5.7.4 Correction and removal 

If any component of the INGA system causes safety concerns or recurring problems in 

the post-market phase, the manufacturer is required to implement corrective and 

removal actions in accordance with 21 CFR Part 806 [78]. Corrections and removals 

may include device upgrades, repairs, changes to the IFU, warning letters, or, as 

appropriate, the removal of the device from service or the market. 

In the case of a catheter, corrective actions may relate to, for example, a quality issue 

in a production batch or mechanical failure events. Actions required in the sensor and 

software may relate to electrical or functional errors, software errors, or cybersecurity 

vulnerabilities. The manufacturer must document the actions, assess their scope, and 

notify the FDA if the actions are significant and related to ensuring patient safety. 
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6. DISCUSSION 

6.1 Overall interpretation and key findings 

The results of this work show that the progress of the INGA system towards the main 

access is a parallel regulatory process both in the EU and globally for the catheter, 

sensor and software of separate medical competence. Each device progresses with its 

own risk category, its own characteristics, documentation and its own standards, 

although it does not form a single clinical entity in practice. This is one of the most 

important observations, as this resource affects the amount of work and the schedules 

in the future commercialization phase.  

The results also highlight the central role of clinical investigation, especially for the 

catheter, where clinical evidence is needed to demonstrate correctness. 

Correspondingly, the development and interfaces of the sensor and software directly 

affect their future regulatory path and whether they can be identified as predicate 

devices worldwide.  

6.2 Progress of the Inga project and the practical significance 
of the work 

This work brings together the EU and the US regulatory requirements for the INGA 

system, the structure of the technical documentation, the applicable standards, the 

device-specific classification and the requirements for clinical investigation. The work 

creates a framework for the project that can be used directly as a guideline for further 

development. 

Key practical contributions of the work are: 

 Separation and concretization of the EU and the US regulatory paths 

 Opening the predicate device logic for three devices 

 Mapping testing and validation requirements 

 Identifying the structure of the conformity assessment 

 Clarifying the role of clinical investigation 

 Understanding the overall requirements for risk management, quality 

management and documentation 
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These findings are not general observations about regulation but are directly related to 

what the INGA system needs in its next development stages. 

6.3 Key actions that the INGA project needs next 

Based on the work, the project will need at least the following: 

 final intended use definition for all three devices 

 specification of the technical interfaces and architecture of the devices 

 confirmation of predicate device choices for the sensor and software 

 preparation of the FDA Q-Submission discussion 

 selection of notified body for the EU assessment 

 finalization of the catheter CIP and Fimea application 

 initial PMS and PMCF plans 

 in-depth risk management (ISO 14971:2019, IoT/IT risks, cybersecurity) 

 software verification and validation design according to IEC 62304 and sensor 

IEC 60601 series 

 implementation of documentation processes according to ISO 

13485:2016/QMSR 

These activities form a path that allows the project to progress from the research phase 

towards conformity assessment and later commercialization. 

6.4 Changing and uncertain factors 

It is important to note that the regulatory assessment, classification, and path to market 

for the Inga system are based on the current stage of development of the project 

(spring 2026). The device development is still in an early stage, and many of the final 

solutions, technical features, clinical procedures, software functionality, and sensor 

technology are still subject to change. These changes may affect: 

 risk classifications 

 predicate device selections 

 required testing requirements 

 regulatory pathway strategy (510(k) vs. De Novo) 
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 differentiation of device-specific obligations 

In addition, the regulatory context is constantly changing: the US FDA and the EU are 

updating guidance and standards that may affect the final compliance assessment. 

6.5 Recent changes to the regulation systems 

As noted, during the master's thesis, the US transitioned from the QSR to the new 

QMSR requirement at the beginning of 2026, emphasizing that medical device 

manufacturers must remain vigilant regarding regulations, guidelines, and legislative 

changes. In addition, during 2024, Fimea began publishing operator information 

reported to the CERE register, which marked a change from the previous practice, 

where such information was not available.  

At the end of 2025, the European Commission proposed a revision of the MDR and 

IVDR regulations to streamline a system that has increased patient safety but at the 

same time slowed down the market entry of devices and increased the administrative 

burden. The aim is to build a clearer and more risk-based regulatory framework, in 

which the requirements for low-risk products are reduced, assessment processes are 

digitized, and the capacity of notified bodies is strengthened. The revision is seen as an 

important step towards a system that maintains a high level of safety while supporting 

innovation and strengthening the EU's competitiveness. [147,148], [149] 

These changes clearly indicate that the regulatory environment is alive and well, and 

therefore the INGA project should review its regulatory strategy regularly. 
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7. CONCLUSION 

The aim of this thesis was to define the regulatory pathway for the medical devices 

developed in the Inga project and to identify the key requirements that must be fulfilled 

before market entry in both the EU and the US. The work examined the classification, 

technical documentation, clinical evidence, quality management, and pre- and 

post-market obligations relevant to the catheter, sensor, and software that together 

form the Inga system. These results provide a structured and practical foundation for 

the project’s future regulatory decision-making. 

