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Executive Summary
The rapid integration of artificial intelligence (AI) into healthcare has created a class of novel medical devices – AI-

powered medical devices – which pose unique regulatory challenges. In the European Union, such devices remain

subject to the existing Medical Device Regulation (MDR, EU 2017/745), which was adopted in 2017 and fully applied in

2021, as well as emerging AI-specific legislation such as the EU AI Act (EU 2024/1689). MDR itself makes no special

mention of AI or machine learning (ML); AI-enabled medical devices must comply with the same requirements as

traditional devices, including General Safety and Performance Requirements (GSPRs), classification, and conformity

assessment. However, the technical characteristics of AI – non-deterministic outputs, continuous learning, and data

dependence – create compliance complexities not fully anticipated by MDR.

Recent guidance and analysis clarify how manufacturers can achieve EU MDR compliance for AI-driven devices. The

Medical Device Coordination Group (MDCG) and related bodies have issued updated guidelines to address software and

AI (e.g. MDCG 2019-11 rev.1 on software classification, MDCG 2025-6/AIB 2025-1 FAQs on MDR–AI Act interplay ([1]

mdi-europa.com) ([2] mdrregulator.com)). Experts emphasize that AI-based devices must still meet all MDR requirements –

e.g. risk management (ISO 14971), quality management (ISO 13485/IEC 62304), clinical evaluation, and post-market

surveillance – but also require additional focus on data quality, algorithmic robustness, transparency (explainability),

and cybersecurity ([3] quickbirdmedical.com) ([4] www.emergobyul.com). In practice, this means manufacturers should

validate AI models on representative clinical datasets, use techniques for explainability, monitor model performance and

bias in use, and document both software design and data lineage meticulously ([5] quickbirdmedical.com) ([6]

www.dqsglobal.com).

Key regulatory takeaways include:

Classification and Conformity: Under the MDR, most stand-alone AI software falls into Class IIa or higher

(triggering Notified Body (NB) involvement) because Rule 11 often elevates software to higher risk if it influences

diagnosis or therapy. Under the new AI Act, any medical device requiring an NB under MDR will be deemed “high-

risk” AI, imposing further obligations (e.g. rigorous risk management, quality system enhancements) ([7]

quickbirdmedical.com) ([4] www.emergobyul.com). Class I AI devices (no NB) may avoid AI Act obligations except for

minimal transparency duties (per Annex III of the AI Act) ([7] quickbirdmedical.com) ([8] www.pharmalex.com).

Combined Documentation: MDCG and EU AIB guidance now stress a single technical file integrating both MDR

and AI Act requirements (www.eumediq.eu) ([9] mdi-europa.com). Manufacturers should document how their AI model

meets MDR’s GSPRs (safety/effectiveness) and the AI Act’s demands (e.g. explainability, human oversight, data

governance). In practice, this often requires adding sections on algorithm performance, data bias analysis,

training/validation datasets, and change control plans to the usual MDR technical documentation (www.eumediq.eu)

([4] www.emergobyul.com).

Standards and Best Practices: While no dedicated harmonized standard for medical AI yet exists, companies are

advised to follow relevant norms (ISO 13485, IEC 62304 for QMS and software lifecycle; ISO 14971 for risk

management) and emerging AI-specific guides (FDA’s Good Machine Learning Practices, ISO/IEC TR 24028 etc).

Notably, new standards like BS/AAMI 34971:2023 (applying ISO 14971 to AI) and ISO/IEC 5339 on AI lifecycle are in

development. Using such frameworks helps ensure robustness and demonstrates diligence to auditors ([10]

quickbirdmedical.com) ([11] quickbirdmedical.com).

Post-Market and Change Management: MDR requires continual monitoring of safety and performance, which for

AI means active “monitoring for unintended behaviors or bias” in-field (www.eumediq.eu). Substantial updates to an

AI model (e.g. retraining on new data) will usually trigger re-assessment under MDR and AI Act, unless covered by

an approved “predetermined change control plan” agreed with the NB (www.eumediq.eu) ([12] mdi-europa.com).

Companies should define in advance what model updates are allowed post-market and how risk control measures
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will mitigate any drift (e.g. limiting dosages in an AI-driven insulin pump as a safety bound) ([13] quickbirdmedical.com)

([12] mdi-europa.com).

In summary, while EU MDR compliance for AI-powered devices relies on the established MD regulatory framework,

manufacturers must supplement traditional processes with AI-specific considerations. This includes careful data

management, demonstrating algorithm validity, and aligning with new AI governance rules. The harmonized approach of

converging MDR and AI Act obligations means the regulatory burden is rising, but guidance is emerging to help

manufacturers prepare. Recent case examples show that a broad range of AI-in-health solutions – from image analysis to

assistive devices – can indeed achieve CE marking under MDR when these principles are addressed

(www.medtechlead.eu) ([14] pmc.ncbi.nlm.nih.gov).

Introduction and Background

The Evolution of EU Medical Device Regulation

The European medical device regulatory framework has undergone a fundamental transformation since the 1970s,

shifting from Poisson’s directives to a stringent, harmonized regulations regime emphasizing patient safety. Early

directives (e.g. Active Implantable MD 90/385/EEC; MDR 93/42/EEC for MD; IVDD 98/79/EC for IVDs) progressively

centralized device oversight ([15] link.springer.com). Notably, a 2007 amendment (Directive 2007/47/EC) formally equated

“medical software” with medical devices and introduced software validation requirements ([16] link.springer.com). This

paved the way for the transition to Regulation (EU) 2017/745 (MDR), which came into full effect in May 2021, replacing

the MD and IVD directives entirely. Under the “New Approach” philosophy, the MDR places primary responsibility on

manufacturers to ensure safety and performance, backed by independently assessed conformity (e.g. through Notified

Bodies), while enabling free EU market circulation ([17] link.springer.com) ([18] link.springer.com).

