A

myQARAmate

1ISO 42001:2023 and Its Role in
Al-Driven Medical Device
Ecosystems

A Framework for Ethical Al, Risk Management, and Regulatory
Compliance

By Guillaume Saint-Pierre’

' Guillaume Saint-Pierre is an expert in regulatory affairs and quality management in the medical and
in vitro diagnostic device fields. He has a strong background in developing and implementing Quality
Management Systems, and he has previously worked as a Lead Auditor for ISO 13485, CE Marking
of Medical Devices (MDD/MDR) and the Medical Device Single Audit Program (MDSAP). He has a
strong expertise in biomaterials engineering and experience as a Quality Manager. Guillaume is
dedicated to advancing the field of medical device and helping manufacturers navigate the complex
regulatory landscape.
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1. Introduction to ISO 42001:2023

1.1 What is ISO 420017

ISO 42001:2023 is the first global standard dedicated to governing Atrtificial Intelligence
Management Systems (AIMS). It provides organizations with a structured framework to
address ethical, legal, and technical risks across the Al lifecycle. Unlike traditional IT
standards, ISO 42001 emphasizes human-centric Al, requiring organizations to embed
transparency, accountability, and societal values into Al development. For medical devices,
this means ensuring Al tools like diagnostic algorithms or robotic surgery systems are not
only accurate but also ethically aligned and explainable to clinicians and patients.

1.2 Why It Matters for Healthcare

Al is revolutionizing healthcare, enabling faster diagnoses, personalized treatments, and
predictive analytics. However, unchecked Al risks—such as biased decision-making or
opaque “black-box” algorithms—can lead to misdiagnoses, patient harm, and regulatory
penalties. ISO 42001 bridges this gap by standardizing governance for Al-driven medical
devices, ensuring they meet rigorous safety, fairness, and transparency benchmarks while
complementing existing frameworks like ISO 13485 and ISO 14971.

2. Key Features of ISO 42001

2.1 Core Principles

e Human Oversight:
ISO 42001 mandates that Al systems remain under human control, particularly in
high-stakes healthcare scenarios. For example, Al tools that prioritize patient cases
in emergency departments must allow clinicians to override automated decisions.
This principle prevents over-reliance on Al and ensures accountability for outcomes,
aligning with FDA guidance requiring “human-in-the-loop” validation for Al/ML-based
devices.

o Fairness:
The standard requires organizations to identify and mitigate biases in training data
and algorithms. In medical imaging Al, for instance, models trained on non-diverse
datasets may underperform for underrepresented demographics. ISO 42001
enforces bias testing and demographic validation to ensure equitable performance
across patient groups.

e Transparency:
Al systems must provide clear explanations for their outputs. A radiology Al tool, for
example, should highlight the features (e.g., tumor size, contrast) that led to a
diagnosis, enabling clinicians to verify results. This aligns with the EU Al Act’s
requirement for “technical documentation” to explain Al decision-making.

e Security:
ISO 42001 integrates with ISO 27001 to safeguard sensitive health data. For
wearable Al devices transmitting patient vitals, this means encrypting data streams
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and restricting access to authorized users, mitigating risks of breaches that could
compromise patient safety or privacy.

3. 1SO 42001 in the Medical Device Regulatory
Landscape

3.1 Synergy with ISO 13485:2016

ISO 13485’s focus on quality management systems (QMS) dovetails with ISO 42001’s Al
governance requirements. For example:

e Design Controls: ISO 13485 requires rigorous validation of device functionality,
while ISO 42001 adds Al-specific validations, such as testing algorithms against
edge cases (e.g., rare diseases).

o Post-Market Surveillance: Both standards mandate ongoing monitoring, but ISO
42001 extends this to Al performance metrics (e.g., accuracy drift over time),
ensuring models adapt to new clinical data.

Example: A cardiac Al monitor must undergo ISO 13485 design validation (e.g., electrical
safety) and ISO 42001 validation (e.g., algorithmic accuracy across arrhythmia types).

For a detailed mapping of ISO 42001 requirements to EU MDR and FDA expectations, see
Appendix A.

3.2 Integration with ISO 14971:2019 (Risk Management)

ISO 14971 remains the cornerstone of medical device risk management, but Al introduces
novel hazards requiring ISO 42001’s governance:

e Traditional Risks: ISO 14971 addresses hardware malfunctions (e.g., a
defibrillator’s electrical failure) and software bugs.

e Al-Specific Risks: ISO 42001 governs risks like model degradation (e.g., an Al
sepsis predictor losing accuracy due to changing patient demographics) or
adversarial attacks manipulating Al inputs.