The analysis shows that the development of a medical device from an idea to a 

marketable product is a long and resource-intensive process. Early identification of 

regulatory requirements, definition of intended use, and correct device classification are 

critical milestones that influence every subsequent step of the development pathway. 

For the Inga system, the work clarifies that each component, the catheter, the sensor 

and the software, constitutes its own medical device with its own regulatory pathway, 

technical documentation, quality management requirements, and post-market 

obligations. This distinction is essential for planning the next stages of development. 

The thesis also demonstrates that successful device development requires 

multidisciplinary collaboration. Technical design, clinical expertise, usability 

engineering, cybersecurity, risk management, and regulatory compliance must all be 

aligned. Understanding the certification processes and regulatory expectations of 

different markets is vital, particularly because requirements such as the EU MDR and 

the FDA’s 510(k) pathway have a profound effect on development timelines, 

documentation needs and overall project resourcing. 

For the Inga project, the most important practical outcomes of this thesis are the 

identification of applicable standards, the proposed regulatory pathways for all three 

devices, the preliminary analysis of predicate devices in the US, and the mapping of 

required verification, validation, and clinical evidence. Together, these provide a 

roadmap for how the project can progress from a university-based research initiative 

toward a future commercial product. 

As the project is still in an early development phase, some of the conclusions 

presented in this thesis may evolve as the design is refined, clinical data become 

available and regulatory guidance changes. Therefore, the results should be revisited 

regularly as the project advances toward commercialization. 
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Overall, this thesis highlights the multifaceted nature of medical device development 

and emphasizes how rigorous preparation, early regulatory planning, and continuous 

compliance contribute to a safer, more efficient and more predictable pathway from 

concept to market. 
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APPENDIX A: CLASSIFICATION OF INGA 
SYSTEM ACCORDING TO MDR  

    

Rule Subjects Catheter Sensor 
 
Software 

Resulting 
Class 

1 Non-invasive devices N/A N/A N/A   

2 Non-invasive devices N/A N/A N/A   

3 Non-invasive devices N/A N/A N/A   

4 Non-invasive devices N/A N/A N/A   

5 Not surgically invasive devices YES N/A N/A IIa 

6 
Surgically invasive, transient 
use 

N/A N/A 
N/A 

  

7 
Surgically invasive, short-term 
use 

N/A N/A 
N/A 

  
8 
 

Surgically invasive long-term 
use, Implantable  

N/A N/A 
N/A 

  

9 Active devices N/A N/A N/A   

10 Active devices N/A YES N/A IIa 

11 Active devices N/A N/A YES IIa 

12 Active devices N/A N/A N/A   

13 Active devices N/A N/A N/A   

14 Special rules N/A N/A N/A   

15 Special rules N/A N/A N/A   

16 Special rules N/A N/A N/A   

17 Special rules N/A N/A N/A   

18 Special rules N/A N/A N/A   

19 Special rules N/A N/A N/A   

20 Special rules N/A N/A N/A   

21 Special rules N/A N/A N/A   

22 Special rules N/A N/A N/A   
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APPENDIX B: STANDARDS APPLICABLE TO 
INGA INDUCTION CATHETER (EU PERSPECTIVE, 
NON-EXHAUSTIVE) 

This list includes harmonized and non-harmonized standards. 
 
Quality management system 
EN ISO 13485:2016 Medical devices — Quality management systems — Requirements for 
regulatory purposes 
 
Risk management 
EN ISO 14971:2019 Medical devices — Application of risk management to medical devices 
Information to be supplied by the manufacturer 
ISO 20417:2021 Medical devices — Information to be supplied by the manufacturer 
EN ISO 15223-1:2021 Medical devices - Symbols to be used with information to be supplied by 
the manufacturer - Part 1: General requirements 
 
Usability 
IEC 62366-1:2015 Medical devices — Part 1: Application of usability engineering to medical 
devices 
 
