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ABSTRACT

Introduction: artificial intelligence (Al) is reshaping how diseases are diagnosed, treated and monitored, integrating machine learning,
deep learning and natural language processing into the analysis of large volumes of clinical data. Objective: to comprehensively analyze
the impact of artificial intelligence on medicine, examining its main diagnostic, therapeutic and clinical-management applications, as
well as the challenges, limitations and ethical considerations that condition its safe, equitable and patient-centered integration. Deve-
lopment: Al has matured most in medical imaging, oncology and precision medicine, complementing rather than replacing clinical
judgment; randomized evidence in cardiology shows improved workflow efficiency and reduced adverse events, including all-cause
mortality. Implementation nonetheless faces technical, organizational and social barriers—data quality and interoperability, lack of
explainability, algorithmic bias, and gaps in clinician training—alongside ethical and regulatory challenges regarding privacy, accounta-
bility and informed consent. Conclusions: Al offers considerable potential to reduce costs, increase diagnostic accuracy, personalize care
and expand access to quality services, provided its deployment overcomes technical, ethical and regulatory barriers through proactive,
adaptive and patient-centered governance.
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RESUMEN

Introduccion: la inteligencia artificial (IA) esta reconfigurando la manera en que se diagnostican, tratan y monitorizan las enfermeda-
des, integrando el aprendizaje automatico, el aprendizaje profundo y el procesamiento del lenguaje natural en el analisis de grandes
volumenes de datos clinicos. Objetivo: analizar de manera integral el impacto de la inteligencia artificial en la medicina, examinando
sus principales aplicaciones diagndsticas, terapéuticas y de gestion clinica, asi como los desafios, limitaciones y consideraciones éticas
que condicionan su integracién segura, equitativa y centrada en el paciente. Desarrollo: la IA ha alcanzado mayor madurez en la imagen
médica, la oncologia y la medicina de precision, complementando —y no sustituyendo— el juicio clinico; la evidencia de ensayos aleato-
rizados en cardiologia muestra mejoras en la eficiencia del flujo de trabajo y reduccién de eventos adversos, incluida la mortalidad por
todas las causas. No obstante, su implementacion enfrenta barreras técnicas, organizativas y sociales —calidad e interoperabilidad de
los datos, falta de explicabilidad, sesgo algoritmico y brechas en la capacitacion de los clinicos— junto con desafios éticos y regulatorios
relativos a la privacidad, la rendicion de cuentas y el consentimiento informmado. Conclusiones: la IA ofrece un potencial considerable
para reducir costos, aumentar la exactitud diagndstica, personalizar la atencién y ampliar el acceso a servicios de calidad, siempre que su
despliegue supere las barreras técnicas, éticas y regulatorias mediante una gobernanza proactiva, adaptativa y centrada en el paciente.
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INTRODUCTION

Artificial intelligence (Al) has established itself as one of the most transformative forces in
contemporary medicine, with the capacity to rethink the way diseases are diagnosed, treated,
and monitored. Defined as the set of technologies capable of executing tasks that usually require
human intelligence, Al in health encompasses machine learning, deep learning, and natural lan-
guage processing, applied to the analysis of large volumes of clinical data.(1,2)Its rapid evolution
has raised expectations that it can improve patient outcomes and increase the efficiency of in-
creasingly complex healthcare systems.(3)

Health systems worldwide face growing challenges, including rising costs, staff shortages,
and disparities in access to and quality of care, particularly in low- and middle-income countries.
(4)In this context, Al has emerged as a tool capable of enhancing diagnosis, therapeutic planning,
patient monitoring, and resource management.(4,5) By integrating and analyzing electronic health
records, medical images, and genomic profiles, algorithms can identify patterns, predict disease
progression, and recommend optimized treatment strategies.(4,6)

Medical imaging is among its most mature applications, with algorithms identifying neo-
plastic cells and lesions with increasing accuracy and sensitivity, favoring earlier diagnoses and
directly impacting outcomes.(7)Al also drives personalized medicine by tailoring treatments to each
patient’s individual profile and integrating genomic, lifestyle, and clinical history data to design
customized therapeutic strategies.(4)These advances represent a paradigm shift from standardized
clinical protocols toward truly individualized care.(4)

The role of Al is better understood not as a substitute for healthcare professionals but as a
support tool. It can serve as a triage instrument, replace repetitive and laborious tasks, and, above
all, complement clinical judgment, since the combination of clinician and algorithm produces
superior results to those of either alone.(8)Recent evidence from randomized trials in cardiology
shows that Al-assisted care improves workflow efficiency, strengthens patient engagement, and
reduces adverse clinical events, including all-cause mortality.(9)

