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Abstract

The advancement of artificial intelligence has profoundly transformed medical practice. From clinical decision-
support systems to screening and diagnostic algorithms, artificial intelligence has demonstrated potential
for early diagnosis, personalized therapies, resource optimization, error reduction, and expanded access to
specialized care. However, this technological revolution imposes significant ethical challenges on the classic
principles of bioethics, such as beneficence, non-maleficence, confidentiality, and respect for patient autonomy,
enshrined since the Hippocratic Oath. The incorporation of artificial intelligence into medicine raises tensions
between automated efficiency and human values. This article reviews the literature on the primary ethical
dilemmas of applying artificial intelligence in medical practice and evaluates to what extent Hippocratic
principles can be preserved or adapted in the face of technological transformations, aiming to contribute to the
debate on the ethical directions of contemporary medicine in a scenario of increasing automation.
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Resumo

Entre o algoritmo e o Juramento de Hipdcrates: bioética na era da inteligéncia artificial

O avanco da inteligéncia artificial tem transformado profundamente a pratica médica. De sistemas
de apoio a decisao clinica a algoritmos de triagem e diagnéstico, a inteligéncia artificial tem demons-
trado potencial para diagnoésticos precoces, terapias personalizadas, otimizacado de recursos, reducdo
de erros e ampliacdo do acesso a cuidados especializados. Contudo, essa revoluc¢ao tecnologica impde
desafios éticos significativos aos principios classicos da bioética, como beneficéncia, ndo maleficéncia,
confidencialidade e respeito a autonomia do doente, consagrados desde o Juramento de Hipdcrates.
A incorporacao da inteligéncia artificial na medicina suscita tensdes entre eficiéncia automatizada e
valores humanos. Este artigo revisa a literatura sobre os principais dilemas éticos da aplicacao da inteli-
géncia artificial na pratica médica e avalia em que medida os principios hipocraticos podem ser preser-
vados ou adaptados diante das transformacdes tecnoldgicas, a fim de contribuir para o debate sobre os
rumos éticos da medicina contemporanea em um cenario de crescente automacao.

Palavras-chave: Bioética. Inteligéncia artificial. Etica médica. Autonomia pessoal.

Resumen

Entre el algoritmo y el Juramento Hipocratico: bioética en la era de la inteligencia artificial

El avance de la inteligencia artificial ha transformado profundamente la practica médica. Desde sistemas de
apoyo a la decision clinica hasta algoritmos de triaje y diagnostico, la inteligencia artificial ha demostrado
potencial para diagnosticos precoces, terapias personalizadas, optimizacion de recursos, reduccion de errores
y ampliacion del acceso a cuidados especializados. No obstante, esta revolucion tecnolégica impone desafios
éticos significativos a los principios clasicos de la bioética, tales como la beneficencia, la no maleficencia,
la confidencialidad y el respeto a la autonomia del paciente, consagrados desde el Juramento Hipocratico.
La incorporacion de la inteligencia artificial en la medicina suscita tensiones entre la eficiencia automatizada
y los valores humanos. Este articulo revisa la literatura sobre los principales dilemas éticos de la aplicacion
de la inteligencia artificial en la practica médica y evaltia en qué medida los principios hipocraticos pueden
preservarse o adaptarse ante las transformaciones tecnologicas, con el fin de contribuir al debate sobre los
rumbos éticos de la medicina contemporanea en un escenario de creciente automatizacion.
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The introduction of artificial intelligence
(Al) in medicine represents one of the greatest
technological leaps in recent health history.
From clinical decision support systems to
screening and diagnostic algorithms, Al has
demonstrated potential for early diagnosis,
personalized therapies, resource optimization,
reduced medical errors, and expanded access
to specialized care, especially in remote regions
or areas with a shortage of qualified healthcare
professionals 2. In areas such as dermatology,
radiology, and cardiology, deep learning-based
algorithms already demonstrate performance
comparable to, or even superior to, that of human
experts in specific tasks?®.