Catheter verification 
ISO 20696:2018 Sterile urethral catheters for single use 
ISO 11070:2014 Sterile single-use intravascular introducers, dilators and guidewires 
ISO 80369-1:2025 Small-bore connectors for liquids and gases in healthcare applications — Part 
1: General requirements 
ISO 10555-1:2023 Intravascular Catheters 
ISO 10555-4:2023: Part 4: Balloon dilatation catheters 
ASTM F623 Standard Performance Specification for Foley Catheters 
ASTM D6499 Standard Test Method for Immunological Measurement of Antigenic Protein in 
Hevea Natural Rubber (HNR) and its Products 
ASTM F2081-06 Standard Guide for Characterization and Presentation of the Dimensional 
Attributes of Vascular Stents 
 
Biological evaluation 
ISO 10993-1:2018 Biological evaluation of medical devices - Part 1: Evaluation and testing within 
a risk management  
EN ISO 10993-4:2017 Biological evaluation of medical devices - Part 4: Selection of tests for 
interactions with blood 
ISO 10993-5:2009 Biological evaluation of medical devices - Part 5: Tests for in vitro cytotoxicity 
ISO 10993-7:2008 Biological evaluation of medical devices - Part 7: Ethylene oxide sterilization 
residuals 
EN ISO 10993-10:2023 Biological evaluation of medical devices - Part 10: Tests for skin 
sensitization 
ISO 10993-11:2017 Biological evaluation of medical devices - Part 11: Tests for systemic toxicity 
EN ISO 10993-17:2023 Biological evaluation of medical devices - Part 17: Toxicological risk 
assessment of medical device constituents 
EN ISO 10993-18:2020 Biological evaluation of medical devices - Part 18: Chemical 
characterization of medical device materials within a risk management process 
EN ISO 10993-23:2021 Biological evaluation of medical devices - Part 23: Tests for irritation 
 
Sterilization 
EN ISO 11737-1:2018 Sterilization of health care products - Microbiological methods - Part 1: 
Determination of a population of microorganisms on products 
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EN ISO 11737-2:2020 Sterilization of health care products - Microbiological methods - Part 2: 
Tests of sterility performed in the definition, validation and maintenance of a sterilization process 
EN 556-1:2024 Sterilization of medical devices. Requirements for medical devices to be 
designated "STERILE". Part 1: Requirements for terminally sterilized medical devices 
EN 556-2:2024 Sterilization of medical devices. Requirements for medical devices to be 
designated ‘’STERILE”. Part 2: Requirements for aseptically processed medical devices 
EN ISO 11137-1:2015 Sterilization of health care products — Radiation Part 1: Requirements for 
development, validation and routine control of a sterilization process for medical devices 
EN ISO 11135:2014 Sterilization of health-care products — Ethylene oxide — Requirements for 
the development, validation and routine control of a sterilization process for medical devices 
Packaging, storage and transport incl. shelf-life 
EN ISO 11607-1:2020 Packaging for terminally sterilized medical devices - Part 1: Requirements 
for materials, sterile barrier systems and packaging systems 
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APPENDIX C: STANDARDS APPLICABLE TO 
INGA SENSOR (EU PERSPECTIVE, NON-
EXHAUSTIVE) 

This list includes harmonized and non-harmonized standards. 
 
Quality management system 
EN ISO 13485:2016 Medical devices — Quality management systems — Requirements for 
regulatory purposes 
 
Risk management 
EN ISO 14971:2019 Medical devices — Application of risk management to medical devices 
IEC 80001-1:2021 Application of risk management for IT-networks incorporating medical devices 
— Part 1: Safety, effectiveness and security in the implementation and use of connected medical 
devices or connected health software Information to be supplied by the manufacturer 
ISO 20417:2021 Medical devices — Information to be supplied by the manufacturer 
EN ISO 15223-1:2021 Medical devices - Symbols to be used with information to be supplied by 
the manufacturer - Part 1: General requirements 
 
Usability 
IEC 62366-1:2015 Medical devices — Part 1: Application of usability engineering to medical 
devices 
 
Sensor verification 
ISO 80369-1:2025 Small-bore connectors for liquids and gases in healthcare applications — Part 
1: General requirements 
IEC 60529:1989+AMD1:1999+AMD2:2013 CSV Degrees of protection provided by enclosures 
(IP Code) 
 
Electronic programmable systems 
IEC 60601-1:2015 + AMD1:2012 + AMD2:2020 Medical electrical equipment — Part 1: General 
requirements for basic safety and essential performance 
IEC 60601-1-2:2014 Medical electrical equipment — Part 1-2: General requirements for basic 
safety and essential performance – Collateral Standard: Electromagnetic disturbances - 
Requirements and tests 
IEC 60601-1-8:2006+A2:2020 Medical electrical equipment — Part 1-8: General requirements for 
basic safety and essential performance — Collateral standard: General requirements, tests and 
guidance for alarm systems in medical electrical equipment and medical electrical systems 
IEC 60601-1-11:2015+A1:2020 Medical electrical equipment — Part 1-11: General requirements 
for basic safety and essential performance — Collateral standard: Requirements for medical 
electrical equipment and medical electrical systems used in the home healthcare environment 
 
