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Abstract

Over the past decades, digital innovation has profoundly transformed pediatric care, promoting more integrated, personalized, and
continuous models of assistance across hospital, community, and home settings. This contribution explores the impact of three key
technological domains: telemedicine, virtual and augmented reality, and artificial intelligence. Telemedicine has expanded access to
healthcare services, improved monitoring of chronic conditions, and strengthened communication between healthcare professionals
and families. Its rapid development during the COVID-19 pandemic demonstrated its value in ensuring continuity of care and sup-
porting vulnerable pediatric populations. Virtual and augmented reality offer new possibilities in surgical planning, medical training,
rehabilitation, and psychological support, helping reduce anxiety and pain during procedures while enhancing understanding of clin-
ical pathways. Artificial intelligence enables the analysis of large volumes of clinical and behavioral data, supporting early diagno-
sis, predictive modeling, and personalized clinical decision-making. Despite these opportunities, the integration of emerging tech-
nologies into pediatric practice requires careful attention to ethical, organizational, and educational issues, including data security,
equitable access, and professional training. Overall, digital technologies are reshaping pediatrics toward more accessible, efficient,

family-centered care.
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Introduction

In recent decades, pediatrics has undergone a profound transfor-
mation driven by the introduction of digital technologies and inno-
vative solutions that have progressively reshaped care models, mak-
ing them more integrated, flexible, and oriented toward continuity
of care.! The development of digital infrastructures has strength-
ened the connection between hospitals and community-based serv-
ices, improving communication among healthcare professionals,
patients, and families and facilitating the management of clinical
pathways over time.2

The integration of clinical practice with technological tools,
from telemedicine platforms to remote monitoring systems, from
wearable devices to artificial intelligence, now enables more per-
sonalized and proactive care.3 This approach is based on the contin-
uous collection of clinical data, monitoring of chronic conditions,
and timely interventions in case of deterioration. It promotes a
child- and family-centered model of care and helps improve equity
in access to services, particularly for patients living in remote areas
or in vulnerable conditions.3

The spread of digital technologies has also supported a structural
reorganization of pediatric care toward multidisciplinary and inte-
grated models, in which care can extend into the home and involve
coordinated collaboration among different healthcare professionals.#
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In this context, digital health represents a key driver in the develop-
ment of contemporary pediatrics, thanks to its ability to enhance the
collection and analysis of clinical data, optimize diagnostic and ther-
apeutic pathways, and foster greater participation of patients and
caregivers in the care process.!

This contribution provides an extrapolated and interpretative
synthesis of the section on technological innovation in pediatrics
presented at the conference “Pediatrics in Clinical Practice” (Milan,
January 23-24, 2026), examines the impact of major emerging tech-
nologies, particularly telemedicine, Virtual (VR) and Augmented
Reality (AR), and Artificial Intelligence (Al), on organizational
models and pediatric care pathways. The aim is to highlight how the
integration of technological innovation and clinical practice is con-
tributing to the development of increasingly personalized, accessi-
ble pediatric care focused on continuity across hospital, community,
and home settings.

Key areas of technological innovation
Telemedicine

The progressive integration of digital technologies into health-
care systems has, in recent years, led to a significant transforma-
tion of pediatric care models, helping to redefine care pathways
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with a focus on continuity of care, personalization, and improved
accessibility.>

Telemedicine represents one of the most rapidly developing
areas within this process, forming part of the broader evolution of
digital health, which has progressively expanded the delivery of
healthcare services beyond the traditional boundaries of the hospi-
tal.6 Since the second half of the twentieth century, remote health-
care has been increasingly defined as a mode of delivering care
when distance constitutes a critical factor. The World Health
Organization has contributed to formalizing the concept of
telemedicine within the broader domain of digital health.”

In Italy, regulatory development has accompanied this process:
from the first provisions in the early 2000s to the national guide-
lines of 2014, the indications issued in 2020, and the guidelines of
2022, telemedicine has progressively been recognized as a struc-
tured mode of healthcare delivery and integrated into the organiza-
tional models of the National Health Service.8 Subsequent updates
and initiatives linked to digital health and the National Recovery
and Resilience Plan (PNRR) have further consolidated its applica-
tion, promoting telemonitoring and interoperable platforms within
care pathways.8

A decisive acceleration in the development and adoption of
telemedicine occurred during the COVID-19 pandemic, which high-
lighted the need to ensure continuity of care even when access to
hospital facilities was limited.? In this context, remote care emerged
as an essential tool to maintain the connection between hospital and
community services, monitor patients at home, and guarantee access
to care for the most vulnerable pediatric populations.4 The experi-
ence gained during the health emergency demonstrated how digital
technologies can improve service organization, promote equity of
access, and contribute to the sustainability of healthcare systems,
transforming telemedicine from an emergency solution into a stable
component of care pathways.