However, the rapid expansion and
incorporation of Al into clinical practice does
not occur without challenges. The accelerated
adoption of these technologies raises significant
ethical concerns, particularly regarding the
fundamental principles of bioethics. Since its
beginnings, medicine has been guided by ethical
principles aimed at protecting and promoting
patients’ well-being. The Hippocratic Oath, dating
from the 5th century BC, enshrined fundamental
values such as beneficence, non-maleficence,
confidentiality, and respect for patient autonomy—
pillars of bioethics even today*. These values were
reinforced in the 20th century by documents such
as the Nuremberg Code and the Declaration of
Helsinki, which consolidated the foundations for
ethics in research and medical practice®.

However, the advent of Al in medicine
introduces new and complex ethical challenges that
strain these principles. Among the dilemmas that
emerge are the opacity and lack of explainability
of algorithms—the so-called black boxes—which
make it difficult for physicians and patients to
understand and validate automated decisions.
This lack of algorithmic transparency compromises
the principle of autonomy by preventing fully
informed consent. In addition, questions arise
about accountability for clinical errors resulting
from Al-based decisions, with doubts as to whether
the blame falls on the physician, the programmer,
the health institution, or the algorithm itself 256,

The privacy and protection of sensitive patient
data are other critical points. Since Al relies on
large volumes of data for training and operation,
it is essential to ensure that the handling of

information complies with laws and regulations
such as Law 14,510/2022, which provides for the
provision of telehealth services?, the General
Data Protection Law (LGPD, Law 13,709/2018)8
and Resolution 2,314/2022 of the Federal
Council of Medicine (CFM), which defines and
regulates telemedicine as a form of providing
medical services?’, in Brazil; the General Data
Protection Regulation (GDPR) *° and the Network
and Information Systems (NIS Directive) *! in the
European Union; the Health Insurance Portability
and Accountability Act (HIPAA)*?2 and the Health
Information Technology for Economic and Clinical
Health Act (HITECH)® in the United States.
Violation of privacy or misuse of medical data
can have devastating consequences for patients,
including discrimination, stigmatization, and moral
and financial harm.

In addition, there is a risk of widening
inequalities in healthcare access. The deployment
of Al-based solutions, often developed in high-
income contexts, may not adequately consider
the needs, languages, and sociocultural realities
of vulnerable populations or developing countries.
This can accentuate existing disparities in the
healthcare system and compromise the principle
of distributive justice, which is fundamental
to equity in medical care 4,

Also worthy of concern is the potential
dehumanization in medicine. The physician-patient
relationship, historically centered on listening,
care, and empathy, can be negatively affected if
trust is shifted to automated systems. Excessive
technological dependence can make care more
impersonal, compromising the comprehensiveness
of care and the subjective dimension of the illness
experience *. Medical training, in this scenario,
must also be rethought, since skills such as critical
thinking, clinical judgment, and ethical sensitivity
need to be preserved and strengthened, even in
an increasingly data-driven environment .

The mismatch between the speed of
technological innovation and the capacity for
ethical and legal regulation, therefore, imposes
the urgent need to review bioethical foundations
from a new perspective. Such issues require not
only technical analysis but a rigorous bioethical
approach that considers the impact of Al on the
fundamental values that govern medical practice.
Recent literature reinforces that isolated ethical
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principles are insufficient to guarantee the moral
integrity of Al applications: a robust, transparent,
and participatory governance system involving
multiple stakeholders, including physicians,
engineers, patients, legal professionals, and
representatives of civil society, is necessary 718,

This article aims to review the existing literature
on the main ethical dilemmas related to the
application of artificial intelligence in medical
practice, to recover the Hippocratic principles, and
to analyze how they can (or cannot) be preserved
amid ongoing technological transformations.
Through critical, multidisciplinary analysis,
it aims to contribute to the debate on the ethical
directions of contemporary medicine in a context
of increasing automation.

Method

This article is characterized as a qualitative,
exploratory study, with a methodological approach
based on a narrative literature review. The objective
is to gather, analyze, and critically interpret the
scientific literature on emerging ethical dilemmas
arising from the application of Al in medical practice,
in light of the classical principles of bioethics as
established in the Hippocratic Oath.

