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Efforts to accelerate the development and adoption of a new technology should not
compromise its reliability or reproducibility, or undermine the need for continuous
evaluation of its performance. These principles apply as much as ever to the rapidly
evolving field of artificial intelligence (Al) in medicine. Some Al algorithms appear to
have been approved for clinical use based on limited clinical evidence'?, making robust
post-market monitoring with systematic feedback from end-users essential. Continuous
monitoring and iterative refinement are indispensable for optimizing the safety, validity,
and clinical utility of most Al systems, throughout their lifecycle. Physicians will not be
replaced as the primary end-users with responsibility for the care of their patients, so
they must play a central role in monitoring the performance of Al-enabled medical

devices.

Importance of post-market monitoring of Al-enabled medical devices

In real-world clinical settings, the performance of Al-enabled medical systems may
diverge substantially from that observed in controlled environments or clinical trials.’
After deployment, these systems are susceptible to degradation of accuracy, due to
temporal changes in patients' characteristics, clinical workflows, distribution of data, or
technical infrastructures.® This can lead to unreliable clinical decisions and potential
non-compliance with the regulatory requirements based on which the Al-enabled
medical device was initially approved for clinical use. Algorithmic bias may be critical
when software is applied to patients with features or geographic backgrounds that were
under-represented in the original training data, resulting in models with suboptimal

performance and pronounced risk of exacerbating disparities in care.?
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To mitigate these risks, periodic updating or retraining of a model is essential to ensure
that its internal parameters remain calibrated to evolving real-world conditions and
applicable to each specific clinical environment in which it is deployed.* Post-market
monitoring helps to identify issues affecting usability, track adverse events due to
erroneous outputs, and support timely interventions (such as system adaptation or

recall) that can prevent continuing problems.

Key components of effective Al monitoring

Effective monitoring of Al-enabled medical systems requires a comprehensive, multi-
layered framework that keeps physicians at its centre (Figure). Core components
include continuous assessment of model performance, supported by rigorous
supervision of input and validation of output, to detect data drift, anomalous patterns,
or unexpected behaviors. Because validity of model outputs depends heavily on
completeness, consistency, and reliability of the input data streams, monitoring of data
quality is essential to prevent performance degradation and bias. In parallel, robust
oversight of infrastructure and resource usage helps ensure that computational
environments remain stable, accessible, and compliant with security requirements.
Modern monitoring frameworks also provide real-time visibility and scalability, allowing
institutions to identify issues rapidly while model usage grows, which supports the safe

expansion of Al tools across different clinical contexts and deployment scales.

Beyond internal analytics, real-world evidence collected by techniques such as web
scraping of publicly available information or feedback posted in social media, can help
to identify external signals of system failures or users’ concerns.® Crucially, clinicians

must remain an integral part of this ecosystem, as their structured feedback to
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developers enables continuous refinement of the models and the early identification of
clinically relevant errors (Figure).® Complementing this, explainability, interpretability,
and transparency tools support clinicians in validating outputs, while human-in-the-
loop oversight ensures that medical expertise remains central to decision-making,

thereby preserving safety and trust in clinical Al applications.

Implementation of effective continuous Al monitoring

Implementing an effective continuous, systematic, and data-driven Al monitoring
framework requires a structured approach built around well-defined technical and
clinical priorities.® It is essential to define the structured performance metrics, including
model accuracy, calibration, and latency, and to combine these with performance
monitoring that detects distributional drift and clinically relevant error patterns. Data
quality is maintained through rigorous data integrity checks that assess the
completeness and consistency of input data, and through data harmonization to ensure
stable input over time. To ensure consistent oversight, monitoring systems must
automate acquisition of data from clinical workflows and operational sources, thereby

providing timely and unbiased information on the model’s real-world performance.

Computational robustness is ensured through system performance tracking and
resource optimization to maintain operational continuity. The use of interactive
dashboards and automated anomaly detection tools supports real-time visibility,
enabling both technical teams and clinical stakeholders to interpret trends, investigate
anomalies, and intervene promptly when the performance of the model becomes

suboptimal. Finally, explainability and transparency should be operationalized through
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model explanation tools and transparent reporting, to support clinical understanding

and regulatory accountability.

Critical role of physicians for monitoring

Physicians play a critical and irreplaceable role in the development, deployment, and
post-market monitoring of Al-enabled medical devices. Human oversight should be
preserved through continuous feedback loops, which can identify edge cases, usability
barriers, and context-specific failures. While regulatory frameworks and technical
performance metrics provide essential safeguards, the real-world effectiveness and
safety of Al systems ultimately depend on the clinical judgment and continuous
vigilance of the clinicians who use them, as clinical decision-making is inherently

contextual.

Physicians are uniquely positioned to detect subtle performance issues, context-
specific failures, or data-drift effects that may not be captured by automated monitoring
alone. Their direct feedback on unexpected outputs, challenges in usability, and patient-
specific discrepancies is critical for guiding iterative refinement of the models,
mitigating emerging biases, and preventing potential harm. Establishing robust
mechanisms for clinicians to provide feedback (integrated into routine workflow) is
therefore essential to ensure that Al tools evolve in alignment with clinical needs,
maintain high reliability across diverse populations, and continually improve their
performance over time. In this sense, keeping physicians “in the loop” is not only a
regulatory or operational necessity, but a cornerstone of safe, effective, and trustworthy

application of Al in healthcare.
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Conclusions

A multilayered framework for post-market monitoring of Al-enabled medical devices
must include structured and accessible mechanisms for systematic feedback to
physicians, as they are uniquely positioned to detect unexpected behaviors, subtle
errors, and context-specific limitations that automated systems may fail to capture.
Physicians can maintain the integrity and clinical trustworthiness of medical Al systems,

ensuring that innovation does not outpace patient safety and scientific rigor.
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Figure: Factors to consider for monitoring of Al-enabled devices.

Overview of key considerations along the continuous monitoring pathway of artificial
intelligence enabled medical devices following approval for clinical use. Physicians

should retain a central role in the “living” process of continuously evaluating model

performance and providing feedback.
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