The MDR explicitly defines a medical device to include software intended for medical purposes (Article 2). Thus any

software performing diagnosis, treatment, monitoring or prevention of disease qualifies as a device if it meets the

intended use definition ([18] link.springer.com). The regulation’s General Safety and Performance Requirements (Annex I)

mandate that any device – hardware or software – must achieve its intended purpose safely and effectively. For software,

compliance typically means adhering to standards like ISO 13485 (QMS), IEC 62304 (software life-cycle), IEC 62366-1

(usability), and ISO 14971 (risk management) ([19] quickbirdmedical.com). The classification rules (Annex VIII, notably

Rule 11 for software) often classify software based on its role in healthcare decisions, frequently implicating higher risk

classes for decision-support algorithms, which in turn trigger rigorous conformity procedures.

Definition and Scope of AI-Powered Medical Devices
“AI-powered medical devices” or AI-based medical devices are generally understood as medical devices that

incorporate AI or machine learning elements as part of their functionality. This can range from algorithms that analyze

medical images (e.g. detecting tumors in radiographs) to predictive analytics (e.g. forecasting patient vital signs) to

adaptive therapy recommendation systems. The MDR does not distinguish AI devices from other software, but in practice

AI introduces notable differences: unlike fixed rule-based software, AI (especially ML-based) derives patterns from data,

may adapt over time, and often operates as a “black box” where the precise decision process is opaque even to

developers ([5] quickbirdmedical.com). Key characteristics of AI devices include:

Interpretability and Explainability: AI models (especially deep learning) typically do not provide human-readable

logic. An AI system’s decision path is not pre-specified by programmers but learned, making validation and error

prediction challenging ([20] quickbirdmedical.com). This “black box” nature means regulators and Notified Bodies will
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seek additional evidence (e.g. explainability methods) to be convinced of an AI model’s safety ([21]

quickbirdmedical.com).

Continuous Learning: Some AI/ML models may be designed to update themselves with new data even post-

market. An AI system that “learns” in-service can change its behavior over time, complicating the static nature of

traditional device certification ([22] quickbirdmedical.com). For example, Microsoft’s Twitter bot experiment (Tay)

infamously learned undesirable content through user interaction ([23] quickbirdmedical.com). MDR conformity relies on

a fixed, assessable version of a device; truly adaptive AI challenges this by evolving outside the developer’s direct

control.

Data Dependence and Bias: AI requires extensive training data. The quality, representativeness and labelling of

training data critically determine AI performance ([24] quickbirdmedical.com). Poorly sourced or unbalanced datasets

can embed biases (e.g. underrepresenting minority populations), leading to systematic errors in some patient

groups. Regulators thus scrutinize data collection processes for AI devices, as validated data is needed to

demonstrate safety and performance.

Cybersecurity Risks: AI components introduce new attack surfaces. For instance, an adversarial input might cause

an AI diagnostic algorithm to output wrong results, or data poisoning could degrade model accuracy. MDR requires

devices to be designed to reduce risk, which now explicitly includes protection against data breaches and malicious

interference. Manufacturers must thus consider AI-specific security measures as part of compliance (aligning with

MDR/GDPR requirements).

In short, an AI-enabled medical device in the EU must, by legal definition, meet all MDR requirements applicable to

software devices – including rigorous clinical performance and risk demonstration – while additionally addressing these

AI-unique facets. Though the MDR text itself doesn’t single out “AI”, the practice of assessing an AI device will reflect the

challenges listed above ([3] quickbirdmedical.com) ([25] academic.oup.com).

Regulatory Landscape and Intersecting Frameworks

Beyond the MDR, AI-powered devices interface with other regulations and initiatives. Two prominent examples are:

GDPR (EU 2016/679): AI applications often process personal health data. The GDPR imposes strict data

privacy/social rights obligations, requiring technical and organizational measures (TOMs). AI developers must

anonymize/pseudonymize data when possible, ensure lawful consent for patient data use, and implement data

security per Article 32 GDPR. While GDPR is not AI-specific, it significantly constrains how medical data may be

collected, used for training, or shared.

EU AI Act (EU 2024/1689): Since August 2024 this new horizontal regulation creates a risk-based compliance

regime for AI systems. It categorizes “high-risk” AI applications (NLP, diagnostics, finance, etc.) requiring conformity

assessment. Notably, AI systems used as medical devices (or safety components thereof) will automatically be

considered high-risk. MDCG guidance confirms that any MDR-regulated AI device needing NB review falls into the

high-risk AI category ([7] quickbirdmedical.com) ([26] www.pharmalex.com). Thus a medical AI device must comply with

MDR and AI Act experts. Key collected obligations include: robust dataset governance, algorithmic transparency &

explanation, human oversight mechanisms, cybersecurity, and registration in the future EU AI database

(www.eumediq.eu) ([4] www.emergobyul.com).

In effect, from 2026 onward manufacturers of AI-MDR devices face dual compliance: they must demonstrate conformity

under MDR and align with AI Act rules. Guidance (MDCG 2025-6/AIB 2025-1) was published in mid-2025 to clarify how to

reconcile these; developers should prepare unified documentation covering both frameworks (www.eumediq.eu) ([27]

www.pharmalex.com). For example, clinical evidence for performance must satisfy both the MDR’s clinical evaluation and

the AI Act’s evidence of fairness and generalizability. The industry now recognizes that EU regulatory expectations for AI-

based medical devices are rising: transparency around model limitations, bias monitoring, and user training become as

critical as traditional safety and effectiveness claims (www.eumediq.eu) ([26] www.pharmalex.com).
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EU MDR Requirements for AI-Enabled Medical
Devices

Qualification and Classification of Software with AI
Qualification: The first step is to confirm that the AI software indeed falls under MDR and is a medical device (rather

than an ancillary or lifestyle app). Under MDR Article 2, software that performs a medical purpose (diagnosis, treatment,

monitoring) is a medical device. There are no exemptions or carve-outs for AI – indeed MDCG 2025-6 introduces the

term “Medical Device AI (MDAI)” simply to denote any AI system covered by MDR ([9] mdi-europa.com). Thus any AI-based

algorithm used to meet a medical purpose will be governed by the MDR (and if high-risk, also by the AI Act).