However, the integration of Al into routine practice faces considerable obstacles. These inclu-
de fragmentation and insufficient data quality, interoperability issues with existing infrastructure,
the lack of transparency and explainability of models, and the need for rigorous multicenter vali-
dation.(10,11,12)Additional ethical and legal concerns relate to data privacy, algorithmic bias (which
can accentuate existing inequities), accountability, and the preservation of the physician-patient
relationship.(1,5,12)Organizational culture, training, and Al literacy among clinicians are likewise
decisive for successful adoption.(10,11)

In summary, Al offers considerable potential to reduce costs, increase diagnostic accuracy,
personalize care, and expand access to quality services, although its responsible deployment re-
quires overcoming technical, ethical, and regulatory barriers.(4,5,12)The objective of this review is
to comprehensively analyze the impact of artificial intelligence in medicine, examining its main
diagnostic, therapeutic, and clinical management applications, as well as the challenges, limita-
tions, and ethical considerations that influence its safe, equitable, and patient-centered integration
into clinical practice.

METHODS

A descriptive and narrative literature review was conducted to characterize the impact of
artificial intelligence in medicine, including its diagnostic, therapeutic, and clinical management
applications, as well as the barriers to its implementation and ethical and regulatory considerations.

A literature search was conducted between January and March 2026 in the academic data-
bases PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and SciELO. Search strategies
adapted to each database were constructed using health sciences descriptors (DeCS/MeSH) and
free-text terms, combined with the Boolean operators AND and OR:

- Equation in English: (“Artificial Intelligence” OR “Machine Learning” OR “Deep Learning”) AND
(“Medicine” OR “Clinical Practice” OR “Diagnosis” OR “Therapeutics”’) AND (“Ethics” OR “Heal-
thcare Delivery”)

- Equation in Spanish: (“Inteligencia Artificial” OR “Aprendizaje Automatico”) AND (“Medicina”
OR “Diagnéstico” OR “Tratamiento”) AND (“Etica”)

Inclusion and exclusion criteria

- Inclusion criteria:

1. Original articles, systematic reviews, meta-analyses, and narrative reviews published in
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peer-reviewed journals.
2. Publications with a publication date between 2019 and 2026.
3. Works explicitly focused on the clinical application of Al, organizational barriers, algori-
thmic biases, or ethical-regulatory frameworks in healthcare.
4. Articles in English or Spanish.
- Exclusion criteria:
1. Editorials, letters to the editor, conference abstracts, or brief notes without explicit me-
thodology or data.
2. Studies whose exclusive focus was theoretical or computational, without direct applica-
bility to medical practice or clinical management.
3. Duplicate publications across multiple databases.
Selection process and study flow
A total of 412 records were identified in the initial search (PubMed: 185, Scopus: 120, Web of
Science: 62, ScienceDirect: 30, SciELO: 15); 98 duplicates were removed. The remaining 314 records
were assessed by title and abstract, and 246 were excluded because they did not meet the study
objective. A total of 68 articles were selected for full-text reading, of which 30 essential studies were
ultimately included, comprising the primary evidence synthesized in this review (references1to 30).

Figure 1. Simplified flowchart adapted for a narrative review
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Information processing and limitations

Data analysis was conducted through a qualitative narrative synthesis of the findings, or-
ganizing the development into thematic axes (key concepts, diagnostic imaging, oncology, per-
sonalized medicine, chronic management, outcomes, barriers, and ethics). No formal risk-of-bias
assessment or meta-analysis was performed because of the narrative design of the review. The
main limitation of this design is the selection bias inherent in the extracted literature and the im-
possibility of generating combined statistical estimates of effect size.

DEVELOPMENT

Conceptual foundations of artificial intelligence in medicine

Artificial intelligence in health refers to a set of technologies capable of emulating selected
forms of intelligent human behavior—perception, reasoning, learning, and decision-making—with
a certain degree of autonomy.(13)Its main branches are machine learning, deep learning based on
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neural networks that learn patterns directly from raw data, and natural language processing.(14,13)
Deep learning has achieved notable success in image classification, which explains the surge in
research in specialties that depend on visual interpretation.(14)

The substrate of these systems is the availability of large volumes of heterogeneous data:
electronic health records, medical images, laboratory results, data from portable sensors, and ge-
nomic sequences, each of which provides a partial view of the patient.(15)The ability of multimodal
models to simultaneously fuse text, images, signals, and omics data makes it possible to discover
complex relationships that no isolated data source reveals.(15)This shift marks the transition from
reactive medicine toward proactive, data-driven care.(16)