At the “Vittore Buzzi” Children’s Hospital in Milan (Italy),
beginning in 2020, a progressively structured model of remote pedi-
atric care was developed, initially based on active home surveillance
systems and later evolving into an integrated digital care system.!0
The implementation of a remote monitoring operations center
enabled the management of a large number of patients and involved
coordinated collaboration among hospital units, community servic-
es, and healthcare professionals in training.!0 This experience laid
the foundations for the creation of a virtual hospital model aimed at
ensuring continuity of care after discharge through dedicated digital
platforms and secure, traceable communication tools. The model is
based on a flexible and modular telemedicine platform capable of
adapting to different clinical contexts and integrating specialist mod-
ules for various pediatric disciplines, promoting interaction among
specialists, primary care pediatricians, and families.10

Clinical applications of telemedicine in pediatrics are broad
and diverse. In telecardiology, the possibility of performing and
reporting electrocardiograms remotely allows timely specialist
evaluation and reduces the need for in-person hospital visits.!1
Digital transmission of tracings through dedicated platforms
enables the pediatric cardiologist to analyze tests rapidly, facilitat-
ing early diagnosis of potential abnormalities and monitoring of
patients with known conditions, thereby improving continuity of
care and reducing travel for families.

In the field of nutrition, telenutrition!2 enables monitoring of
anthropometric parameters, assessment of adherence to dietary
plans, and adjustment of nutritional regimens in patients with chron-
ic or rare diseases. Through remote consultations, it is possible to
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implement timely dietary modifications, support families in daily
management, and ensure more regular follow-up while reducing the
need for in-person visits.!2

Tele-diabetology represents another important area of develop-
ment, thanks to the use of sensors and devices for continuous glu-
cose monitoring and the possibility of providing therapeutic educa-
tion and follow-up remotely.!3 Analysis of glycemic data shared via
digital platforms allows the diabetes care team to optimize therapy,
intervene early in cases of imbalance, and strengthen the self-man-
agement capacity of patients and their families.!3

Similar applications extend to teleneurology, endocrinology,
allergology, speech therapy, and pediatric palliative care, fields in
which remote care helps reduce travel, improve treatment adher-
ence, and ensure comprehensive management of both the patient and
the family.%14 In these contexts, telemedicine promotes collabora-
tion between specialists and community services, supports long-
term monitoring, and contributes to making care pathways more
accessible, personalized, and sustainable.

A further area of development is advanced telemedicine, which
integrates digital devices, sensors, and remote monitoring systems to
expand the diagnostic, therapeutic, and follow-up possibilities of
remote care.!5 The use of home-based technologies enables more
continuous and structured collection of clinical and functional
parameters, providing clinicians with a dynamic view of disease pro-
gression and treatment effectiveness.16

The use of wearable devices allows prolonged monitoring of
physical activity, heart rate, sleep, and other lifestyle indicators, pro-
viding useful data for the comprehensive assessment of pediatric
patients.%14 At the same time, tools such as home spirometers,
portable tele-ultrasound devices, and sensors for telerehabilitation
make it possible to perform functional assessments and clinical
checks directly at home, reducing the need for hospital visits and
facilitating the management of patients with chronic conditions or
those requiring frequent monitoring.!7

The integration of these technologies with data analysis sys-
tems and Al opens significant perspectives for the development of
predictive clinical risk models and for the personalization of care
pathways.!8 Continuous analysis of collected data enables early
identification of signs of deterioration, optimization of treatments,
and tailoring of interventions based on individual patient charac-
teristics. Preliminary data indicate high acceptance among
patients, caregivers, and healthcare professionals, along with
reductions in hospital stay duration and improvements in continu-
ity of care, suggesting a potentially positive impact on the overall
organization of pediatric services.!1,19

Overall, the adoption of telemedicine in pediatrics is an evolving
process that is expected to consolidate through the creation of dedi-
cated centers, stronger integration between hospital and community
care, and the development of virtual hospital models capable of
ensuring continuous monitoring, multidisciplinary teleconsultations,
and personalized care pathways.20 In this perspective, digital tech-
nologies represent not only a support to clinical practice but also a
structural component of new pediatric care models aimed at improv-
ing accessibility, quality, and sustainability of healthcare.

