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Relevance. Telepathology is a promising area of digital medicine that ensures the availability of morphological diagnostics in conditions
of shortage of specialists, war, and pandemic.

Objective. To analyze regulatory models of telepathology in different countries and assess the potential of Artificial Intelligence (Al) in
morphological diagnostics.

Methods. A comparative analysis of regulatory documents, statistical data, technical standards, and scientific publications on telepathology
and Al was conducted.

Discussion. It was found that telepathology is actively being implemented in the world, with clear requirements for safety, ethics and
technical implementation. Al demonstrates high accuracy in recognizing pathologies.

Conclusions. Telepathology and Al have the potential to transform morphological diagnostics, but require regulatory support, technical
integration, and ethical control.
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T. €. HapoyTtoBa, E. C. BypsiukiBcbkuid

TPAHC®OPMAIIII CYYACHOI MOP®OJOITYHOI JTIATHOCTHKHU: TEJEIATOJIOIIA, LIAP®POBA
MATOJIOTTS TA IITYYHUN IHTEJEKT, NMIOBAJIBHUM TOCBIJI, HOPMATHUBHE PEI'YJIIOBAHHSA

O0ecvkuti HayioHanbHull Meduynuil yHigepcumem, Odeca, Yxkpaina

AKTyaabHicTh. Tenenaronoris € nepcrnekTHBHIM HAmpsIMOM L(POBOI MEAHIMHY, 110 3abe3nedye JOCTYMHICTh MOP(OJIoriuHoi [ia-
THOCTHKH B YMOBax Je(iruTy daxiBuiB, BiiiHH Ta manaeMii.

Mera. [Ipoanani3yBaTti HOpMAaTHBHI MOJIEINI TEIEMATONOTII B Pi3HUX KpaiHaxX Ta OL[IHUTH MOTeHia] mTy4Horo intenekry (ILI) B mopdo-
JIOTi4HI} JiarHOCTHLI].

MeTtonn. [IpoBeneHo NopiBHAIBHMI aHaNi3 HOPMATUBHUX JOKYMEHTIB, CTATHCTHYHHX JJAHNX, TEXHIYHUX CTaHAPTIB i HAyKOBUX MyOui-
Kaii mopo Tenenarosorii ta [T,

Oo6roBopenHsi. BusiBieHo, 1110 TeIENaTosoris aKTHBHO BIIPOBAIXKYEThCS Y CBITI, 3 YITKUMU BUMOTaMH /10 Oe3MeKH, €TUKU Ta TEXHIYHOT
peanizanii. I1II neMoHCTpye BUCOKY TOUHICTB y pO3Mi3HABaHHI MATONOTIH.

BucnoBku. Tenenaromnorist Ta 11 mMaroTh moteHmian TpaHchopMyBaTH MOP(OJIOTIYHY IiarHOCTHKY, ajle TOTPeOyIOTh HOPMAaTHBHOTO
3aKpiIICHHs, TEXHIYHOI iHTerpawii Ta eTHYHOTO KOHTPOIIIO.

Kutrouogi ciroBa: Tenenaronoris, mudposa narosoris, L1 B giarnoctui, Mopdonoriunmii anai3, mobanbHi CTaHAapTH.

Introduction
Morphological diagnostics is the foundation of modern
medical diagnostics, particularly in oncopathology,
ensuring accurate detection, classification, and prediction
of the course of disecases. However, despite modern
technologies and advances in development, traditional
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CrarTs MOMMPIOETHCS HA YMOBAX JIIICH31T -'

pathology continues to face a number of challenges:
a shortage of qualified personnel, uneven access to
laboratories, subjectivity of interpretation and limitations
in the speed of sample processing. In response to these
challenges, telepathology has emerged —a remote evaluation
of histological specimens using digital technologies.
Its integration with Al opens up new horizons for the
automation, standardization, and scaling of morphological
diagnostics.

This study aims to review and analyze the current
state of telepathology and the use of Al in morphological
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diagnostics, with a focus on international experience,
regulatory control, technical capabilities, and associated
risks. Special attention is paid to comparing traditional
and algorithmic morphological assessment; analysis of
regulatory documents and standards; assessment of the
effectiveness, accuracy, and safety of Al-based tools; and
studying the challenges of implementation in different
countries.