Implementation Strategy:

1. Risk Identification: Use ISO 14971’s FMEA framework to map clinical risks (e.g.,
delayed diagnosis) and ISO 42001 to map Al risks (e.g., biased training data).

2. Controls: Combine technical safeguards (e.g., redundancy checks per ISO 14971)
with Al governance (e.g., explainability tools per ISO 42001).

3.3 Alignment with ISO 27001 (Information Security)

Al-driven devices handle vast amounts of sensitive data, making ISO 27001’s security
controls critical. Key overlaps include:

e Data Integrity: ISO 27001’s Annex A.12 protects against data tampering, while ISO
42001 ensures Al models are trained on unaltered, representative datasets.
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e Access Management: Restricting Al model modifications to authorized engineers
prevents unauthorized changes that could introduce bias or errors.

Example: A cloud-connected Al insulin pump must encrypt patient data (ISO 27001) and
validate that dosing algorithms are free from adversarial manipulation (ISO 42001).

4. Risk Management: Bridging ISO 14971 and ISO
42001

4.1 Unified Risk Framework

A holistic risk approach combines ISO 14971’s clinical safety focus with ISO 42001’s Al
governance:

e Clinical Safety (ISO 14971): Address risks like sensor failures in an Al-powered
ECG device.

e Al Governance (ISO 42001): Mitigate risks like algorithmic bias causing
underdiagnosis in female patients.

Case Study: An Al mammography tool must validate both hardware imaging quality (ISO
14971) and algorithmic accuracy across breast densities (ISO 42001).

Use the integrated risk assessment checklist in Appendix B to identify Al-specific and
traditional risks

5. Implementing ISO 42001: A Step-by-Step
Approach

5.1 Gap Analysis

Conduct an audit comparing current Al practices to ISO 42001’s 39 clauses. For example, a
hospital using Al for patient triage might lack documentation on bias mitigation, triggering
corrective actions like dataset diversification.

5.2 Policy Development

Draft Al-specific policies, such as requiring explainability reports for diagnostic Al tools. Align
these with ISO 13485’s QMS procedures (e.g., design change controls) and ISO 27001’s
data protection rules.

Appendix C provides an example policy statement aligning with ISO 42001’s transparency
and fairness principles

5.3 Risk Assessment

Merge Al risks into ISO 14971’s risk management file (RMF). For instance, an Al surgical
robot's RMF would include mechanical failures (ISO 14971) and Al misinterpretation of
surgical scenes (1ISO 42001).
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5.4 Training

Train cross-functional teams on Al ethics (e.g., bias detection), cybersecurity (e.g., HIPAA
compliance), and device safety (e.g., ISO 14971 workflows). Use real-world scenarios, such
as securing Al training data for a diabetes prediction model.

5.5 Certification

Engage accredited auditors to verify compliance. Certification demonstrates adherence to
global standards, streamlining approvals under EU MDR or FDA's Digital Health Pre-Cert
Program.

6. Regulatory Alignment
6.1 Global Regulations

e EU Al Act: Classifies medical Al as high-risk, requiring conformity assessments akin
to ISO 42001’s clauses on transparency and human oversight.

e FDA Guidance: Encourages manufacturers to adopt ISO 42001-like principles for Al
transparency and real-world performance monitoring.

6.2 Benefits of Certification

Certification builds trust with regulators, accelerates market entry, and differentiates products
in crowded markets. For instance, an ISO 42001-certified Al sepsis detector could gain
faster EU MDR approval than competitors lacking ethical Al governance.

7. Conclusion

ISO 42001:2023 is not just a compliance tool—it’s a strategic asset for innovation in
Al-driven healthcare. By integrating it with ISO 13485, ISO 14971, and ISO 27001,
organizations can achieve end-to-end governance, mitigate emerging risks, and lead the
ethical Al revolution in medicine.
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Call for Actions
1. Implement ISO 42001 in Your Al Strategy

Take proactive steps to integrate ISO 42001 into your Al-driven medical device
development. Conduct a gap analysis, enhance risk management frameworks, and align
your Al governance strategy with global regulatory expectations.

& Next Step:
— Assess your current Al compliance with our ISO 42001 readiness checklist
(Appendix B).