According to Gil ¥*, bibliographic research allows
the examination of already established theoretical
contributions. It is especially useful in studies that
aim to understand and discuss topics that are
still being consolidated in academia, such as the
interface between bioethics and Al. An exploratory
approach, in turn, is suitable for the initial deepening
of a problem that is still poorly defined, as it allows
the identification of categories and gaps relevant to
future empirical investigation 2.

The methodological path followed these steps:

1) Definition of the study topic and problem
by delimiting the bioethical scope of Al’s role in
clinical and hospital contexts.

2) Systematic bibliographic survey, carried out
in the PubMed, Scopus, SciELO and Web of Science
databases, with the following descriptors and
combinations: “bioethics,” “artificial intelligence,”
“machine learning,” “medical ethics,” “Hippocratic
Oath,” “clinical decision support,” “algorithmics
bias,” among others, with the aid of the Boolean
operator “and”. Articles published between

2015 and 2024, in Portuguese and English, that
directly addressed the ethical aspects of Al in
healthcare were included.

3) Selection and screening of sources based
on reading titles, abstracts, and subsequently, full
texts. The inclusion criteria were: relevance to
the topic, publication in peer-reviewed journals,
and theoretical or practical contribution to the
ethical debate. Duplicate publications, conference
abstracts without full text, and articles with a
strictly technical or computational focus on Al,
without ethical discussion, were excluded.

4) Analysis and synthesis of results through
critical reading and thematic categorization, with
emphasis on recurring topics such as medical
autonomy, responsibility for automated decisions,
algorithmic explainability, and equity in access
to Al-based technologies.

The methodology adopted aims not only to
map the state of the art of bioethical dilemmas
in medical Al, but also to contextualize them
in light of classic Hippocratic principles—
such as beneficence, non-maleficence, and
confidentiality—and, thereby, identify points of
convergence and tension with our technological
paradigms. This approach contributes to the
critical maturation of the debate. It provides
conceptual support for the formulation of public
policies and clinical guidelines, as well as for the
development of technologies more sensitive to
the ethical principles of medicine.

Discussion

Medical ethics between Hippocrates
and the digital age

Since antiquity, medicine has been guided by
ethical principles that reflect a moral commitment
to the well-being of the patient. The Hippocratic
Oath, dating from the 5th century BC, synthesizes
this legacy and constitutes a symbolic and
normative landmark of Western medical ethics,
insofar as it enunciates fundamental commitments
such as promoting good, abstaining from causing
harm, respecting confidentiality, and the moral
conduct of the healthcare professional®. These
values, which gave rise to the bioethical pillars
of beneficence, non-maleficence, autonomy, and
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justice, have remained a moral compass throughout
the centuries, even in the face of scientific and
sociocultural transformations. However, the rise
of artificial intelligence represents a new inflection
point, as it challenges the applicability and
sufficiency of these traditional guidelines to guide
medical practices mediated by technologies that
make decisions, learn autonomously, and operate
on alarge scale?.

This transformation creates ethical challenges,
as the algorithmic logic that governs Al systems
is not always transparent or compatible with
the humanistic values of traditional medicine®.
By incorporating machine learning algorithms,
clinical decision support systems, and predictive
technologies based on big data, digital
medicine expands diagnostic and therapeutic
possibilities while also shifting the centrality
of human clinical judgment. In other words, Al
can exponentially expand the diagnostic and
predictive capacity of medical practice. However,
it can also shift decision-making authority
from professionals to complex, often opaque,
statistical models. In this context, tension
arises between the ethical tradition—anchored
in interpersonal relationships and prudent
judgment—and the new algorithmic rationality,
whose logic often becomes incomprehensible,
non-auditable, or uncontrollable?.

This technological transition imposes on
traditional bioethics the challenge of reconfiguring
its foundations so that it can guide practices
in technologized environments, i.e., in which
decisions are no longer made exclusively by
human subjects, but by hybrid systems in which
the physician delegates or shares responsibilities
with machines>?!. The medicine of the future will
thus be, in addition to human practice supported
by technology, a co-production between humans
and algorithms®. This scenario requires a profound
ethical reconfiguration that addresses issues
of shared responsibility, algorithmic justice,
transparency, and data governance. At the same
time, Hippocratic ethics continues to offer a
fundamental reference, provided it is reinterpreted
in the light of new technological mediations. As
Floridi and colleagues point out?’, the ethical
development of Al must integrate humanistic
principles from its conception, aiming to construct
a just, transparent, and dignified digital society.