Diagnostic applications in medical imaging

Image interpretation constitutes the most mature domain of clinical Al. Algorithms assist
radiologists in limited functions such as detection, workflow triage, quantification, and image
enhancement.(17) Quantification functions segment and measure anatomical structures—breast
density, brain structures, cardiac flow, or lung tissue density—while triage flags and communicates
suspicious findings such as intracranial hemorrhage, large-vessel occlusion, pneumothorax, or
pulmonary embolism.(17)

The FDA has authorized more than 200 commercial Al products in radiology, developed by
companies from more than 20 countries; some hospitals already use them successfully, with greater
adoption in large practices.(17)These systems have improved accuracy in tasks such as mammo-
graphy interpretation, cardiac function assessment, and lung cancer screening, addressing not
only diagnosis but also risk prediction and treatment.(14)

The scope extends beyond radiology: Al interprets electrocardiograms, pathology slides,
and ophthalmological images.(17)In pathology, using whole-slide imaging, the models efficiently
identify areas of interest, determine the origin of the primary tumor, and detect structural variants
or driver mutations, offering benefits that even exceed those of review by expert pathologists.
(14)In gastroenterology, colonoscopy support systems improve polyp detection and increase the
sensitivity of the procedure.(14)

Artificial intelligence in oncology

In oncology, early-stage cancers and recurrences are difficult to diagnose from radiology and
pathology reports, especially in clinically stable patients.(18)Convolutional neural networks, trained
on thousands to millions of images of normal and malignant lesions, learn to classify both groups
and detect subtle differences imperceptible to the human eye.(18)Al-assisted diagnosis offers early
detection with high accuracy, greater efficiency, and scalability across health systems.(18)

Melanoma illustrates the clinical value of this technology: it accounts for only 5% of skin can-
cers, but its 5-year survival drops to 32% at the metastatic stage versus 99% when detected early.
(18)Differentiating early melanoma from benign lesions of similar appearance is visually difficult,
a scenario in which Al helps identify fine-grained variability and enables earlier interventions.(18)
Pioneering studies in dermatology, which compared neural networks with board-certified derma-
tologists, laid the foundations for the design of Al for oncological diagnosis.(18)

Personalized medicine, genomics, and pharmacogenomics

Precision medicine aims to identify subpopulations that differ in disease risk, drug response,
and therapeutic outcomes.(19)Al rapidly analyzes multidimensional clinical and biological data
generated by genomic sequencing, supporting precise diagnoses, early detection, and the iden-
tification of new therapeutic targets.(19,20) This approach shifts the focus from uniform protocols
to individualized, data-driven interventions.(20)

Deep learning models integrate genomic, demographic, and lifestyle data to predict patient
response to different treatments.(21)For example, they analyze the tumor’s genomic characteris-
tics—mutations, copy number variations, and epigenetic modifications—to predict response to
various chemotherapeutic agents and identify biomarkers associated with efficacy.(21)They can
also estimate the risk of post-surgical complications such as infection or bleeding, recommending
additional monitoring for high-risk patients.(21)

Pharmacogenomics adapts pharmacological therapy to the individual genetic profile, re-
ducing the risk of adverse reactions.(22)Machine learning and deep learning models predict drug
response and refine the identification of genetic variants, as exemplified by tools such as DeepVa-
riant and AlphaFold.(22)Large language models can interpret pharmacogenetic tests—for example,
CYP450 alleles—and translate raw genetic data into personalized medication and dose-adjustment
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recommendations, improving understanding of complex genomic results.(15,22)

Likewise, Al accelerates drug discovery by navigating chemical structures and predicting
drug-target interactions, reducing the time and cost of bringing new medications to market.
(19,20) The analysis of large-scale genetic datasets enables identification of variants associated
with disease susceptibility, drug response, and treatment outcomes.(23)

Continuous Monitoring and Management of Chronic Diseases

Chronic non-communicable diseases—cardiovascular diseases, cancer, respiratory disea-
ses, and diabetes—cause about 41 million deaths annually—74% of global mortality—and exert
sustained pressure on health systems.(13)Traditional care models rely on periodic and reactive
adjustments based on episodic laboratory tests and clinical visits, limiting personalization and
timely intervention.(16,13) The literature review identifies four consistent functions of Al in chronic
care: personalized decision support and treatment optimization; continuous monitoring and risk
prediction from patient-generated data; conversational agents for education, adherence, and
behavioral support; and mobile health platforms that connect patients with clinicians.(24)

