Aligning XAI with EU Regulations for Smart Biomedical
Devices: A Methodology for Compliance Analysis

Francesco Sovrano![0000-0002-6285-1041] "Nfichael Lognoul2[0009-0005-5137-8278] and Giulia Vi-
lone [0000-0002-4401-5664]

! Universita della Svizzera italiana, Via la Santa 1, 6900 Lugano, Italy
2 University of Namur (CRIDS-NADI), Rue de Bruxelles 61, 5000 Namur, Belgium

Keywords: XAlI, Legal XAI, Compliance with explanation requirements, medi-
cal devices.

Abstract

Context, issue and objective. Incorporating Al into medical devices represents a
tremendous leap in medical technology: this integration results in substantial improve-
ments in patient care [1]. A key evolution is the shift from open-loop systems, where
physicians interpret data to inform decisions, to more sophisticated closed-loop and
semi-closed-loop systems, where devices autonomously or semi-autonomously adjust
their operations based on continuous monitoring. However, a critical challenge with
such advanced Al systems in healthcare is their ‘black box’ nature [2].

In parallel, several EU regulatory frameworks require transparency and the provision
of explanations in various situations, including when medical devices are at stake, to
ensure Al technologies’ transparency, fairness, and accountability [3]. For instance,
these devices must comply with the General Data Protection Regulation (GDPR), the
Artificial Intelligence Act (AIA), and the Medical Devices Regulation (MDR), each
contributing unique requirements related to transparency and explainability. This is
where Explainable Artificial Intelligence (XAI) plays a crucial role, offering tools to
help comply with the legal framework and make the inner workings of complex systems
more understandable to the diverse stakeholders involved in their operation [4].

However, navigating the complex regulatory landscape poses significant challenges
for developers and researchers. Selecting and implementing the correct XAl algorithms
to reach compliance with EU regulations is a major hurdle [5] [6]. To help tackle this
issue, we carried out a thorough analysis of various XAl algorithms to determine if they
can help satisfy explainability requirements set by the GDPR, the AIA, and the MDR.
To this end, we have developed a novel methodology, to evaluate and understand the
role of XAl in adhering to the legal frameworks studied.

Main contribution: a novel methodology. Our methodology, summarized by Fig.
1, comprises the following five steps. 1. Adoption of Explanation and Explainability
Definitions. To map XAl methods with legal explanatory requirements, we adopted the
definition formalized by Sovrano and Vitali [7], which conceptualizes explanations as
answers to questions that produce understanding. According to this definition, an
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explanation provides sufficient information for an audience’s understanding. 2. Legal
Analysis of Explanation Requirements. A legal expert thoroughly analyzed the GDPR,
Al Act, and MDR to pinpoint their explanation requirements and characteristics. Then,
following an inductive coding approach [8], the legal expert identified the high-level
explanatory goals underlying these requirements. 3. Identification and Classification of
XAI Methods. Concurrently, two Al experts conducted a literature review to compile a
comprehensive (but not exhaustive) list of existing XAl methods and categorized them
based on their explanation format, input format, and model-agnostic status to discern
the types of explanatory questions they could address. We then used a question-driven
design process in which XAI methods are mapped to explanatory questions based on
their characteristics [9]. 4. Aligning XAI Methods with Legal Requirements. By per-
forming a deductive thematic analysis [8], we mapped the XAI questions to the legal
explanatory goals enshrined in the GDPR, AIA, and MDR. This was possible precisely
because the adopted working definition of explanation is ‘answers to questions’. Even-
tually, we could identify congruence where XAl capabilities can be exploited to help
meet the stipulated legal explanation requirements. This matching process ensures that
the selection of XAI methods is technologically sound and legally robust. 5. Case Stud-
ies. We ultimately illustrated our findings with two use cases in the field of medical
devices incorporating complex, black-box Al systems.

Beyond the proposed matching between (i) explanation requirements arising from
GDPR, AI ACT or MDR and (ii) XAl methods, we developed a set of instructions to
aid developers and researchers in selecting the most appropriate XAl algorithms for
different medical devices. These instructions and the methodology developed in the
paper provide a fundamental framework designed to be flexible and seamlessly incor-
porate newly emerging XAl algorithms and evolving regulations.
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Fig. 1. Schematic overview of our research methodology for integrating legal requirements and
XAl tools.
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