Autonomy and algorithmic opacity

The principle of autonomy is central to modern
medical ethics and represents the patient’s
right to make informed decisions about their
own care. The full realization of this principle,
grounded in transparency in the physician-patient
relationship, depends on clear communication,
an understanding of risks, and active patient
participation in the therapeutic process. However,
the rise of Al, especially in forms of deep learning,
threatens to undermine this essential transparency.
Complex algorithms, trained with large volumes of
data, often operate as “black boxes,” i.e., they are
unable to explain, in a comprehensible way, how
they arrived at a particular recommendation 12422,

Such opacity undermines the basis of informed
consent, since not even healthcare professionals
fully understand the criteria algorithms use.
As Morley and collaborators?! point out, when a
physician is unable to explain to a patient how a
decision was made—whether it is a diagnosis, risk
classification, or therapeutic proposal—the very
ethical pact that underlies autonomy is shaken.
Instead of making their own decisions, the patient
becomes dependent on a system whose logic
is inaccessible to them.

Furthermore, algorithmic opacity introduces
new layers of informational asymmetry. Patients
with lower levels of education, limited digital
access, or low health literacy are even more
vulnerable to a loss of autonomy, as they face
additional barriers to understanding decision-
making processes. As argued by the authors,
autonomy is not only an individual right but a
relational phenomenon that requires appropriate
contexts for its exercise—among them, access to
clear and intelligible information®.

The issue is exacerbated when considering
the ambiguity surrounding the ethical and legal
responsibility for Al-aided decisions. When a
clinical decision is made based on algorithmic
recommendations, who should be held
accountable for its results? The physician? The
algorithm developer? The institution>? The lack of
clarity regarding moral accountability—what some
authors call an “ethical vacuum” 2*—compromises
not only autonomy, but the very legitimacy of care.

In this scenario, it becomes urgent to move
toward more explainable and auditable systems?*.
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Algorithmic transparency, coupled with the
development of participatory consent and
mediation mechanisms, is essential to preserving
patient autonomy in an era dominated by
automated decisions.

Beneficence and risk of algorithmic bias

As a moral obligation to act in the patient’s best
interest, beneficence takes on new dimensions
in medicine mediated by artificial intelligence.
Al tools have demonstrated, in several studies,
accuracy comparable to or superior to that of
humans in tasks such as interpreting radiological
images for skin cancer classification! and
predicting cardiovascular events?2. However,
this technical superiority does not imply ethical
neutrality. As some authors warn, the performance
of algorithms depends heavily on the quality,
diversity, and representativeness of the data used
in their training 2%,

Several studies indicate that systems trained
with historically biased data tend to replicate
and even amplify pre-existing inequalities.
An emblematic example is the population health
management algorithm that underestimated
the severity of the condition of black patients,
as it used the cost of health care as a proxy 4,
an indicator influenced by structural inequality.
The uncritical application of these systems can
therefore violate the principle of beneficence
by producing discriminatory and ineffective
outcomes for certain groups.

Furthermore, the risk of algorithmic bias is not
limited to racial or socioeconomic issues. Even
systems developed for automated recruitment
have shown gender bias, penalizing female
candidates?, and have also demonstrated inferior
performance in Black populations, older people,
or patients with multiple comorbidities, reflecting
biases in the representativeness of training data.
When this type of logic is transferred to the field
of health, the potential for ethical harm increases,
as clinical decisions can determine life-or-death
outcomes. Instead of promoting good, Al can
inadvertently reinforce discriminatory patterns
and hinder equitable access to quality care—
thereby violating the principle of beneficence
and undermining the Hippocratic ideal of treating
all patients equally.

In this context, beneficence requires not only
technical effectiveness but also constant vigilance
over the equity of Al systems. It is necessary to
develop algorithmic audit methodologies capable
of identifying discriminatory patterns, correcting
biases, and ensuring that the benefits of Al are
distributed fairly¢. Ethical evaluation should be
part of the system’s life cycle itself, from design
to clinical implementation %.