Materials and Methods
The study used a systematic literature review method
from open databases (PubMed, Scopus, Web of Science)
using the keywords: “telepathology”, “digital pathology”,
“Al in diagnostics”, “morphological analysis”, “global
standards”. 31 published sources were selected, covering
clinical studies, regulatory documents, expert reviews and

recommendations of international organizations.

Discussion

The emergence of telepathology as a distinct field within
medical diagnostics is closely associated with Dr. Ronald
S. Weinstein, who first introduced the term “telepathol-
ogy” in 1986 to describe the remote viewing of histologi-
cal specimens for diagnostic, consultative, and educational
purposes [1]. In his foundational work, Weinstein outlined
the conceptual framework of the new technology with the
potential to transform pathological practice, particularly
in settings with limited access to specialists. He not only
coined the term but he also pioneered the development of
early robotic telepathology systems capable of transmitting
high-resolution histological images over long distances.
His research and patents laid the foundation for the further
development of telepathology as a clinical tool.

Telepathology began to develop rapidly and has since
been introduced into medical practice in many countries,
and regulatory documents regulating this type of activity
have appeared. Today, this clinical tool is widely employed
in clinical workflows, especially in regions with limited
access to pathologists, and has evolved from a theoreti-
cal concept into a practical technology that has reshaped
approaches to morphological diagnostics worldwide.

It is clear that telepathology requires the integration of
digital technologies and appropriate software with a high
technical level of equipment and an appropriate level of
education and skills of employees. Digital technologies are
rapidly permeating all areas of medicine. Global experience
demonstrates that each country addresses these challenges
in its own way. For instance, a 2021 article published in
Modern Pathology [2] explored the profound changes
occurring in the field of pathology due to the transition to
digital platforms. The authors describe how digital pathol-
ogy — specifically, the digitization of histological slides — is
transforming both scientific research and clinical practice.

Previously, pathological analysis was carried out exclu-
sively using an optical microscope, which limited the abil-
ity to store, transmit, and re-examine specimens. Today,
thanks to Whole Slide Imaging technology, tissue samples
can be scanned at high resolution, stored in digital format,
and shared between institutions. This advancement opens
new possibilities for consultation, education, diagnostic
standardization, and archival storage.

62

The authors emphasize the importance of digital
pathology in translational medicine — the process of
transferring scientific discoveries into clinical applications.
Digitized specimens allow researchers to more accurately
study tumor microenvironments and identify new
morphological features that may be related to the course of
the disease, and differentiate large amounts of data between
different centers.

In clinical practice, digital pathology enhances
diagnostic accuracy, reduces the incidence of errors, and
facilitates remote consultation among specialists. This is
particularly critical in regions facing shortages of highly
qualified pathologists.

However, the authors also point to a number of
challenges, including the need to standardize image
formats, ensure patient data confidentiality, legal regulation
of digital processes, and the need to train healthcare
professionals in new approaches.

One of the most advanced implementation models
has been developed in Canada. As early as in 2012, the
Canadian Association of Pathologists published the
“Guidelines for Establishing a Telepathology Service for
Anatomical Pathology Using Whole Slide Imaging,” which
proposed a phased model for implementing telepathology,
starting with assessing the institution's needs, selecting
technologies, and configuring the network [3].

The main components of such an organization are:
scanners for Whole Slide Imaging (WSI), image storage
servers, viewing software; network configurations:
centralized or decentralized models depending on location
and resources; integration with laboratory information
systems of institutions to ensure continuity of data access.
Special attention is paid to technical support, archiving and
documentation of results, which are critical to ensuring the
reliability and reproducibility of diagnostic processes.

A separate section is devoted to quality control and
accountability criteria. The Quality Management section
describes requirements for several parameters, namely:
correspondence of digital images to traditional glass slides,
whichare checked before clinical examination by comparison,
accuracy of diagnoses and productivity, which, through
regular monitoring, regular training of personnel — both
pathologists and technical personnel — ensure competence
in working with WSI. To ensure proper accountability,
mandatory licensing of pathologists working remotely is
emphasized. Issues of confidentiality and data security are
regulated in accordance with Canadian legislation.

Therefore, the main point is that digital pathology is
considered as a dynamic environment that allows receiv-
ing, storing, viewing and analyzing images of histological
preparations digitized using specially adapted scanners (see
Table 1). Two types of images are considered as objects
of study: static ones — these are individual items — photo-
graphs of micropreparations of established quality and size,
and interactive/dynamic ones— images obtained in real time
and often used in telepathology for urgent diagnostics and
consultations.