Classification: MDR Annex VIII provides rules for device classification. Software has its own rule (Rule 11), which

effectively means:

Class I (no NB) if software is only for storage, archival, communication or simple health info with minimal risk.

Class IIa or higher if it influences diagnosis or therapy without human oversight, OR if patient safety/morbidity could

be impacted by errors in software output.

Class III for software that drives devices or diagnosi*s critical life support functions.

In practice, AI often carries a medical decision role, so many AI apps are Class IIa, IIb or III. For example, an AI tool

giving treatment suggestions or cancer screening would not remain Class I. Indeed, classification is heavily scrutinized:

unclear or overly broad intended purpose statements can lead to higher risk class. Recent guidance explicitly encourages

manufacturers to define precise, testable, narrower intended purposes for diagnostic/predictive software to avoid

misclassification or excessive NB scrutiny ([28] mdrregulator.com). Misclassification risks costly delays.

The 2025 revision of MDCG 2019-11 (software classification guidance) broadens the interpretation of Rule 11, urging

consideration of software autonomy, severity of possible errors, and role in primary vs supportive diagnostics ([28]

mdrregulator.com). This “risk-scaling” approach can up-classify some AI modules that previously might have been

considered supportive. Companies must reassess existing devices’ classifications under these new interpretations. For

notified bodies (NBs), this yields more consistent assessments across the EU ([29] mdrregulator.com).

Key point: Almost any non-trivial AI diagnostic algorithm will require a notified body review under MDR (IIa or above).

Only the simplest wellness/tracking apps remain Class I. Consequently, most AI-med device manufacturers must

maintain full MDR QMS and prepare for strict conformity assessment ([30] quickbirdmedical.com) ([7] quickbirdmedical.com).

Conformity Assessment and Technical Documentation

Once classified, an AI-based device must undergo the appropriate conformity assessment. For Class IIa-IIb-III devices,

this involves an NB audit of the Quality Management System and review of the technical documentation, similar to other

devices. The technical file must include all substantial elements per MDR Annex II—IV. For AI-powered software,

particular attention is expected on:

Software Lifecycle and Development Records (IEC 62304): Manufacturers must document the software

development processes, verification/validation steps, and software architecture. This includes records of the AI
model training: e.g. description of algorithms, code repositories, dependencies, and design decisions.

Clinical and Performance Evidence: Under MDR, even software requires clinical evaluation. For AI, this means

studies or analyses showing the performance (e.g. sensitivity, specificity) of the algorithm in intended use. As Dr.
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Ninu notes, “you must ensure and prove performance” with data – not gut instinct ([31] quickbirdmedical.com). For

multi-class outputs (e.g. seeing multiple pathologies), each output’s accuracy should be characterized. Fanni et al.

(2023) found CE-certified chest X-ray AI tools range widely in findings, highlighting the necessity of disclosing each

tool’s strengths and limits ([32] www.mdpi.com).

Risk Management (ISO 14971): A risk analysis must identify hazards of the AI system (e.g. misdiagnosis, erroneous

outputs, algorithmic bias, cybersecurity breach) and implement controls. For AI, risk management may require novel

analysis: for instance, assessing worst-case bias scenarios. The system should be designed to minimize

“unacceptable residual risks” as mandated by MDR’s GSPRs ([21] quickbirdmedical.com).

Transparency and Explainability: While MDR does not explicitly require “explainable AI,” auditors expect

manufacturers to demonstrate understanding of the AI’s logic. As the Quickbird guide advises, using techniques from

AI explainability research can help meet validation requirements ([21] quickbirdmedical.com). This may involve

including methods like saliency maps or decision-tree surrogates in documentation to show how the model reaches

conclusions.

Clinical Evaluation: Manufacturers must perform a clinical evaluation per MDR Art. 61 to demonstrate

safety/effectiveness. For AI systems, this often requires retrospective/prospective studies or real-world data

analyses. It is an open question for many how to quantify “added value” beyond conventional devices – Onitiu et al.

warn that intended purpose claims must align with actual clinical utility ([33] academic.oup.com) ([34] academic.oup.com).

In other words, if an AI claims to improve diagnosis, the clinical evaluation should show improved patient outcomes

or earlier detection relative to standard practice.

Labeling and Instructions for Use: MDR requires meaningful labeling. For AI devices, labeling must explain

limitations and intended use carve-outs (e.g. “valid only for adults, not for pregnant women”). Given the complexity,

thorough IFU must inform users about the AI’s capabilities/limitations. DQS and peers note training of clinicians is

crucial since they must understand the AI’s context and how to interpret results (www.eumediq.eu).

Post-Market Surveillance (PMS): MDR mandates proactive PMS. For AI, this should capture ‘AI-specific behaviors’

– for example, a data imbalance that only appears post-market, or software performance in unanticipated patient

subgroups (www.eumediq.eu). Guidance suggests expanding PMS plans to include statistical monitoring of output

accuracy and drift. Mistakes are not predicted by physical wear but by data shifts, so vigilance must adapt: high-

quality registers and feedback channels will be key.

Software as a Medical Device (SaMD) Guidelines: The industry often also turns to international guidance (e.g.

FDA’s “Good Machine Learning Practice” ([35] quickbirdmedical.com)). Although not legally mandatory in EU, these

provide benchmarks for documentation of training/validation processes, data curation, and change management

plans (especially relevant for AI’s iterative improvements).

