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1. Introduction

Biomedical ethics has shifted from a largely “case-based” discipline to a systems-facing field that
must address ethical risk embedded in technologies, institutions, and data infrastructures [1]. The
growth of Al-enabled diagnostics and triage tools, expansion of electronic health records, and rise
of data-intensive research networks have intensified ethical questions around transparency,
accountability, consent, privacy, and fairness [2][3][4]. At the same time, public health
emergencies and resource scarcity have foregrounded distributive justice, pushing rationing and
triage ethics from theoretical debate into routine policy design [5][6]. These converging pressures
illustrate why modern biomedical ethics must integrate clinical ethics, research ethics, data ethics,
and governance ethics rather than treating them as separate silos [7][8].

2. Foundational Principles and Their Contemporary Interpretation

The four-principle approach remains a widely used structure for analyzing biomedical dilemmas,
but contemporary scholarship emphasizes that ethical reasoning typically involves principle
conflicts rather than single-principle application [9]. In practice, autonomy is increasingly
operationalized through shared decision-making and meaningful consent processes, while
beneficence/non-maleficence are complicated by uncertainty in emerging technologies and rapid
innovation cycles [10][11]. Justice, often discussed abstractly in earlier bioethics, has gained
practical urgency through the ethics of allocation, inequity, and algorithmic discrimination [12][13].

In research contexts, the ethical scope of “harm” has expanded beyond physical injury to include
privacy loss, informational harms, group harms, discrimination, and downstream misuse of
biomedical data [14][15]. Therefore, a modern interpretation of core principles must include
governance mechanisms that manage risk across datasets, institutions, and time [16].

3. Ethical Conflicts in Clinical Practice
3.1 Autonomy vs Beneficence (and the limits of paternalism)

Clinical ethics frequently involves balancing respect for patient autonomy with clinician duties to
promote welfare. This is particularly visible in refusal of recommended interventions, high-risk
decisions, and situations where patient preferences conflict with evidence-based care.
Contemporary frameworks emphasize that ethical practice requires transparent communication of
options, risks, and uncertainties and supports decision models that incorporate patient values
(shared decision-making literature and practice models remain central, even as systems grow more
complex). (Elwyn et al., 2012 is foundational here, but modern SDM practice discussions continue
to build on this tradition.)[17]

3.2 Non-maleficence vs Innovation (uncertainty ethics)

Innovation-driven medicine—experimental procedures, novel biologics, and technology-mediated
care—often introduces uncertain risk profiles, challenging non-maleficence and informed consent
standards [18]. When the evidentiary base is incomplete, ethical permissibility depends heavily on
proportionality (expected benefit vs plausible harm), transparency about uncertainty, and oversight
[19].

3.3 Justice vs Scarcity (triage, rationing, and crisis standards)
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Scarce resource allocation has become a defining ethical issue in modern healthcare systems,
especially during public health emergencies. In COVID-19-era triage ethics, prominent
frameworks emphasize maximizing benefits, treating people equally, promoting instrumental
value, and prioritizing the worst off—yet these values can conflict in implementation [20].
Practical rationing systems often require procedural fairness: clear criteria, transparency, appeals,
and consistency across institutions [21][22].

Methodology

A qualitative narrative review methodology was used in this article to critically explore
contemporary issues, principles, and challenges (for example, during the global COVID-19
pandemic) in biomedical ethics. The design was a comprehensive review of published literature,
international ethical standards, policy documents and peer-reviewed research in the fields of
bioethics, governance of healthcare systems, artificial intelligence (AI), digital health, public
health and biomedical research. The initial baseline was developed by identifying relevant sources
through searches performed within Scopus, Web of Science, PubMed and Google Scholar using
keywords related to biomedical ethics/clinical ethics/research ethics/artificial intelligence in
healthcare/health data governance/informed consent/algorithmic biasand healthcare justice. Of
other theoretical works, priority was given to the most influential ones as well as more recent
empirical studies and accounts published by international organisations. MethodsWe conducted a
thematic analysis of the identified literature to extract overlapping ethical principles, consensus
recommendations, and governance frameworks applicable at health care systems level. Especially
with regard to biomedical research, technology-mediated health care settings, and clinical practice
in relation to autonomy, beneficence (and its corollary maleficence), and justice. The review also
summarised ethical issues regarding data-intensive research, digital health infrastructures, resource
allocation and implementation of Al in decision-making processes within healthcare. Comparative
synthesis was performed to combine insights from clinical ethics, research ethics, public health
ethics and technology ethics in order to identify key ethical tensions and governance needs that are
likely to be common across these concerns. The study adopted an interdisciplinary and
governance-oriented analytical framework to provide a fundamental understanding of the changing
landscape of biomedical ethics arising from technological advances, more usages of data and
challenges in global health systems which can inform policy decisions, institutional justification,
regulatory compliance and ethical decision making.