Non-maleficence and invisible harm

Non-maleficence, an ethical principle expressed
by the maxim “primum non nocere” —that is, “first,
do no harm” —requires professionals to avoid or
minimize harm to the patient’s health and well-
being during medical care. In the context of Al,
however, this understanding should be broadened
to encompass unintended risks, since harm is not
always visible, immediate, or direct, and this does
not minimize the potential for significant harm to
patients’ health, integrity, or dignity. The use of
automated systems can lead to unintended clinical,
psychological, and social consequences, often
imperceptible at the beginning, but with profound
effects in the medium and long term 223,

Among the most discussed risks are diagnostic
errors caused by system malfunction, inadequate
interpretation, or out-of-scope use. Even though
Al can offer superior accuracy in certain contexts,
it is as fallible as the data and parameters that
inform it. Automated clinical decisions can ignore
patient singularities and lead to inappropriate
conduct in complex or atypical situations?.
This can be even more problematic when
professionals overconfidently rely on algorithmic
recommendations, a phenomenon known
as automation bias.

Another relevant ethical risk is the dehumanization
of care, since, with the advancement of technology,
there is a tendency to value what is quantifiable and
predictable to the detriment of subjectivity?. The
replacement of clinical listening with interaction
with digital interfaces can reduce the space for
the expression of the patient’s suffering, fear, and
vulnerability, resulting in the dehumanization
of care and neglect of subjective and affective
aspects essential to the experience of illness?. This
affective emptying, although difficult to measure,
constitutes a type of invisible damage—emotional
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and existential—that contradicts the integrality of
Hippocratic care.

In addition, the use of Al in health can generate
adverse collective effects. Security failures, data
leaks, or biased systemic decisions undermine
society’s trust in health systems. Non-maleficence,
here, must go beyond the individual dimension
and consider the systemic and institutional ethical
impacts of automation.

Incorporating robustness, traceability, and
continuous auditing measures to mitigate these
risks is essential 2. Transparency, reviewability, and
the possibility of “human override” (the ability to
intervene or replace Al decisions with a human
being) are indispensable ethical components
for medical Al to operate under the principle
of non-maleficence?*. The technology must be
tested not only for its efficiency, but also for
its ethical resilience.

Justice, equity, and digital access
to Al in health

The principle of justice, understood as the
obligation to treat everyone equitably and to
promote fair access to health resources, acquires
new layers of complexity in the age of artificial
intelligence. If, on the one hand, Al promises
to expand the reach of medical care through
telemedicine, remote screening, and automated
diagnoses, on the other hand, these technological
advances often encounter structural barriers
that deepen existing inequalities 22827,

Literature shows that low- and middle-income
countries, as well as peripheral regions and
vulnerable communities, often lack the minimum
infrastructure needed to implement Al-based
solutions: connectivity, system interoperability,
professional training, equipment, and public
policies geared toward digital inclusion ??:3°,
The absence of these conditions compromises not
only the effectiveness of the technologies but also
the equity in the distribution of their benefits.

Social justice should be a guiding principle
in the development of Al technologies, to avoid
the creation of a “two-speed” medicine: one
of high performance and precision, for those
who can pay; another, limited and conventional,
for those who depend on the public system?’.
The commodification of Al in healthcare can

widen the gap between patients from different
social classes and consolidate what has been
called “automated injustice” 3.

This risk requires a regulatory approach focused
on distributive justice. Global ethical guidelines on
Al converge on the need for policies that promote
inclusive access, representative data, and the
participation of underrepresented populations in
the design and validation of systems?®. In Brazil, for
example, the ethical implementation of Al depends
on investments in public digital health, incentives
for interoperability, and professional training 2.

Therefore, justice in the age of Al is not just
a matter of resource distribution, but also of
epistemological inclusion. Historically marginalized
groups must be incorporated into the technological
development process, from data production to the
formulation of validation criteria. Only in this way
will it be possible to build a truly plural artificial
intelligence committed to the Hippocratic values
of universal medicine.

Confidentiality, LGPD, and the
new ethics of privacy

Medical confidentiality is one of the oldest
pillars of professional ethics in healthcare.
Since the Hippocratic Oath, preserving the
secrecy of information obtained during care
has been considered a moral and legal duty.
However, Al, by operating with large volumes of
sensitive data, poses unprecedented challenges
to this principle 2.