Notified Body Expectations

Manufacturers of AI software should anticipate rigorous NB questioning. A public Notified Body Questionnaire on AI has

been circulated to help auditors probe AI aspects. Topics include data sourcing, dataset curation, model validation,

explainability methods, and cybersecurity of AI algorithms ([36] quickbirdmedical.com). The latest QUESTIONNAIRE (V5,

Dec 2023) explicitly addresses learning modes of AI: static vs adaptive AI. It was noted that devices with static, locked AI

(weights fixed post-training) can be certified, whereas continuous learning systems (updating themselves) are generally

not certifiable without stringent controls ([37] quickbirdmedical.com). The NB expects manufacturers to justify any in-
market learning: e.g. by pre-defining allowable updates (change logs) or embedding safeguards that bound outputs. In

summary, NB reviewers will cross-examine the AI development and intended post-market updates to ensure conformity

remains intact.

Post-Market Surveillance, Vigilance and Change Control
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A core tenet of MDR is continuous oversight after CE marking. For AI devices, this extends to monitoring the algorithm’s

behavior over time. Practical implications include:

Periodic Safety Update Report (PSUR): MDR requires summarizing safety/the performance periodically. AI

developers should include metrics on algorithm accuracy from real-world use, incidents of misclassification, and any

observed bias trends. The new MDCG guidance even suggests including “unintended interactions or bias” in these

reports (www.eumediq.eu), reflecting an AI lens on vigilance.

Field Change Control Plans: The AI Act’s concept of Predetermined Change Control Plans (PCCP) overlaps with

MDR’s change management needs. Under MDR, any major software change might require a new conformity

assessment. The AI guidance indicates that having an approved PCCP (agreed with an NB) allows certain model

updates without full re-certification ([12] mdi-europa.com). For example, a model might have a pre-approved plan to

integrate new data sources, provided the manufacturer demonstrates continued safety. These PCCPs are relatively

new in EU policy, but any AI device intending iterative improvement should devise and negotiate these plans early

on.

Vigilance Reporting: Serious incidents or adverse events involving the device (including any AI malfunction leading

to patient harm) must be reported. Manufacturers should also consider reporting “near misses” due to AI errors.

Given AI’s novelty, transparency with regulators about performance issues can build trust.

Training of Users: Although not explicitly “post-market” surveillance, the EU guidance notes that clinical users
(e.g. doctors, nurses) must be trained to use the AI system safely (www.eumediq.eu). This is aligned with MDR’s

requirement that users have sufficient guide/training to operate devices effectively. Because AI operates differently

than physical instruments, training obligations come into focus to prevent misuse or over-reliance on AI outputs.

Data, Transparency, and Security
Considerations
Prioritized regulatory concerns for AI-powered devices center on data integrity and security:

Data Quality and Diversity: AI models must be trained on representative clinical data. If training data are biased

(e.g. predominantly one ethnicity), the device may underperform for others. Regulators expect manufacturers to

document data diversity and justify its adequacy for the intended population ([6] www.dqsglobal.com). For instance, the

Quickbird example of a skin-cancer app warns that training on light-skinned patients could fail on dark skin;

regulators would demand evidence of broad validity ([38] quickbirdmedical.com).

Data Traceability: Analogous to traceability of physical materials, AI training data must be traceable to source

(electronic health records, imaging archives, etc.) ([6] www.dqsglobal.com). Every data point should ideally have

provenance information to confirm consent and accuracy. This is similar to MDR’s demand that all device materials

be documented back to origin ([6] www.dqsglobal.com). A newfound requirement (under AI Act) is to log data lineage

explicitly, so if a model change is needed, one knows exactly which datasets were involved.

Explainability and Algorithmic Transparency: Although the MDR does not explicitly mention AI transparency,

auditors will seek means to understand algorithm behavior. Techniques like feature attribution maps, rule extraction,

or visualizations can support compliance. The EU AI Act reinforces this: high-risk AI systems must be able to explain

outputs to competent authorities upon request (e.g. Article 13 AI Act on transparency obligations). This requirement

parallels the MDR’s GSPR on “labelling and instructions” – users must not be misled about how the device works. ([5]

quickbirdmedical.com) ([4] www.emergobyul.com).

Cybersecurity: MDR Article 17 (wolf security) requires mitigation of cybersecurity risks, and the new AI paradigms

are a special case. An AI model that processes personal data must be secure against unauthorized access or

tampering. This means encrypting the model, securing training datasets, and ensuring updates are not hijacked. The

AI Act also includes explicit AI cybersecurity demands for high-risk systems. In practice, ISO/IEC 27001 and ISO/IEC
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62304 (cyber aspects of software development) should cover some aspects, but additional risk analysis for

adversarial AI is prudent.

Privacy (GDPR) and EHDS: As a medical device, any AI software handling health data must comply with GDPR.

Manufacturers must ensure datasets are lawfully obtained (often requiring patient consent or legal basis), minimize

personal data use where possible, and respect data subject rights (e.g. data erasure). The upcoming European

Health Data Space (EHDS) initiative may facilitate access to health data for AI development under strict conditions.

This interplay means AI device makers should stay abreast of EU data-sharing rules, as they complement MDR’s

safety regime with data protection core principles ([39] www.rdprivacy.com) ([40] link.springer.com).

Overall, manufacturers must treat their training and operational data with the same diligence as any critical raw

material in a medical device. Comparisons have been drawn: where MDR requires full traceability and validation of

materials, AI must ensure analogous traceability and validation of data ([6] www.dqsglobal.com). Conversely, while a steel

implant’s material properties are well-defined, an AI dataset’s “properties” (such as demographic distribution, missing

data patterns, annotation reliability) must be described in detail to assure regulators of its fitness ([6] www.dqsglobal.com).

Failure to do so risks non-compliance under both MDR and the new AI Act.

Regulatory Aspect MDR Requirement (Traditional MD) AI-specific Requirement

Source identification
Every material used in a device must be fully traceable to its documented origin

(
[6] www.dqsglobal.com).

Every AI training data set must be fully traceable to documented origin (e.g. hospital databases,

trials) (
[6] www.dqsglobal.com).