Result and Discussion
4. Research Ethics in the Data-Intensive Era
4.1 Evolving consent and governance

Traditional informed consent models are strained by contemporary research designs involving
broad data reuse, data linkage, and secondary analyses that extend beyond the original consent
context. The “expiry problem” of broad consent highlights how shifts in research purpose, methods,
and governance over time can undermine the legitimacy of a one-time consent decision. Recent
work argues for governance models that combine consent with ongoing oversight, public
engagement, and transparency about data flows and reuse.

4.2 Ethical integrity of the evidence base

Beyond participant protection, research ethics includes responsibility for the reliability of
knowledge used to guide clinical practice. Reproducibility concerns are now widely recognized as
a structural ethical issue because unreliable findings can propagate into harmful clinical decisions
and policy choices. Ethical research governance therefore spans publication practices, transparency,
and incentives that shape evidence quality.
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5. Emerging Ethical Challenges
5.1 Artificial intelligence: bias, accountability, explainability

Al ethics in healthcare is now dominated by concerns about bias, accountability, and transparency.
Empirical evidence has demonstrated that widely deployed health algorithms can reproduce
structural inequities when they use biased proxies (e.g., healthcare cost as a proxy for medical
need), producing racially unequal outcomes even without explicit race variables. Ethical and legal
analyses emphasize unresolved questions of liability when Al recommendations contribute to harm
and the need for governance measures (auditability, human oversight, traceability, and
documentation) to maintain safety and fairness. Global guidance frameworks increasingly
converge on principles of human rights protection, fairness, transparency, and accountability.

5.2 Digital health and big data: privacy, ownership, secondary use

The ethics of biomedical big data emphasizes that privacy risks are amplified by scale, linkage,
and inference—often outpacing user understanding and traditional consent approaches.
Governance-oriented research argues that public support for data sharing is frequently conditional
on trust, confidentiality, and robust oversight mechanisms rather than “data openness” alone.
Cross-border data sharing adds additional ethical complexity involving jurisdictional differences
in protection standards and enforcement.

5.3 Ethical governance standards: international convergence

International norms increasingly provide a governance backbone for Al and digital health ethics.
WHO’s guidance frames core concerns around protecting autonomy, ensuring inclusiveness and
equity, promoting transparency, and maintaining accountability. UNESCO’s Recommendation on
the Ethics of Al emphasizes human rights and dignity, and is positioned as an applicable standard
across member states. OECD Al principles similarly frame trustworthy Al around fairness,
transparency/explainability, robustness, and accountability.

6. Global and Social Dimensions of Biomedical Ethics

Ethical debates in global health increasingly focus on structural inequities, distribution of
innovation benefits, and obligations across borders. While classic global health ethics texts remain
foundational, recent narrative and analytic work continues to argue that inequity is not merely a
“resource problem” but a governance and justice problem that shapes preventable morbidity and
mortality. Global research partnerships further raise concerns about fair benefit sharing,
exploitation risk, and the ethics of conducting data-intensive research across unequal settings.

7. Ethical Decision-Making Models for Practice

Modern ethical decision-making is increasingly framed as a procedural and governance task, not
only a bedside judgment. Recommended components include: identifying stakeholders, clarifying
value conflicts, reviewing evidence quality, assessing proportionality, and documenting reasoning
for transparency and accountability. For Al-supported decisions, organizations are encouraged to
implement structured oversight—impact assessment, bias audits, monitoring, incident reporting,
and clear human responsibility pathways.

Conclusion

Biomedical ethics is entering a phase where core dilemmas are increasingly generated by systems,
technologies, and data infrastructures. Ethical practice therefore requires not only principled
reasoning but also governance mechanisms that enforce fairness, accountability, and transparency
across the lifecycle of care and research. Evidence of algorithmic bias in deployed systems
illustrates why ethical oversight must be empirical, continuous, and equity-centered. Similarly, the
limits of traditional consent models in data-intensive research support a shift toward governance-
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based legitimacy that adapts over time. Strengthening ethics education, institutional accountability,
and trustworthy governance is essential for protecting patient rights, promoting equity, and
sustaining public trust in modern healthcare.
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