Al systems depend on extensive clinical data
for training, validation, and real-time operation.
Often, there is highly identifiable information,
such as medical images, genomes, medical records,
and personal metadata. Even anonymization
techniques can be ineffective, as algorithms
can re-identify individuals by cross-referencing
data %, The massive collection of this data, often
in the background (via apps, wearables, online
portals), challenges the ability to obtain informed
consent and the ethical governance of these
information banks.

In Brazil, the LGPD?8, which establishes guidelines
for the processing of personal data, requires a
clear legal basis, data minimization, revocation
mechanisms, the right to portability, deletion, and

Rev. bioét. 2026; 34: e4TI6EN  1-12

http://dx.doi.org/10.1590/1983-803420264116EN



Between the algorithm and the Hippocratic Oath: bioethics in the age of artificial intelligence

informed consent, especially in relation to so-called
“sensitive data,” such as health data.

The regulation of telehealth in Brazil, through
Law 14,510/20227, reinforces the obligation
to preserve the integrity, confidentiality, and
availability of digital information in remote care.
CFM Resolution 2,314/2022° establishes that the
physician must guarantee, through appropriate
technological means, the protection of patient
data and inform them about the risks of virtual
care. Thus, these regulations converge to build
a secure, ethical, and patient-centered digital
ecosystem when medical services are provided
in Brazilian territory.

In the international context, HIPAA*? and
HITECH ®® stand out in the United States, which
define standards for the security, integrity,
and auditing of digital clinical data; and the
GDPR ™ and NIS Directive!! in Europe, which
establish the principle of privacy by design (a data
protection principle according to which privacy
should be incorporated from the initial stages of
the development of systems, products, services
or processes) and require accountability from
data controllers and cybersecurity in critical
sectors such as health.

These laws indicate that contemporary medical
ethics must incorporate a bioethics of data: a set
of ethical and technical responsibilities aimed
at protecting the privacy and informational self-
determination of patients. We live in an era of
“surveillance capitalism,” in which personal data
is continuously collected and traded, so that the
protection of confidentiality is not only a technical
issue, but also a political and cultural one .

Moral responsibility and accountability
in hybrid systems

With the introduction of artificial intelligence
into clinical practice, the traditional notion of
moral responsibility—centered on the figure
of the physician as an autonomous decision-
maker—is undergoing profound transformation.
In environments where clinical decisions are
shared between humans and algorithms, the
line between causality, responsibility, and guilt
becomes blurred *.

This ambiguity is known in the literature as the
“responsibility vacuum” 2® and is characterized by

the difficulty of assigning responsibility in cases
of Al-assisted medical error. For example, if an
algorithm recommends a course of action based
on statistical evidence and the physician follows it,
causing harm to the patient, who is responsible?

The literature proposes the concept of
“shared responsibility,” which recognizes the
multiplicity of agents involved, from programmers
and data scientists to hospital and medical
factors . However, simply recognizing this
complexity does not resolve the ethical dilemma,
as it can dilute the guilt effect, weakening
institutional accountability mechanisms *.

In response to this challenge, authors advocate
developing ethical and legal norms that hold all
parties accountable, with an emphasis on the
auditability of systems and the traceability of
decisions. This implies, for example, that every
Al system used in healthcare must maintain
accessible records of the data used, the models
applied, the recommendations issued, the contexts
in which they were issued, and by whom?®.

In clinical practice, physicians must maintain
critical autonomy in the face of automated systems
and use them as support tools, not as substitutes
for clinical judgment. Al should be an “augmented
intelligence”?, not an autonomous authority.
Resuming the centrality of the physician as the
guardian of clinical judgment, even in advanced
technological contexts, can be a way to rebalance
the Hippocratic principle of prudence with
innovation. In this sense, preserving the ethical
centrality of the physician in the decision-making
process is a means of protecting both patient
safety and the integrity of the medical profession.