Based on a comprehensive review of current literature
and international standards, key technical parameters of
diagnostic imaging in telepathology have been synthesized
(see Table 2). The table summarizes essential aspects—from
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Table 1

Digital system components used in telepathology

Component

Function description

Scanner

Digitizes glass slides

Image Management

Integration with Laboratory Information Systems (LIS)

Software For viewing, analysis, and archiving
Storage System Archiving and intelligent search
Analytical Tools Using Al for pattern recognition (e.g. CD20, Ki67, ER ,PR HER2/neu and others)
Table 2
Technical Parameters of Digital Diagnostic Images for Diagnostics

Parameter Value / Recommendation Source
Image Type Whole Slide Imaging (WSI); static and dynamic formats Sonawane & Borys, 2021 [3]
Resolution Recommended > 0.25 pm/pixel (equivalent to 40x magnification) CAP Guidelines [4]

File Formats

SVS, TIFF, JPEG2000, DICOM

DICOM Standard [5]

File Size per WSI

1-3 GB depending on specimen size and magnification level

Sonawane & Borys, 2021 [3]

System Validation

Minimum of 60 cases; >95% diagnostic concordance with microscopy

CAP Guidelines [4]

Focusing

Automated, multilayer; focus quality control is critical

the FDA's Digital Pathology
Initiative [6]

LIS Integration

Mandatory for clinical use

Sonawane & Borys, 2021 [3]

Archiving Long-term storage; support for intelligent search DICOM Supplement 223 [5]
Viewin, Via specialized software; remote access capabilities the FDA$ Digital Pathology

g P ; p Initiative [6]
. Capability to apply Al/Deep Learning for pattern recognition the FDA's Digital Pathology

Image Analysis (c.g., Ki67) Initiative [6]

image type and resolution to validation, archiving, and
laboratory information systems (LIS) integration require-
ments. These recommendations are based in authorita-
tive sources such as the College of American Pathologists
(CAP) Guidelines, Digital Imaging and Communications
in Medicine (DICOM) Standard, and the US Food and
Drug Administration (FDA) Digital Pathology Initiative,
ensuring both credibility and practical relevance.

The American Telemedicine Association developed the
Telepathology Clinical Guidelines in 2018, which became
the first comprehensive document that systematizes the
principles of safe, effective, and ethical use of telepathology
in clinical practice in the United States [7]. The document
identifies key telepathology models — static (capture-
and-send), dynamic (streaming video microscopy), and
Whole Slide Imaging (WSI) — and describes their technical
requirements, advantages, and limitations. Particular atten-
tion is paid to organizational aspects, including licensing of
professionals, data protection, system validation, and inte-
gration with laboratory information systems. The recom-
mendations cover the entire infrastructure, including scan-
ners, software, data channels, and viewing monitors, with
an emphasis on ensuring diagnostic accuracy.

The document also includes provisions regarding the
responsibility of the physician conducting a remote assess-
ment, regardless of the patient’s location or the source of
the specimen. It is emphasized that telepathology diagnos-
tics should meet the same standards as traditional micros-
copy, including quality control, documentation, and adher-
ence to ethical standards. The recommendations emphasize
the importance of training personnel, as well as the need to
validate each system before clinical use, in accordance with
Clinical Laboratory Improvement Amendments (CLIA)
and CAP requirements. Thus, the American Telemedicine

ISSN 2226-2008 OAECHKUIT MEJIMYHUIM KYPHAJI Ne 4 (195) 2025

Association (ATA) guidelines form the basis for the safe
implementation of telepathology in medical practice, espe-
cially in conditions of remote access to specialists.

The FDA’s Digital Pathology Initiative has focused on
developing regulatory methods for assessing the technical
performance of digital medical devices, including WSI sys-
tems. In contrast to European approaches, digital pathology
is classified as a Class II medical device in the US, requir-
ing a 510(k) or de novo approval process [6]. The program
emphasizes the lack of standardized tests that correlate
technical image quality with clinical performance and the
need for statistical tools to assess the performance of both
pathologists and image analysis algorithms. This contrasts
with European initiatives such as the BigPicture Project
and the European Society of Pathology guidelines, which
place greater emphasis on standardization of processes,
integration with laboratory information systems (LIS), and
interoperability [8; 9].