2. Get Expert Guidance on Al Compliance

Navigating Al regulations and ISO standards can be complex. Leverage expert insights to
streamline certification and ensure compliance with ISO 13485, ISO 14971, and 1SO 27001.

& Next Step:
— Consult regulatory experts for a personalized implementation strategy.

3. Stay Ahead of Regulatory Changes

With evolving regulations like the EU Al Act and FDA AI/ML Action Plan, staying compliant
is critical. Ensure your Al-driven medical devices meet transparency, fairness, and
security requirements.

& Next Step:
— Sign up for regulatory updates and receive practical insights on Al governance.

4. Achieve Competitive Advantage Through Certification

An ISO 42001 certification can differentiate your Al-driven medical devices, accelerate
regulatory approvals, and build trust with clinicians and patients.

& Next Step:
— Start the certification process today with a structured roadmap (see Section 5.5).

5. Train Your Team on Ethical Al & Risk Management

Ensure your cross-functional teams—from Al developers to compliance officers—are
trained on Al ethics, cybersecurity, and risk assessment to fully leverage 1SO 42001.
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Appendix A: Mapping 1ISO 42001:2023 to FDA and
EU MDR Requirements

This table aligns ISO 42001 clauses with key regulatory obligations for Al-driven medical

devices.

ISO 42001:2023 Clause

FDA/EU MDR Requirement

Alignment Example

4.2 Human Oversight

FDA's “Human-in-the-Loop”
Guidance for AlI/ML

Clinicians must validate
Al-generated diagnoses
(e.g., radiology Al flags

tumors).

5.3 Transparency

EU Al Act “Technical
Documentation” (Annex 1V)

Provide explainability
reports showing how an Al
surgical robot prioritizes
tasks.

6.1 Risk Assessment

ISO 14971:2019 (EN I1SO
14971:2019 for EU MDR)

Merge Al model bias risks
(1ISO 42001) with clinical
risks (ISO 14971) in one
register.

7.2 Data Governance

GDPR/ HIPAA Data Integrity
Rules

Encrypt training data for an
Al glucose monitor to
protect patient privacy.

8.3 Monitoring & Evaluation

FDA's “Predetermined
Change Control Plans”

Continuously track an Al
sepsis predictor’s accuracy
post-deployment.

9.1 Incident Management

EU MDR “Vigilance System”
(Article 87)

Report Al-driven diagnostic
errors as adverse events to
EUDAMED.
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Appendix B: Al Risk Assessment Checklist (1ISO

14971 + 1SO 42001)

Use this checklist to identify and mitigate risks in Al-driven medical devices.

Risk Category Risk Description Mitigation Actions [ Responsible Team
Clinical Safety Al model Redundant Clinical Engineering
misdiagnoses due to | validation by
hardware failure clinicians (ISO
14971).

Algorithmic Bias

Underdiagnosis in
underrepresented
demographics

Test model across
diverse datasets
(1ISO 42001).

Data Science

interpret Al outputs.

maps/explainability
reports.

Data Security Breach of patient Encrypt data in Cybersecurity
training data. transit/rest (ISO
27001 Annex A.8).
Transparency Gaps | Clinicians cannot Provide saliency Regulatory Affairs

Post-Market Drift Model accuracy Implement Quality Assurance
degrades over time. | real-world
performance
monitoring (ISO
42001).

Human-Al
Interaction

Over-reliance on Al
recommendations.

Mandate clinician
sign-off for critical
decisions.

Human Factors
Engineering

Instructions:

1. ldentify Risks: Use FMEA (ISO 14971) to score likelihood/severity.

2. Prioritize: Focus on high-impact Al risks (e.g., bias in life-critical tools).

3. Document: Add risks to the Risk Management File (RMF) with mitigation timelines.
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Appendix C: Example Al Policy Statement (1ISO
42001-Aligned)

For an Al-Powered Diagnostic Device:

Policy: “Our Al models will be trained on diverse, representative datasets to minimize bias.
All outputs will include explainability features (e.g., confidence scores, decision rationale) for
clinician review. Regular audits will ensure compliance with ISO 42001 and ISO 13485.”

Implementation Steps:
1. Bias Testing: Quarterly audits of training data demographics.
2. Transparency: Integrate explainability dashboards into clinician workflows.

3. Incident Reporting: Log Al errors in the EUDAMED vigilance system.
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