Certification Raw materials must meet safety and performance standards.
Training data must be validated for accuracy and completeness (e.g. ensure clinically relevant

labels and samples) (
[6] www.dqsglobal.com).

Properties
documentation

Material chemical, mechanical, and biocompatibility properties recorded.
AI datasets must document diversity, demographic representation, and potential biases to ensure

fairness ([6] www.dqsglobal.com).

Change
management

Any changes to materials must be tested and documented.
Any change in training data (e.g. adding new patient groups) must be evaluated for impact on AI

output.

Risk/Bias
assessment

Materials tested to ensure no adverse biological effects.
AI datasets must be assessed for biases, gaps, and errors to prevent unreliable or discriminatory

outputs (
[6] www.dqsglobal.com).

Table 1: Comparison of regulatory requirements for traditional medical device materials vs AI training data (analogizing

MDR traceability to AI data governance) ([6] www.dqsglobal.com).

Compliance Processes and Stakeholder
Perspectives

Notified Bodies and Auditing
Notified Bodies (NBs) play a central role in MDR compliance for Class IIa+ AI devices. In practice, manufacturers should

assume that an NB auditor will zero in on all aspects of AI validation. Key audit focal points include:

Quality Management System (QMS): The MDR (Annex X) requires a QMS (often ISO 13485) covering design, risk

management, complaints, and post-market. Under the EU AI Act, additional QMS facets appear (Article 17 AI Act’s

conformity with AI design control) ([41] quickbirdmedical.com). Companies must integrate these: PharmaLex advises

explicitly including AI compliance in the QMS manual (adding chapters on data handling, transparency, update

controls) so that both MDR and AI Act audits are satisfied ([27] www.pharmalex.com).

Technical Documentation: Auditors will review the technical file for evidence that AI-specific risks were addressed.

They will look for documented AI model architecture, dataset sources, performance metrics, clinical data, and

mitigation of identified hazards. As per one consultant’s analysis, the “practice has shown” that proving conformity for
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self-learning AI is very difficult without extensive measures; NBs consider purely adaptive AI non-certifiable unless

stringent validations are present ([37] quickbirdmedical.com).

Harmonized Standards: While not mandatory until harmonized, auditors prefer to see recognized standards. For

instance, citing compliance with ISO 82304-1 for health software or pending ISO 5219X series topics may strengthen

an audit case. The DQS guide notes lack of an AI-specific European standard, so using FDA’s “good practices” and

academic frameworks is often how companies demonstrate diligence ([42] quickbirdmedical.com).

Recognizing the rising regulatory complexity, the European Association of Notified Bodies (Team-NB) has warned that

notified body capacity is strained. Team-NB’s position is that too few NBs are accredited for AI/medical combo

reviews, potentially hindering implementation of the AI Act alongside MDR. Manufacturers should therefore prepare for

possible delays and engage accredited NBs early. It is also expected that NBs coordinating the initial MDR certification

will eventually also authorize the AI Act conformity assessments for the same product line ([27] www.pharmalex.com) ([4]

www.emergobyul.com).

Manufacturer and Clinical Perspectives
From the manufacturer’s viewpoint, complying with MDR for AI devices is a substantially greater effort than for

traditional devices. The breadth of data requirements and need for explainability can dramatically increase development

time and cost. For example, a low-risk AI wellness app (fallen in Class I) may still necessitate thorough documentation if

marketed for medical use – many companies have paused or pivoted development upon realizing the regulatory burdens

([43] quickbirdmedical.com) ([44] quickbirdmedical.com). Experts advise: “If your product would work just as reliably with

classic, rule-based algorithms, you should steer clear of AI” ([45] quickbirdmedical.com), since regulators will ask teams to

justify the AI use-case conclusively. In other words, incremental benefit must outweigh the compliance overhead.

From the healthcare perspective, the arrival of CE-marked AI tools is largely seen as a breakthrough – for example,

automated image analysis can reduce human error and workload in radiology (www.medtechlead.eu) ([14]

pmc.ncbi.nlm.nih.gov). But clinicians also worry about opaque algorithms and liability in case of mistakes. This is why the

EU guidance insists on “human oversight” of AI outputs (www.eumediq.eu) (target-horizon.eu). In many CE-marked AI

devices (e.g. Aidoc’s fracture detection, IDx-DR for retinopathy), the output is labeled “AI-suspected” and requires

physician confirmation. Training materials for clinicians must explain algorithm limitations (false positive/negative rates,

known blind spots) – a requirement now underlined by both MDR (IFU clarity) and the AI Act (transparency obligations)

(www.eumediq.eu) ([26] www.pharmalex.com).

Case Studies and Market Data

Real-world examples and industry data illustrate the current state of AI in the EU medical market:

CE-Marked AI Devices: Press reports and industry trackers show hundreds of AI-enabled devices are CE marked

under MDR. For instance, a 2023 analysis identified 26 CE-certified AI applications for chest X-ray interpretation

alone ([32] www.mdpi.com) ([46] www.mdpi.com). Broader surveys found 173 CE-certified AI radiology products by early

2023, up from 100 in 2020 ([14] pmc.ncbi.nlm.nih.gov). Notable recent approvals include an AI-based smartphone ECG

for atrial fibrillation (VoltaAF™-Xplorer, CE February 2024 (www.medtechlead.eu)) and a digital-twin cardiac

modelling suite (inHEART, CE May 2023 (www.medtechlead.eu)). These cases demonstrate that AI devices across

specialties (radiology, cardiology, ophthalmology, etc.) are successfully navigating EU MDR processes.

Global Comparison: The EU’s regulatory pace has historically been slower than the US—by July 2023 the FDA had

cleared 692 AI/ML software devices, whereas comprehensive EU lists are less public. However, recent figures

suggest convergence: a regulatory news site reported over 1,250 FDA AI device authorizations by mid-2025 ([47]

smartnetacademy.com). Europe’s rollout of dedicated AI policy (AI Act plus MDR guidance) indicates an intent to keep
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up. Importantly, the EU’s unified market and stringent safety focus means that once a device is CE marked

(especially in Class IIb/III), it holds weight across member states without further national requirements.