From a technical perspective, the FDA requirements
include assessment of focusing accuracy, spatial reso-
lution, color reproduction, and display quality [6]. In
Europe, the European Guidelines on Quality Criteria for
Diagnostic Radiographic Images and the Royal College of
Pathologists also set high standards for WSI quality, but
with a greater emphasis on internal validation, flexibility
in implementation, and practical adaptation to the clinical
environment [4; 9]. For example, the British guidelines
allow for the avoidance of large-scale clinical trials if self-
validation is performed based on real cases [10]. Thus,
although the technical requirements are generally the same
(high resolution, focusing accuracy, integration with LIS),
the American approach is more formalized and focused on
regulatory compliance, while the European approach is
more adaptive and clinically oriented.
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At the end of the last century, the CLIA program was
launched in the USA, which establishes mandatory quality
standards for all laboratories that perform testing of human
biological specimens for the purpose of diagnosing,
treating, or evaluating a health condition. In 2024, Centers
for Medicare & Medicaid Services (CMS) updated the
regulation, which came into force on December 28, 2024,
including new requirements for personnel qualifications,
revised sanctions, updated provisions on histocompatibil-
ity, and increased registration fees (CMS, 2025) [11]. Clari-
fication of educational requirements for conducting highly
complex laboratory testing is of particular importance [12].
In contrast to more flexible European approaches, CLIA
provides a unified certification system that covers more than
260,000 laboratories in the USA. All laboratories, whether
they receive payment through Medicare or not, are required
to adhere to CLIA standards, which include requirements
for method validation, quality control, recordkeeping, and
participation in a proficiency testing program (CDC, 2024)
[13]. Thus, CLIA is the foundation of the legal regulation
of laboratory diagnostics in the United States, ensuring
transparency, safety, and accountability in the work of
medical laboratories.

Although there are no specific provisions for
telepathology under CLIA, it is subject to general
requirements for accuracy, reliability, and timeliness of
results. Reports generated using telepathology must meet
all CLIA standards, just like traditional reports. This
includes patient identification, diagnostic accuracy, quality
control, and compliance with laboratory protocols.

Therefore, the potentials of telepathology are
highlighted, such as reducing logistics and equipment
costs, increasing the availability of specialized diagnostic
services, reducing the burden on pathologists during
periods of staff shortages (permanent or temporary), and
ensuring continuity of medical care even in remote regions.

In the Israeli healthcare system, telepathology is a
part of telemedicine, regulated by directives issued by the
Israeli Ministry of Health [14]. It is permitted for clinical
use, provided that standards of safety, confidentiality,
and professional responsibility are met. All telemedicine
services, including telepathology, must be performed
between an identified physician and patient, with a clearly
documented diagnostic process.

Standards and regulations require that telepathology
systems must be integrated with electronic medical records
(EMR) and laboratory information systems (LIS). Images
used for diagnosis must be stored in secure repositories
managed by health insurance organizations, which act as
primary custodians of medical data in Israel. According to
the Privacy Protection Law (1981), the processing of such
images must meet strict requirements for the protection of
personal data, including encryption, access control, and
auditing.

Image analysis is performed by licensed pathologists
who are allowed to work remotely, provided that their
activities are registered with the Ministry of Health. Vali-
dation of telepathology platforms is carried out at the level
of the institution implementing the technology, with man-
datory documentation of diagnostic accuracy. In addition,
each institution must appoint a responsible telemedicine
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coordinator who monitors quality, compliance with stan-
dards, and data security.

These provisions align with the Digital Health Laws
and Regulations Report 2025 — Israel [15], which classifies
telepathology as a highly specialized form of telemedicine
requiring additional certification and technical compliance.

The Digital Health Laws and Regulations Report
2025 — Israel, prepared with the participation of the Pri-
vacy Protection Authority (PPA) [16], considers telepathol-
ogy as part of digital medicine, governed by the Privacy
Protection Law (1981) and related regulations. The docu-
ment emphasizes that all digital medical images, including
histological preparations, are personal health data and must
therefore be processed in accordance with strict require-
ments for security, storage, and access.

According to the regulation, image repositories must
be certified, secured, and located in Israel or in jurisdic-
tions recognized as “adequate” in terms of data protection.
Requirements are established for access auditing, encryp-
tion, user authentication, and logging of actions. All telepa-
thology platforms must undergo internal validation before
clinical use, and physicians working with such systems
must be registered with the Ministry of Health and undergo
appropriate training. Special attention is paid to informed
patient consent, which must cover the use of digital images
for remote diagnosis.

