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We are writing to highlight the urgent need to integrate
technoethics into medical education and continuous pro-
fessional development, particularly in the acquisition and
maintenance of clinical artificial intelligence (AI) skills
among healthcare personnel. The rapid advancements
in AI within the field of medicine require a shift in per-
spective: Al-related competencies should extend beyond
technical experts and be recognized as essential clinical
skills for all healthcare providers.

Technoetics is a term coined by Roy Ascott, a British
artist and theorist, that refers to the intersection of tech-
nology and consciousness. It explores how digital media,
cybernetics, artificial intelligence, and immersive tech-
nologies (such as virtual reality, augmented reality, and
telepresence) influence human perception, cognition,
and creativity [1]. In the context of healthcare, this means
ensuring that Al is designed and deployed in ways that
promote equity, transparency, and patient-centered care
while safeguarding against biases, ethical risks, and unin-
tended harm. AI should not only complement but also
enhance human decision-making, fostering a healthcare
system where technological progress aligns with funda-
mental ethical responsibilities. The ethical integration of
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Al into clinical practice demands that healthcare profes-
sionals receive adequate training in evaluating Al out-
puts critically and responsibly, ensuring that they remain
active stewards of patient welfare rather than passive
adopters of automated recommendations.

As Pettigrew et al. articulate in their concept of "Phy-
sicianeers," the future of medicine requires clinicians to
bridge engineering and medical sciences, ensuring that
technological advancements are seamlessly incorporated
into patient care [2]. However, this vision cannot be real-
ized without a foundational emphasis on digital literacy
underscoring the necessity for structured educational
programs that equip medical professionals with the abil-
ity to critically assess, interpret, and apply Al-driven
insights in their practice [3].

Moreover, the ethical and regulatory frameworks must
evolve to support responsible Al adoption [4]. One cru-
cial aspect of this evolution is ensuring that Al literacy
is embedded within medical curricula and sustained
through lifelong learning initiatives. This approach not
only mitigates risks associated with AI deployment but
also empowers clinicians to harness these tools effec-
tively and ethically.

Beyond mere proficiency, the ethical implications of
Al in medicine demand a framework that emphasizes
responsibility, transparency, and accountability. Tech-
noethics must guide the integration of Al into medi-
cal practice to ensure that algorithmic decision-making
remains a tool to enhance, rather than replace, human
clinical judgment. Al should be developed and applied in
ways that uphold patient autonomy, equity in healthcare
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Fig. 1 A word cloud representing key concepts in the integration of technoethics into medical education and clinical practice

access, and the fundamental principles of medical eth-
ics. Clinicians must be equipped not only with technical
knowledge but also with the ability to critically evaluate
Al recommendations and maintain their role as the ulti-
mate decision-makers in patient care.

An essential component of this transformation is the
concept of "Intelligent Time," where generative Al can
be leveraged to automate bureaucratic and administra-
tive tasks [5]. By offloading time-consuming documen-
tation and data processing to Al systems, healthcare
professionals can redirect their focus toward patient care,
critical decision-making, and human-centered aspects
of medicine. This paradigm shift has the potential to
alleviate burnout and enhance the quality of care deliv-
ered in high-pressure environments such as anesthe-
sia and critical care. However, effective implementation
requires ensuring that Al-driven automation remains
a support tool rather than an additional burden that
demands excessive oversight from already overworked
professionals.

Furthermore, the European TRAIN Initiative, as dis-
cussed by van Genderen et al. [6], emphasizes the neces-
sity of human-centered and trustworthy AI within
healthcare. The EU AI Act highlights the importance
of regulatory frameworks that ensure transparency,
accountability, and robustness in Al applications. The ini-
tiative’s approach to responsible Al implementation dem-
onstrates the need for standardized training programs
that align with evolving regulations and provide health-
care institutions with the tools necessary for ethical Al
integration.

Bowness et al. further highlight the growing necessity
of medical leadership in AI development to ensure its
meaningful integration into clinical practice. They argue
that the medical community must actively engage in
shaping Al applications to align with patient care needs
rather than leaving these decisions solely to industry
leaders. This reinforces the importance of embedding Al
education into medical curricula to cultivate a generation
of clinicians who are not only technologically proficient
but also capable of guiding Al implementation in an ethi-
cal and clinically relevant manner [7].

Additionally, You and colleagues propose a clinical tri-
als-informed framework for real-world Al implementa-
tion in healthcare. They emphasize the importance of a
phased approach—covering safety, efficacy, effectiveness,
and monitoring—to ensure that Al tools undergo rigor-
ous validation before integration into clinical practice.
This structured methodology aligns with the principles
of technoethics by prioritizing patient safety, transpar-
ency, and equity while fostering a culture of responsible
Al deployment in medicine [8].

Therefore, we urge academic institutions, profes-
sional societies, and healthcare organizations to recog-
nize Al proficiency as a core clinical competency. The
integration of Al-focused training must extend beyond
medical school, fostering a culture of continuous learn-
ing that ensures clinicians remain adept at utilizing
evolving technologies while upholding ethical stand-
ards. Al education should not be an isolated subject
but rather an integrated part of medical training, seam-
lessly incorporated into clinical scenarios, case-based
learning, and practical applications.
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The future of medicine will be defined by the sym-
biotic relationship between human expertise and Al
capabilities. By embracing technoethics as a guiding
principle, we can ensure that Al serves as a catalyst for
improving healthcare outcomes while reinforcing the
irreplaceable role of human judgment, empathy, and
ethical responsibility in medical practice. Figure 1 high-
lights crucial themes such as Technoethics, Intelligent
Time, Clinical Skills, AI in Critical Care, Digital Liter-
acy, and Medical Training, emphasizing the ethical and
practical considerations necessary for responsible Al
adoption in healthcare. The prominence of terms like
Physicianeers, Al Proficiency, and Ethics in AI under-
scores the need for structured training programs that
align with the evolving role of artificial intelligence in
medicine.
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