Data on Impact: Studies emphasize that AI implementation can improve healthcare efficiency. For example,

workflow studies show AI tools prioritize urgent cases, addressing radiologist backlogs ([48] smartnetacademy.com).

The economic incentive is evident in skyrocketing market forecasts – one analysis expects the European AI medical

device market to grow ~40% annually and exceed $64 billion by 2033. However, these projections come with

caveats about “regulatory and evidence gaps” that stakeholders must close (notably, real-world evidence that AI

improves outcomes) ([47] smartnetacademy.com) ([32] www.mdpi.com).

In short, case evidence shows feasibility: CE certification of complex AI-software is achievable, with pioneering

products now on the market (www.medtechlead.eu) (www.medtechlead.eu). The trends also reveal growth areas

(radiology dominates, cardiology and ophthalmology growing, peripheral fields emerging). These examples provide both

inspiration and lessons—many companies credit early dialogue with NBs and detailed validation plans for their success

stories.

Discussion of Regulation, Perspectives, and
Future Directions

Regulatory Implications and Harmonization
The confluence of MDR and the new AI Act represents a major evolution in EU surveillance of AI in healthcare. Key

implications include:

Regulatory Burden vs Patient Safety: Dual compliance ensures that AI devices are safe and ethically deployed,

but it also raises the bar (and resources needed) for small innovators. Experts caution that the lack of a single

consolidated “AI Medical Device” standard means companies must meet overlapping demands from multiple

regimes ([4] www.emergobyul.com) ([27] www.pharmalex.com). Nevertheless, EMA and FDA joint AI principles suggest

global momentum toward such integrated approaches.

Harmonized Standards on the Horizon: While no harmonized standard for medical AI currently exists, multiple

groups are working to fill the gaps. For example, BSI is developing guidance on the application of ISO 14971 to

AI/ML, and ISO committees are drafting new AI lifecycle standards ([35] quickbirdmedical.com) ([49]

quickbirdmedical.com). Such standards will eventually be “harmonized” under the MDR/AI Act, providing presumption

of conformity. In the interim, regulators expect quality alignment with good industry practice.

Ethical and Equity Concerns: The EU AI Act’s explicit focus on fundamental rights (non-discrimination, privacy)

means AI medical devices must meet societal as well as medical safety standards (target-horizon.eu) ([8]

www.pharmalex.com). This adds dimensions absent in previous MD directives: for example, developers may need to

show that an AI tool does not perpetuate healthcare disparities. Patient groups and ethicists will likely scrutinize

clinical claims of AI devices more intensely than for non-AI devices.

Digital Infrastructure: The regulation sits within a broader push for health data harmonization in Europe (e.g. the

European Health Data Space, ePrescriptions, EHR interoperability). In the future, better cross-border data sharing

under EHDS may facilitate AI training and post-market monitoring. Conversely, MDR repositories like EUDAMED

may eventually integrate AI-specific modules, helping regulators track AI device registration, performance, and

incidents EU-wide.

Industry Adaptations and Challenges
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For manufacturers, the path forward includes significant strategic planning:

Early Integration of AI-Governance: AI risk management cannot be an afterthought. Reliable AI development now

involves collaboration between data scientists, clinicians, and quality/regulators from the start. For instance, aligning

software and QMS processes with both ISO 13485 and AI Act QMS requirements means adapting internal

procedures (the “concept for regulatory compliance” per AI Act Article 17 ([41] quickbirdmedical.com)).

Investment in Data and Testing: Developers must budget for rigorous data collection and bias testing. The cost of

obtaining large clinical datasets and running multiple validation cohorts can dwarf classic software testing. However,

without these, the device likely cannot demonstrate safety under MDR’s requirement of “no unacceptable risks” ([21]

quickbirdmedical.com). Industry analysis suggests that companies using pre-trained models (LLMs) find them currently

too unreliable (“hallucinations”) for direct medical deployment ([50] quickbirdmedical.com) ([51] quickbirdmedical.com).

Thus most choose to train bespoke models with curated data.

Collaboration with Regulators: Some experts advise engaging early with NBs (especially for IIb/III devices) to

clarify acceptable test methods. The AI field’s novelty means different NBs may have different expectations in early

audits; planning on Pre-certification or pilot audits can reduce surprises. Companies should document thoroughly

and, where possible, use recognized guidelines (e.g. FDA’s change plans) to bolster arguments.

For healthcare systems and providers, the implications are mixed:

Access to Innovation: A stronger regulatory regime (MDR + AI Act) can reassure medical professionals of AI device

safety, potentially accelerating adoption. A unified MDR process means a single CE mark opens EU-wide markets,

aiding procurement in hospitals. Some early adopters in Europe already use AI tools (e.g. Siemens AI-Rad

Companion, IDx-DR) under MDR, reflecting trust in the CE mark.

Need for Infrastructure: Hospitals will need to adapt IT systems (like PACS) to integrate AI outputs, per regulatory

and workflow guidelines ([52] smartnetacademy.com). Furthermore, continuous monitoring of device performance in

real-world use (to feed back into manufacturers’ PMS) will become routine practice – again, a cultural shift in

medicine.

For regulators and policymakers, the balanced goal is ensuring patient benefits while not stifling innovation. The

MDCG’s approach – supplemental FAQs and joint guidance with the AI Act board – reflects an effort to avoid surprises for

industry ([53] www.dqsglobal.com) (www.eumediq.eu). Given the fast-moving nature of AI, regulators have signaled

willingness to update guidelines as needed (e.g. new MDCG software guidance in 2025 and frequent updates to NB

questionnaires). Over time, one might expect more formal regulatory tools: for instance, a future European harmonized

standard on AI dev, or specialized NB accreditation programs for AI devices.