Thus, Israeli law provides a high level of protection for
personal medical images, including telepathology, and sets
clear requirements for technical infrastructure, institutional
responsibilities, and patient rights.

Telepathology is identified as a key area of digital health
development in Australia’s National Digital Health Strat-
egy 2023-2028, developed by the Australian Digital Health
Agency [17]. The strategy aims to create a connected, safe
and accessible health system in which digital technologies,
including telepathology, play an important role in ensuring
quality diagnostics regardless of the patient’s geographical
location.

Telepathology is defined as the transmission of digitized
histological images for remote analysis and diagnosis. The
strategy outlines four core requirements for such services:

1. They must be integrated with the national My Health
Record platform, which allows storing and transmitting
medical images in a standardized format;

2. They must be secure: all telepathology systems
must meet cybersecurity requirements, including data
encryption, user authentication and access auditing;

3. They must be interoperable, i.e., able to interact
with other digital medical platforms, which ensures the
continuity of the clinical process;

4. They must be accessible to healthcare professionals
in remote regions, which contributes to reducing inequali-
ties in access to high-quality pathological diagnostics.

The strategy also includes training medical profession-
als in digital pathology and supporting innovative solutions
that automate part of the image analysis process. All of this
is aimed at increasing diagnostic accuracy, speeding up
clinical decision-making, and improving patient outcomes.

In 2025, the German Medical Association (Bundesérz-
tekammer) updated its provisions on telemedicine and
remote treatment (Telemedizin/Fernbehandlung) [18].
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These provisions also cover telepathology as a form of
remote diagnosis. According to official recommendations,
telemedicine concepts include diagnostics, therapy and
medical consultations carried out via information and
communication technologies remotely.

Telepathology, as part of this system, enables
pathologists to analyze digital histological images without
the physical presence of the patient or specimen. The
document emphasizes the legal permissibility of exclusively
remote consultations and diagnostics even for new patients
provided that quality and safety standards are upheld. Pilot
projects, such as those conducted in Baden-Wiirttemberg,
demonstrated both the advantages and limitations of remote
diagnostics. The guidelines stress that telepathology services
must be integrated into the national telematics infrastructure,
which ensures secure exchange of medical data among
physicians, laboratories, and clinics. Bundesérztekammer
highlights the necessity of patient consent, transparency, and
adherence to professional standards when employing tele-
medical methods, including telepathology.

Thus, telepathology in Germany has received regula-
tory recognition as an effective diagnostic tool, especially
in conditions of a shortage of specialists and the need for
rapid access to expert opinion.

Telepathology is also advancing in France. In the docu-
ment Téléconsultation et téléexpertise: guide de bonnes
pratiques, published by the Haute Autorité de Santé (HAS)
[19], telemedicine services including telepathology are
considered an integrated part of modern medical practice,
subject to strict criteria for quality, safety, and ethical
conduct.

Telepathology, as a form of teleexpertise, involves
remote analysis of pathological images (e.g., histological
slides) between physicians. The HAS guidelines
prioritize quality and safety: all acts of teleexpertise,
including telepathology, must comply with standards
for confidentiality, diagnostic accuracy, and technical
reliability. Diagnostic images must be of high quality,
and platforms must be certified. Telepathology may be
conducted in hospitals, socio-medical institutions, or even
from home, provided that environmental requirements such
as data protection, stable connectivity, and confidentiality
are met. Patients must be informed about the nature of the
remote expertise and must provide consent for the process-
ing of medical images in digital format. HAS recommends
the use of a “patient-tracer” method to evaluate the qual-
ity of telepathology services an approach that involves
analyzing specific clinical cases to improve diagnostic
processes.

This approach expands access to pathological expertise,
especially in regions with limited specialist availability, and
ensures timely diagnostics without compromising quality.

In India, telepathology has been formally regulated
since March 2020, when the Ministry of Health and Family
Welfare issued the Telemedicine Practice Guidelines [20],
the country’s first official regulations governing remote
medical services. The document covers all aspects of tele-
medicine, including telepathology, which is defined as a
form of teleexpert interaction between physicians, particu-
larly for sharing medical images, histological slides, and
laboratory data.
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According to the guidelines, telepathology may be con-
ducted under four permitted scenarios:

— from a patient to a Registered Medical Practitioner
(RMP),

— from one RMP to another (e.g., for consultation),

—via a medical intermediary (such as a nurse or
paramedic),

— with the involvement of a patient’s caregiver.