Crisis of the physician-patient relationship
in the algorithmic age

Traditional medicine has always been
built on a complex interpersonal relationship,
marked by active listening, empathy, trust, and
humanized clinical judgment. However, the
increasing mediation of medical practice by digital
systems—from automated screening by chatbots
(programs developed to simulate conversation
with human beings through natural language) to
clinical decision-making algorithms—threatens to
reduce the subjective and ethical dimensions of
the interaction between physician and patient 2%,
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Some authors point out that, by prioritizing
efficiency, standardization, and objectivity,
Al-based systems tend to marginalize humanistic
aspects of care, such as understanding the patient’s
suffering, pain, or expectations?. The Hippocratic
model presupposes a physician who knows the
patient in their entirety—biological, emotional,
and social - and who, therefore, can adapt conduct
ethically and prudently. However, the excessive use
of technology can lead to the so-called “algorithmic
depersonalization” of care, in which the patient’s
subjectivity is reduced to numerical or probabilistic
variables, with no room for personal narratives
or singularities ?. In addition, trust, which is an
essential component of the therapeutic alliance,
can be transferred to technology—a phenomenon
known as trust displacement—which weakens the
bond with the professional, impairs treatment
adherence, and creates unfounded expectations
of technical infallibility 3.

Additionally, the use of Al in early stages of
care, such as automated screening by chatbots,
can reduce human contact at crucial moments
for the patient, generating insecurity, loneliness,
or a feeling of abandonment. Technology tends to
devalue listening and clinical intuition—abilities
that, although not quantifiable, are essential to
recognizing human suffering in its complexity 7.

This scenario challenges the physician’s very
identity. If before he was seen as a caregiver and
advisor, today he risks being reduced to a technical
systems operator, losing ground to clinical reasoning
and the ethics of the encounter. It is important to
reclaim the notion that medicine must be, above
all, a commitment to the well-being of the other3—
something that cannot be delegated to machines,
however efficient they may be.

To face this crisis, it becomes urgent to promote
medical training focused on digital ethics, critical
thinking about Al, and the development of
communication skills for technology-mediated
interactions . Restoring the centrality of the
human relationship in care is an ethical imperative
that no innovation can replace.

Reinterpretation of Hippocratic principles
in the 21st century

The analysis of the reviewed studies reveals that
the ethical principles enunciated by Hippocrates

remain a valuable moral basis for contemporary
medicine but require reinterpretation in light of
the challenges posed by artificial intelligence.
This reinterpretation can be summarized
in four movements:

1) Autonomy 2.0: patient autonomy, in the
context of Al, is not limited to the choice of
treatments and includes the right to explanation,
algorithmic non-discrimination, and protection
of sensitive data. This gives rise to the need
for expanded informed consent, capable of
addressing technological risks and the functioning
of automated systems 2.

2) Inclusive beneficence: doing good requires
ensuring that the benefits of technologies are
distributed equitably. This implies monitoring
data biases, prioritizing the ethical development
of algorithms, and preventing innovations from
increasing social inequalities 4.

3) Systemic non-maleficence: preventing
harm means not only avoiding clinical errors,
but also anticipating systemic consequences
of automation, such as digital exclusion, loss of
medical skills, and the distortion of care based
on Hippocratic principles 2.

4) Digital justice: justice in the age of Al
requires that all those involved have access to
safe, effective, and ethically designed technologies.
Algorithmic governance must consider cultural
pluralism, diversity of contexts, and respect for
patients’ fundamental rights'’.

Thus, the Hippocratic legacy is not discarded,
but updated, functioning as a living ethical
matrix that can guide moral decisions in complex
techno-scientific environments.

Bioethical proposals for
patient-centered Al

Based on the reviewed literature, some
bioethical guidelines for the development and
application of Al in medicine can be outlined:

1) Transparency and algorithmic explainability:
systems must be auditable and understandable,
to allow the physician and patient to understand
the criteria for the suggested decisions *%.

2) Dynamic informed consent: mechanisms for
continuous and contextualized consent should be
developed in a way that adapts to the interactive
nature of digital technologies .
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3) Inclusive participation: Al development
should include multiple actors, with special
attention to the voices of end users—physicians
and patients—to ensure alignment with
clinical values 2>,

4) Ethical governance: Al implementation
should be accompanied by multidisciplinary ethics
committees that review its impacts in real time,
to promote accountability adjustments 8%,

5) Medical education for the digital age:
medical curricula should include training in
technology ethics, data literacy, and critical
thinking about Al, to avoid uncritical dependence
or irresponsible delegation *.