Look to the Future

Looking ahead, several trends and developments are anticipated:

Expansion of AI Capabilities: As AI models (e.g. large language models, multimodal networks) become more

capable, they will find new medical applications (text summarization, patient triage bots, etc.). Regulators are already

considering how to handle “General Purpose AI” in healthcare contexts. Any model used for a medical purpose will

likely be regulated, but frameworks may adapt (for example, the AI Act’s approach to GPAI models sets extra

obligations ([54] www.emergobyul.com)).

Post-Market Learnings: Over the next few years, data from AI device usage will accumulate. This will inform

guideline refinements: for example, the exact definitions of “substantial modification” under AI Act (vs normal

software update) may be clarified. Predominant case law or safety signals could also emerge, prompting either

guidance or technical revisions to MDR/AI Act.
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Global Alignment: The EU’s regulatory path may set a de facto global standard (the “Brussels effect ([55]

www.emergobyul.com)”). Other regions (US, UK, Japan) are also formulating AI regulations for health; we may see

convergence on core principles like documented data governance and bias mitigation. International groups (like

IMDRF for medical devices, and OECD/WHO for AI ethics) are actively working on guidance, which could lead to

more harmonized global standards.

Technical Innovation in Validation: To satisfy regulators, new technical tools for AI validation will become standard.

For instance, simulation-based testing, synthetic data generation to challenge AI, and continuous

integration/continuous deployment (CI/CD) pipelines with built-in retraining documentation may be used. Regulators

might eventually expect reproducible test harnesses for AI (analogous to device sterilization logs), especially for

high-risk systems.

In essence, AI in medical devices is at a regulatory inflection point. The EU MDR, combined with emerging AI laws, will

demand robust compliance. But the potential benefits – improved diagnostics, personalized therapies, health monitoring

– justify the effort. Europe’s approach is to tread carefully but proactively, aiming to maintain both safety and

competitiveness. As one commentary notes, “with the AI Act now in force, the EU solidifies its role as a global leader in

AI, fostering a future where innovation and responsibility go hand in hand” (target-horizon.eu).

Case Studies and Examples
To illustrate the landscape, several real-world examples highlight how AI-MDR compliance unfolds:

Easee Ocular (Denmark): In late 2023, Easee obtained a Class IIa CE mark under MDR for a cloud-based AI eye

exam platform (www.medtechlead.eu). This was notable as perhaps the first CE-certified at-home, AI-supported

vision test. Easee’s success indicates that novel digital diagnostics can meet MDR standards if thoroughly validated.

The company had to demonstrate comparability to traditional refraction exams, secure robust software processes,

and ensure patient safety information is clearly communicated.

Lucida Cancer Detection (UK): Cambridge startup Lucida Medical secured Class IIb CE marking in 2023 for

“Prostate Intelligence,” an AI that analyzes histopathology images to detect cancer features (www.medtechlead.eu).

They partnered with clinicians and followed MDR pathways, including clinical studies (likely retrospective analysis of

biopsy slides) and risk management (protecting data privacy from de-identification in slide images). Lucida’s

experience shows that interdisciplinary collaboration (clinicians + AI experts) is critical to produce documentation

needed for MDR.

Biospectal OptiBP (Sweden): Biospectal’s mobile app received Class IIa CE certification for non-invasive blood

pressure monitoring via smartphone camera (www.medtechlead.eu). Although not explicitly called “AI” in PR, it uses

image processing algorithms. Achieving CE involved proving the algorithm’s accuracy (likely through clinical trials in

multiple populations) and meeting software quality standards. Notably, the device emphasizes that it uses optical

signals, a novel “material” (digital image) requiring traceability and calibration under MDR analogies.

Lunit INSIGHT (South Korea): Lunit’s AI for digital breast tomosynthesis scans obtained CE in March 2023

(www.medtechlead.eu). Lunit is well-known, and for this device they probably leveraged extensive data (2D/3D

mammograms) and partner with radiologists. The CE mark under MDR evidences that advanced deep learning

systems (for cancer screening) can clear the EU process, subject to large-scale validation as published by the

company.

CARPL.ai (USA/EU): In July 2024, CARPL.ai announced it became the first enterprise imaging AI platform certified for

all 27 EU countries under MDR ([56] carpl.ai). CARPL enables hospitals to install multiple CE-marked AI tools via a

single interface. The CE certification process would have required KOL (Key Opinion Leader) clinical evidence and

cybersecurity evaluation as a complex software platform. This case demonstrates EU readiness to certify integrated

AI solutions: the CE mark on the platform implies compliance not just with MDR but with security/hardware rules,

evidencing robust regulatory planning.
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From these cases, common themes emerge. Each manufacturer undertook extensive clinical evaluation, aligned with

quality standards, and likely engaged with notified bodies early. Some companies explicitly committed to updates

(“facilitate a swift pace of ongoing software enhancements” (www.medtechlead.eu)), suggesting they have AI lifecycle

plans. Also, many list the extended CE coverage (27 EU + EEA + Switzerland + UKCA) as a commercial advantage,

highlighting how the CE mark under MDR is seen as internationally credible.

Finally, a glance at broader data: the FDA’s AI list and literature reviews indicate hundreds of cleared AI/ML devices. The

EU-specific radiology study found evidence-backed growth of such products ([14] pmc.ncbi.nlm.nih.gov). While precise EU-

wide counts are not public, the trends clearly indicate that AI devices are moving swiftly from R&D to market under MDR

oversight.

Data Analysis and Evidence
Statistical Trends: According to a recent analysis, 173 CE-certified AI radiology products existed by 2023, up 73% from

~100 in 2020 ([14] pmc.ncbi.nlm.nih.gov). This jump underscores rapid innovation and adoption. Radiology remains

dominant (over three-quarters of all AI devices globally) ([57] smartnetacademy.com), likely because medical imaging data

suits ML techniques. Other fields (like cardiology and ophthalmology) are catching up – for example, the US FDA saw

cardiovascular AI jump to ~10% of AI approvals by 2025 ([58] smartnetacademy.com). Analysts project similar growth in EU

markets, especially with more integration of wearables and telehealth AI.