Particular attention is given to physician and patient
identification, informed consent, data confidentiality, and
documentation of consultations. In the context of telepa-
thology, this implies that the transmission of digital images
must occur via secure communication channels, and diag-
nostic results must be recorded in medical documentation
in accordance with established standards.

The document explicitly prohibits the use of telemedi-
cine for invasive procedures but permits its application for
diagnostics, treatment, consultations, and educational pur-
poses. All Registered Medical Practitioners (RMPs) intend-
ing to provide telemedicine services are required to com-
plete mandatory online training developed by the Medical
Council of India.

Thus, telepathology in India has received formal
regulatory recognition, with clearly defined frameworks
for responsibility, ethics, and technical implementation,
enabling its safe deployment even in rural and remote
regions.

China’s regulatory model for telepathology was out-
lined in 2022 by the National Health Commission of
China. This analytical report systematizes the legal and
organizational aspects of the country’s telemedicine infra-
structure [21]. It describes two primary models relevant
to telepathology. First: Internet-based diagnosis and treat-
ment, involving direct interaction between physician and
patient via online platforms, which is permitted only for
follow-up consultations and chronic disease management
(excluding initial COVID-19 diagnosis via internet hos-
pitals). Second: Remote Medical Services, a business-to-
business (B2B) model involving collaboration between
medical institutions. This model forms the basis for tele-
pathology, enabling physicians from different hospitals to
exchange images, histological data, and conduct remote
consultations [22].

Specific regulatory requirements include the following:

— Only licensed medical institutions are authorized to
provide telemedicine services.

— All internet hospitals and telemedicine platforms
must undergo registration and certification.

— Confidentiality, informed consent, and data protection
are mandatory.

To unify the work, technical standards for the
transmission of medical images have been introduced,
including DICOM and other formats. By 2019, China’s
telemedicine network had already connected over
3,000 hospitals. Subsequently, regional telemedicine
centers were established in all provinces, and internet
hospitals were introduced, allowing patients from rural
regions to receive consultations with specialists based in
urban clinics.

In Ukraine, telemedicine has also gained a regulatory
foundation and continues to develop. The Law of Ukraine
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No. 3301-IX (2023) defines telemedicine as a set of actions,
technologies, and measures used to provide medical and/or
rehabilitative care remotely [23]. The Ministry of Health
of Ukraine [24] regulates the procedure for telemedical
consultations, including standardized documentation forms
such as:

— Form No. 001/tm—request for telemedical consultation,

— Form No. 002/tm — consultant’s conclusion,

— Form No. 003/tm — consultation logbook, as well as
requirements for the consultation environment.

Currently, telepathology in Ukraine is primarily imple-
mented in a physician-to-physician format, involving the
transmission of digital histological slides, CT scans and
MRI images.

In the context of the war and the COVID-19 pandemic,
telepathology has become critically important for remote
diagnostics in regions lacking specialist access and for
interregional physician consultations. The use of artificial
intelligence (AI) for image analysis such as Brainscan and
AIDOC-is increasingly relevant [25, 26].

Regarding the implementation of telemedicine, it is
known thatitis included in 31 out of 41 packages of medical
guarantees of the National Health Service [27]. As 02024,
telemedicine encompassed 328 medical institutions, with
over 8,800 teleconsultations conducted and 1,259 medical
professionals trained [26]. Virtual operating rooms, por-
table diagnostic systems, and Al-based CT analysis tools
have been deployed. However, there is no official definition
or regulations specifically addressing telepathology or the
use of Al in morphological digital diagnostics in Ukraine.

The online publication InterNetri [28] discusses general
principles of Al application in medical diagnostics, includ-
ing image analysis (CT, MRI, X-ray), disease prediction
based on genetic and laboratory data, and personalized
medicine — such as diagnostics of micronutrient deficien-
cies.

Al holds significant potential in routine morphological
diagnostics. It can identify key morphological features —
nuclear atypia, stratification abnormalities, mitotic activ-
ity — with accuracy approaching expert-level performance.
According to Liu et al. [29], the average sensitivity of Al
algorithms in diagnosing cervical intraepithelial neoplasia
(CIN) and cervical cancer is 97%, with specificity at 94%.
Al tools have already been implemented in Sweden and
Denmark for routine diagnostics of CIN, cervical cancer,
and breast cancer, accompanied by ethical audits and algo-
rithmic transparency.