Biological evaluation 
ISO 10993-1:2018 Biological evaluation of medical devices - Part 1: Evaluation and testing within 
a risk management (New version under development) 
EN ISO 10993-23:2021 Biological evaluation of medical devices - Part 23: Tests for irritation 
 
Clinical investigation 
ISO 14155:2026 Clinical investigation of medical devices for human subjects — Good clinical 
practice  
EN ISO 14155:202 Clinical investigation of medical devices for human subjects — Good clinical 
practice (harmonized) 
 
Software Development and Management/Software and IT Systems 
IEC 62304:2006 Medical device software — Software life cycle processes 
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IEC 82304-1:2016 Health software — Part 1: General requirements for product safety 
Information  
 
 
 
Security and Data Protection/Cybersecurity and Data Protection 
ISO/IEC 27001:2022 Information security, cybersecurity and privacy protection — Information 
security management systems — Requirements 
ISO/IEC 27701:2019 Security techniques — Extension to ISO/IEC 27001 and ISO/IEC 27002 for 
privacy information management — Requirements and guidelines 
ISO 81001-1:2021 Health software and health IT systems safety, effectiveness and security — 
Part 1: Principles and concepts 
IEC 81001-5-1:2021 Health software and health IT systems safety, effectiveness and security — 
Part 5-1: Security — Activities in the product life cycle 
 
Sterilization 
EN ISO 11135:2014 Sterilization of health-care products — Ethylene oxide — Requirements for 
the development, validation and routine control of a sterilization process for medical devices 
EN ISO 11137-1:2015 Sterilization of health care products — Radiation Part 1: Requirements for 
development, validation and routine control of a sterilization process for medical devices 
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APPENDIX D: STANDARDS APPLICABLE TO 
INGA SOFTWARE (EU PERSPECTIVE, NON-
EXHAUSTIVE) 

This list includes harmonized and non-harmonized standards. 
 
Quality management system 
EN ISO 13485:2016 Medical devices — Quality management systems — Requirements for 
regulatory purposes 
 
Risk management 
EN ISO 14971:2019 Medical devices — Application of risk management to medical devices 
IEC 80001-1:2021 Application of risk management for IT-networks incorporating medical devices 
— Part 1: Safety, effectiveness and security in the implementation and use of connected medical 
devices or connected health software 
 
Information to be supplied by the manufacturer 
ISO 20417:2021 Medical devices — Information to be supplied by the manufacturer 
EN ISO 15223-1:2021 Medical devices - Symbols to be used with information to be supplied by 
the manufacturer - Part 1: General requirements 
 
Usability 
IEC 62366-1:2015 Medical devices — Part 1: Application of usability engineering to medical 
devices 
 
Clinical investigation 
ISO 14155:2026 Clinical investigation of medical devices for human subjects — Good clinical 
practice  
EN ISO 14155:202 Clinical investigation of medical devices for human subjects — Good clinical 
practice (harmonized) 
 
Software Development and Management/Software and IT Systems 
IEC 62304:2006+A1:2015 Medical device software — Software life cycle processes 
IEC 82304-1:2016 Health software — Part 1: General requirements for product safety 
IEC 60601-1:2005 Medical electrical equipment – Part 1: General requirements for basic safety 
and essential performance 
IEC 60601-1-8+A2:2021 Medical electrical equipment – Part 1-8: General requirements for basic 
safety and essential performance — Collateral standard: General requirements, tests and 
guidance for alarm systems in medical electrical equipment and medical electrical systems 
 
Information Security and Data Protection/Cybersecurity and Data Protection 
ISO/IEC 27001:2022 Information security, cybersecurity and privacy protection — Information 
security management systems — Requirements 
ISO/IEC 27701:2019 Security techniques — Extension to ISO/IEC 27001 and ISO/IEC 27002 for 
privacy information management — Requirements and guidelines 
ISO 81001-1:2021 Health software and health IT systems safety, effectiveness and security — 
Part 1: Principles and concepts 
IEC 81001-5-1:2021 Health software and health IT systems safety, effectiveness and security — 
Part 5-1: Security — Activities in the product life cycle 
 
Guidance documents 
IEC/TR 80002-1:2009 – Medical device software – Part 1: Guidance on the application of ISO 
14971 to medical device software  
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APPENDIX E: TECHNICAL DOCUMENTATION 
EXAMPLE  
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