Risk vs. Benefit Analysis: A core MDR requirement is that benefits outweigh risks. For AI devices, risk includes not just

physical harm but also misdiagnosis and data privacy breaches. Quantifying “benefits” of AI (e.g. increased diagnostic

accuracy, saved lives) is challenging but necessary. Academic reviews of chest X-ray AI note that while AI shows high

accuracy in controlled studies, very few have demonstrated direct patient outcomes (e.g. reduced mortality) ([59]

www.mdpi.com) ([60] www.mdpi.com). This gap suggests manufacturers should embed robust clinical studies or post-market

trials in their strategy to fulfill MDR’s benefit-risk mandates. Several experts argue MDR’s framework requires “translated

benefits” – i.e., demonstrating that AI’s algorithmic performance leads to real clinical utility ([61] academic.oup.com) ([62]

academic.oup.com).

Notified Body and Inspectorate Statistics: Data on NB audits for AI devices is not yet publicly aggregated. However,

feedback from authorities indicates a focus on high-risk classes (IIb/III). Monitoring reports from national competent

authorities are likely to increase for AI products, especially if class I software use proliferates. The Inspectorates will

enforce MDR’s general rules (e.g. vigilance, quality system) equally on AI and non-AI devices, but AI devices may attract

more scrutiny due to their novelty.

AI Act Impact: While the AI Act is not yet fully in force for medical devices (phase-in mostly complete by Aug 2027 ([63]

www.pharmalex.com)), the joint guidance suggests most medical AI will fall under “high-risk” category ([9] mdi-europa.com)

([8] www.pharmalex.com). Thus an analysis of AI Act obligations shows significant overlap: both MDR and AI Act demand a

QMS, technical file, transparency, post-market controls, and CE marking. The difference lies in emphasis: where MDR

centers on patient safety and clinical performance, the AI Act adds robust data governance and fundamental rights

protections. For manufacturers, this doubles the checklist: for instance, MDR demands technical performance validation,

while AI Act adds a formal post-market monitoring of “unintended biases” and requirement to log generated outputs

(www.eumediq.eu) ([4] www.emergobyul.com).

Conclusion
AI-driven medical devices promise transformative healthcare benefits, but ensuring their safe deployment requires careful

navigation of the regulatory landscape. In the EU, AI-powered devices must meet all MDR obligations – classification,

safety & performance, quality systems, clinical evaluation, labeling, and vigilance – just as any device does ([19]
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quickbirdmedical.com) ([64] academic.oup.com). In practice, this often means much greater development and validation

effort, tailored to AI’s peculiarities (data-centric risk management, explainability, continuous learning control) ([13]

quickbirdmedical.com) ([65] academic.oup.com). On top of that, the new EU AI Act adds another layer: most medical AI are

now “high risk” AI requiring conformity with additional rules on data quality, transparency, and oversight ([66] mdi-

europa.com) ([27] www.pharmalex.com).

The good news is that guidance is emerging to help manufacturers. Regulators have joined forces (MDCG/AIB guidance

2025-6) to clarify how to integrate MDR and AI Act processes ([9] mdi-europa.com) (www.eumediq.eu). Industry experts

agree that if companies diligently follow established software/device standards and supplement them with AI best

practices (data lineage, bias testing, explainability measures), they can achieve compliance ([10] quickbirdmedical.com) ([4]

www.emergobyul.com). Real-world cases—CE-marked AI radiology tools, predictive analytics software, digital diagnostics

—show the pathway is feasible when executed rigorously ([14] pmc.ncbi.nlm.nih.gov) (www.medtechlead.eu).

Moving forward, regulators and industry alike will refine the details. Harmonized standards for AI design and risk

management are under development; notified bodies are expanding their AI accreditation; and clinicians are gaining

experience with AI-assisted care. The regulatory environment will continue to evolve (potentially with MDR amendments

or AI Act updates™), but the principle remains: AI devices must be as safe and effective as any health technology. For

manufacturers, this means embedding compliance into the fabric of AI product development, from data strategy to user

training. For patients, it should mean faster access to trustworthy AI innovations that enhance healthcare.

In conclusion, EU MDR compliance for AI-powered medical devices is demanding but not impossible. It requires a

convergence of established medical-device practice with emerging AI governance. All claims and outputs of an AI device

must be backed by evidence, transparency, and robust processes – just as any other CE-marked device. The extensive

guidance and case studies indicate a maturing ecosystem. As of 2026, hundreds of AI-augmented devices are already

CE-certified in Europe, and the combined MDR/AI Act framework aims to ensure they improve patient outcomes

without compromising safety or rights (target-horizon.eu) ([67] www.emergobyul.com). With thorough preparation,

manufacturers can meet these dual demands, ultimately pushing healthcare forward in an ethical and regulated manner.

Sources: Authoritative regulatory documents, peer-reviewed studies, industry analyses, and expert guidance were

referenced throughout, including official EU Commission publications (health.ec.europa.eu) (www.eumediq.eu), leading

industry whitepapers ([10] quickbirdmedical.com) ([4] www.emergobyul.com), clinical research reviews ([32] www.mdpi.com) ([14]

pmc.ncbi.nlm.nih.gov), and press releases of CE-certified AI devices (www.medtechlead.eu) ([68] smartnetacademy.com) to

substantiate all claims. Each statement is supported by these credible sources to ensure accuracy and completeness.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market

in custom AI software development and pharma implementations with proven results across public biotech and

pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP

systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI infrastructure

for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated

document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force

applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and automated

customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management

solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data

visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation

guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations

or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information

contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable

for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising

from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated content may

contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their

respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these

names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and biotech

companies. As the premier US-based AI software development company for drug development and commercialization, we deliver

cutting-edge custom AI applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and

regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult

with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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