Analysis of the use of Al in telepathology suggests an
increase in diagnostic accuracy, as Al algorithms can ana-
lyze digital histological images with high accuracy, reduc-
ing human error and improving the detection of patholo-
gies at early stages and the ability to transmit digital images
for consultations between specialists, which is critical for
rural or low-income medical facilities [30]. In addition,
automated systems reduce sample processing time, which
is especially important in conditions of overloaded labora-
tories or remote regions [31], this ensures speed and effi-
ciency in diagnostics and, consequently, timeliness of treat-
ment. The implementation of digital solutions can reduce
costs by reducing the costs associated with physical sample
transportation, storage, and archiving [29].
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The work of Nastenko et al. [32] is an example of how
modern Al and medical image analysis technologies can
transform telepathology from a concept into real clinical
practice. It demonstrates that myocarditis can be diagnosed
remotely, accurately, and effectively — which is particularly
relevant in the context of pandemics, military conflicts,
or medical crises. The algorithms described in the study
can be integrated into cloud services, which will allow the
disease to be diagnosed in regions with limited access to
specialised cardiology services, and the use of the DRAG-
ONFLY and COVID-CT-MD databases demonstrates the
potential for creating telopathology systems where images
can be analyzed remotely without direct involvement of an
on-site physician.

In his publication, Mahmood MF examines the capabil-
ities of analyzing blood samples through machine learning
and image processing methods [33]. While the research is
not explicitly framed as telepathology, it highlights essen-
tial elements relevant to the field that can be integrated into
telepathological systems, especially in laboratory diagnos-
tics. It points to the digital processing of biological samples
using MATLAB for blood image analysis — an example of
digital morphology, which is the basis of telepathology.
Scanned samples can be transmitted over a distance for
automated classification, optimising the processing time
of results, even without the involvement of a laboratory
technician, which can affect the speed of clinical decision-
making.

Widespread adoption of Al introduces certain chal-
lenges and limitations, primarily concerning the reliability
of Al algorithms. These systems require rigorous valida-
tion, as misinterpretation may lead to incorrect diagnoses.
It is essential to establish secure image storage and trans-
mission systems that comply with data protection stan-
dards such as General Data Protection Regulation (GDPR)
or Health Insurance Portability and Accountability Act
(HIPAA) [31]. Another challenge is the integration of Al
into existing healthcare infrastructures. Many hospitals
operate with outdated systems, complicating the deploy-
ment of digital solutions [30]. A critical issue remains the
question of liability in cases of diagnostic errors made by
Al systems [29].

Conclusions
Telepathology is an effective response to the challenges
of traditional morphological diagnostics, including

workforce shortages, subjective interpretation, and unequal
access to specialists. Its implementation ensures continuity
of care, particularly during wartime, pandemics, and in
remote regions.

Digital pathology is transforming clinical practice by
providing high-quality imaging, archiving capabilities,
remote consultation, and standardization of diagnostic
workflows. Whole Slide Imaging (WSI) is becoming
the primary format for digital morphology, with defined
technical specifications governed by international standards
(CAP, DICOM, FDA).

Artificial intelligence (AI) demonstrates high efficacy
in morphological analysis, with sensitivity reaching 97%
in diagnosing cervical intraepithelial neoplasia (CIN) and
cervical cancer. Al algorithms can automate the recognition
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ofkey features, reduce pathologist workload, and accelerate
specimen processing — which is especially important for
overloaded laboratories.

Regulatory control of telepathology varies significantly
across countries, but common principles include system
validation, data protection, integration with LIS/EMR,
professional licensing, and informed patient consent. The
United States, Canada, Israel, Australia, Germany, France,
India, and China demonstrate different implementation
models — from formalized to adaptive.

orijiing JIITEPATYPHU

Ukraine has established aregulatory base for telemedicine,
yet lacks an official definition of telepathology as a distinct
form of digital diagnostics. Nevertheless, telepathology
is actively practiced, especially in physician-to-physician
formats, utilizing digital imaging and select Al solutions.

Implementation of telepathology and AI requires
addressing several challenges, including technical
interoperability, data security, algorithm reliability,
diagnostic accountability, and modernization of healthcare
infrastructure.
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