In diabetes, Al predicts hypoglycemia and hyperglycemia, optimizes insulin dosing, and per-
sonalizes education, integrating continuous glucose monitoring data, dosing history, and physio-
logical metrics.(16)Automated insulin delivery systems reduce the burden of minute-to-minute
adjustments for patients and clinicians.(16)In the cardio-reno-metabolic spectrum, multimodal
models that integrate electronic records, genomics, imaging, and wearable sensor data achieve
risk stratification superior to that of unimodal models.(16)Nevertheless, most of these technologies
remain in early phases of algorithm development or feasibility, and support for emotional self-ma-
nagement is less developed than that for medical or behavioral self-management.(25)

Impact on Clinical Outcomes

Al is best understood as a complement to clinical judgment rather than a substitute for the
professional.(8)The most robust aggregate evidence comes from cardiology: a systematic review
of 32 randomized trials showed that Al-based implementations improved workflow efficiency
(SMD -0.71), strengthened patient engagement and effective care delivery (RR 1.36), and reduced
adverse clinical events (RR 0.80).(9)These included significant reductions in all-cause mortality (RR
0.84;95% ClI, 0.75-0.94) and major cardiovascular events (RR 0.89; 95% Cl, 0.82-0.98).(9)The value of
clinical Al lies not in isolated algorithmic performance but in its integration as a validated auxiliary
tool within existing care pathways.(9)

Barriers to Clinical Implementation

Despite its potential, the translation of Al into routine practice faces interrelated barriers. A
systematic review classified them into three levels—technical/algorithmic, stakeholder, and social—
identifying 19 major themes, including the lack of explainability, the need for validation protocols
and interoperability standards, potential job loss, distrust in Al, and workflow challenges.(26)From
a technical perspective, the need for interpretable models compatible with fragmented compu-
ting infrastructures, together with interoperability problems with legacy systems, complicates
deployment.(11)

Insufficient data quality—unstructured and incomplete information, with variable formats
and labels, outdated, or scarce for certain types of patients—makes it difficult to build and main-
tain reliable models.(10)Bias in datasets—which underrepresent patients by race, gender, ethnicity,
or age—constitutes an additional concern, compounded by complicated access to data due to
legal and organizational barriers.(10)At the organizational level, cultural readiness, change mana-
gement, structured training, and clinicians’ Al literacy are decisive; without cultures that support
experimentation, initiatives encounter resistance linked to professional routines and norms.(11)The
high costs of implementation and maintenance, together with legal uncertainty, limit adoption in
resource-constrained settings.(11)

Ethical and Regulatory Considerations

The development of Al has outpaced the social, institutional, and regulatory infrastructure
necessary for equitable implementation.(27)Data privacy and security are paramount and requi-
re robust encryption, anonymization techniques, and responsible data-handling practices.(28)
Algorithmic bias poses a significant challenge: since most digitalized health data originate from
high-income countries, models may incorporate geographic, racial, and socioeconomic biases that
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risk perpetuating—rather than resolving—existing inequities.(27,28) Mitigating this bias requires
diverse datasets and continuous monitoring.(28)

Transparency and explainability strengthen trust and accountability; regulators face a funda-
mental tension, since requiring full explainability may exclude the most accurate algorithms, while
allowing “black box" systems raises safety concerns.(27)Interpretability gaps make it difficult for
clinicians to determine when to follow or override an algorithmic recommendation.(27)Accounta-
bility frameworks must clarify attribution when a system contributes to an error, as responsibility
may fall to the clinician, the institution, or the developer.(27)

Informed consent acquires new complexities: patients must know how Al is used in their
care—risks, benefits, and limitations—and be able to opt out of its use.(29)Emerging regulatory
instruments, such as the risk-based classification of the European Union’s Al Act and the Gene-
ral Data Protection Regulation (GDPR), which requires transparency, explainability, and human
oversight under privacy-by-design principles, represent significant steps, although they remain
voluntary or incipient in many contexts.(27,29) Al governance must be proactive and adaptive, with
patient-centered oversight and clear accountability mechanisms to prevent the proliferation of
biased systems.(30)

CONCLUSIONS

Artificial intelligence is emerging as a transformative force in contemporary medicine; its
value lies in complementing clinical judgment to optimize diagnostic accuracy, therapeutic per-
sonalization, and reduce morbimortality, as demonstrated by evidence in imaging, oncology, and
cardiology. However, for its impact to transcend algorithmic performance and achieve effective
routine integration, it is essential to overcome technical and infrastructural barriers—such as the
low quality and interoperability of data—as well as gaps in professional literacy. Ensuring that this
transition benefits patients equitably requires addressing algorithmic bias, resolving “black box”
opacity, and establishing adaptive and transparent governance focused on safety, privacy, and the
preservation of the physician-patient relationship.
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