Virtual reality and augmented reality:
a new perception of reality

The introduction of VR and AR in medicine represents one of
the most recent frontiers of technological innovation applied to
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pediatrics, with implications for diagnosis, therapeutic planning,
training, and the doctor—patient relationship.2! These technologies
are part of the broader digitalization of medicine, in which the per-
ception of clinical reality is progressively integrated with three-
dimensional models and simulated environments, improving the
understanding of anatomical structures and pathological processes.
VR enables immersive experiences in fully simulated environ-
ments, while AR overlays digital elements onto the real world,
offering advanced tools for the visualization and interpretation of
clinical data.2!

The foundations of these applications derive from the processing
of radiological data, which can be transformed into high-fidelity
three-dimensional models through segmentation, post-processing,
and conversion into formats compatible with virtual environments.6
Once anonymized and validated, diagnostic images undergo volu-
metric reconstruction procedures that allow accurate identification
of organs and anatomical structures. Subsequently, through the gen-
eration of three-dimensional meshes and optimization of digital
models, it is possible to obtain high-resolution representations
usable in immersive or interactive settings, useful both for simula-
tion and advanced clinical visualization.6

The quality of the models depends closely on the precision of the
original images and on subsequent validation and optimization phas-
es, which enable the integration of radiological information with
clinical and anatomical data. This process makes it possible to build
reliable, navigable, and manipulable three-dimensional models use-
ful for preoperative analysis and for sharing information among the
different specialists involved in patient management.

This approach has applications across several areas of pediatric
surgery and clinical practice, including congenital pulmonary and
thoracic malformations, hepatobiliary anomalies, urogenital disor-
ders, diaphragmatic hernias, and complex oncological conditions,
supporting surgical planning and multidisciplinary discussion of
complex cases.22 The possibility of exploring personalized three-
dimensional models improves understanding of anatomical relation-
ships, helps anticipate potential intraoperative challenges, and sup-
ports more accurate and shared surgical planning.

In the educational field, VR enables the reproduction of realistic
clinical scenarios in controlled environments, facilitating the learn-
ing of procedures and the development of technical skills without
risk to patients.2! AR, by integrating digital information into real-
world settings, can support preoperative planning and intraoperative
decision-making, improving orientation during surgical procedures
and enhancing precision. The integration of virtual models and clin-
ical data also contributes to the development of precision medicine,
allowing more personalized planning and a better understanding of
individual anatomical characteristics.!

Beyond diagnostic and surgical applications, VR is increasingly
used in the overall management of pediatric patients, particularly for
psychological support, rehabilitation, and the reduction of pain and
anxiety during procedures.23 Immersive virtual environments
designed to be engaging and age-appropriate can provide distraction
during invasive or potentially stressful procedures, helping to reduce
perceived pain and improve patient cooperation. In rehabilitation,
interactive scenarios make exercises more motivating and allow
objective monitoring of functional progress, facilitating adherence to
therapeutic programs.23 These tools can also be used to prepare chil-
dren for procedures or diagnostic tests, improving understanding of
the care pathway and communication with families.23

However, the adoption of VR and AR also presents challenges,
including implementation costs, the need to ensure high standards
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of safety and data protection, integration with healthcare informa-
tion systems, and the definition of shared validation models.24
Issues related to interoperability between platforms and the assess-
ment of the long-term impact of these technologies in clinical prac-
tice also remain.

Future perspectives point toward the development of increas-
ingly integrated systems in which three-dimensional simulation,
data analysis, and telemedicine converge within shared platforms,
promoting collaboration among specialists and optimization of
care pathways. In this context, technological innovation requires a
balanced approach that combines development, implementation,
and integration while maintaining a critical perspective focused on
clinical effectiveness, safety, and the sustainability of healthcare
systems.>

Artificial intelligence

Al is now one of the main drivers of technological innovation in
medicine and, in particular, in pediatrics, where the analysis of large
volumes of clinical, biological, and behavioral data opens new per-
spectives for early diagnosis, personalization of care, and support for
decision-making processes.!8

Al can be defined as the set of techniques and computer systems
capable of performing tasks that, if carried out by a human being,
would require abilities considered intelligent.25 In this perspective,
the focus is not on reproducing human cognitive processes but on
emulating the outcomes and actions that characterize intelligent
behavior. This pragmatic view has guided the development of
numerous systems capable of supporting clinical practice through
automated data analysis and the generation of predictive models.