These proposals, although still under
construction, point the way to a more ethical,
transparent, and human dignity-centered
algorithmic medicine.

Limitations of the current literature
and gaps for future studies

Despite the growing scientific literature on Al
ethics in medicine, the field presents significant
gaps. First, there is a predominance of theoretical
and normative studies, with a scarcity of empirical
data on physicians’ and patients’ experiences
in real-world contexts of Al use. The absence
of qualitative studies limits the understanding
of how ethical dilemmas manifest themselves
in everyday practice 2.

Second, many studies have a Euro-American
focus and therefore disregard digital inequalities
and the cultural, legal, and social specificities of
other contexts, such as those in Latin America
and Africa. Studies on algorithmic justice need
to incorporate post-colonial and global health
perspectives, at the risk of repeating technocentric
and exclusionary patterns® and reproducing
historical exclusions with a technological veneer.

Furthermore, there is a lack of integration
between legal, clinical, and ethical frameworks.
Few models offer practical guidance that
articulates the requirements of the LGPD, medical
ethics, and clinical efficiency in a single framework.
In this sense, there is an urgent demand for
interdisciplinary research that engages with law,
sociology, computer science, and moral physiology,
and engagement with patients and the expansion

of ethical deliberation forums can be promising
paths, without losing innovation.

The ethical advancement of Al in medicine
requires not only technical innovation but also
public and institutional commitment to human
dignity. Preserving the spirit of the Hippocratic Oath
while adapting it to digital times is the greatest
challenge—and the greatest opportunity—of
contemporary bioethics.

Final considerations

Artificial intelligence represents one of the most
significant transformations in medical practice in
the 21st century. While it offers powerful resources
for personalized diagnoses, prognoses, and
therapies, its large-scale adoption poses profound
ethical challenges that reconfigure the traditional
foundations of medicine. These transformations
demand not only technical updates for healthcare
professionals but also critical reflection on the
values that should guide their use.

A critical analysis of the literature reveals
that the Hippocratic principles of beneficence,
non-maleficence, autonomy, and justice remain
fundamental but need to be reinterpreted in
light of the risks and potential of the digital
age. Autonomy, for example, can no longer
be guaranteed solely by traditional informed
consent: it requires algorithmic explainability and
transparency of automated decisions. Beneficence
demands constant vigilance against biases in
data and machine learning systems, which can
compromise the quality and equity of care. Non-
maleficence requires a systemic, interdisciplinary
approach that accounts for the unintended effects
of algorithms in clinical practice. Furthermore,
justice implies a commitment to democratizing
access to technologies to avoid the concentration
of resources in privileged contexts.

In addition, national and international legal
frameworks provide an important normative
basis but remain insufficient to address
the ethical complexities introduced by Al
systems in healthcare. While they provide
relevant guidelines for data protection and
information security, many of these regulations
still do not fully address the challenges of
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algorithmic autonomy, responsibility in hybrid
(human-machine) systems, and transparency
in deep learning models, which are often
considered “black boxes.”

In this context, contemporary bioethics needs
to evolve to incorporate, in a truly interdisciplinary
way, the concepts of algorithmic governance,
protection of sensitive data, distributive justice,
and moral accountability. This involves the active
participation of healthcare professionals, jurists,
engineers, philosophers, and representatives of
civil society in the formulation of public policies
and clinical guidelines. The ethical development
of Al in health cannot be the sole responsibility of

programmers or technology companies: it must be
a joint effort, guided by human well-being.

Preserving the spirit of the Hippocratic Oath
does not mean resisting technological progress,
but rather ensuring that innovation serves
human dignity, equity, and compassionate
care. It is up to medicine, ethics, and law to
jointly build a model of artificial intelligence
that, rather than merely learning from data,
respects the fundamental values of life and
care. Ultimately, the true advancement of digital
medicine will depend not only on the ability to
predict diseases but also on promoting humanity
in every automated decision.
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