The development of Al is not a recent phenomenon but the result
of an evolution that began in the mid-twentieth century with the first
artificial neural networks and the formal introduction of the term
“artificial intelligence” in the 1950s.26 After alternating periods of
enthusiasm and disillusionment—characterized by reduced funding
and limited practical applications, Al has experienced renewed
expansion since the 2000s thanks to the availability of large datasets,
increased computing power, and improvements in machine learning
algorithms.26 The development of deep neural networks and large
language models has enabled performance comparable to human
levels in several domains, making Al an increasingly pervasive tool
in clinical practice and biomedical research.26

In pediatrics, Al applications are rapidly expanding across
numerous clinical areas.26:27 Recent literature highlights the use of
machine learning models to predict length of stay in pediatric inten-
sive care units, to diagnose and monitor respiratory, infectious, and
metabolic diseases, and to manage chronic conditions such as asth-
ma, allergies, and neurological disorders.2” Additional areas of appli-
cation include mental health, behavioral medicine, and the analysis
of data from digital devices and telemedicine systems.28 Commonly
used paradigms include supervised machine learning, which enables
the construction of predictive models from labeled data, and gener-
ative and language models capable of analyzing complex texts,
images, and biological signals.

Among the concrete applications of Al in pediatrics are research
projects that integrate digital technologies with remote clinical sup-
port. One example involves digital interventions for socially isolated
youth and adolescents that combine telepsychiatry, cognitive reha-
bilitation, and automated speech analysis.28 The use of deep learning
algorithms makes it possible to extract clinically relevant informa-
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tion from patients’ speech, supporting therapists in assessing psy-
chological status and tailoring interventions.2%

Additional applications include the use of generative Al models
for the analysis of pediatric electrocardiographic signals.30 Al
enables the construction of dynamic models capable of representing
physiological ECG variations during growth, allowing comparison
between real signals and reference models and contributing to the
definition of age-specific normal ranges. These approaches can
improve diagnostic accuracy and support early identification of car-
diac abnormalities, integrating with telemedicine platforms and
remote monitoring systems.

Despite numerous opportunities, the introduction of Al into
pediatric practice also raises ethical, organizational, and social
issues. Key challenges include ensuring equitable access to tech-
nologies, protecting sensitive data, maintaining algorithmic trans-
parency, and evaluating the impact of digital technologies on the
development of children and adolescents.30 The integration of Al
into healthcare systems therefore requires a critical and informed
approach focused on scientific validation of tools and appropriate
training for healthcare professionals.!8

In the near future, Al will likely be integrated into many of the
tools with which pediatricians interact daily, from diagnostic devices
to clinical data management software platforms. In particular, large
language models may facilitate the structuring of clinical informa-
tion, decision support, and communication with patients and fami-
lies.27 In this scenario, it is essential to develop foundational compe-
tencies that enable healthcare professionals to understand the poten-
tial and limitations of AI, promoting appropriate and responsible use
of new technologies in pediatric practice.2’

Conclusions and future perspectives

The combined analysis of emerging technologies applied to
pediatrics highlights how the digital transformation of clinical prac-
tice is no longer an experimental or sector-specific process but a
structural trajectory of contemporary healthcare systems.
Telemedicine, virtual and augmented reality, and Al represent dis-
tinct yet deeply interconnected domains that collectively contribute
to redefining pediatric care models, with a focus on continuity of
care, personalization of interventions, and integration between hos-
pital, community services, and home settings.

Together, these technologies outline a new care paradigm in
which the digital dimension becomes an integral part of pediatric
clinical practice. The convergence of telemedicine, immersive sys-
tems, and Al paves the way for increasingly integrated models of
care based on continuous data collection and analysis, multidiscipli-
nary collaboration, and patient-centered approaches. However,
implementing these innovations requires careful consideration of
organizational, ethical, and educational aspects. It is necessary to
ensure data security, system interoperability, equitable access to
technologies, and the development of digital competencies among
healthcare professionals so that technological innovation can trans-
late into real improvements in health outcomes.

Future perspectives point toward the progressive consolidation
of digital care models, with the integration of continuous telemon-
itoring platforms, predictive analytics systems based on artificial
intelligence, and virtual environments for clinical simulation and
training. The evolution toward increasingly connected, data-driven
healthcare systems will require a multidisciplinary approach
involving clinicians, engineers, data scientists, and healthcare pol-
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icymakers in order to develop effective, safe, and sustainable tech-
nological solutions. In this context, pediatrics represents a particu-
larly fertile field for experimentation and innovation, where the
responsible adoption of new technologies can help build more
accessible, personalized care models centered on the needs of chil-
dren and their families.
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