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Abstract

According to The Royal College of Pathologists, “digital pathology encompasses the acquisition, management, 
sharing, and interpretation of pathology information—such as slides and data—within a digital framework.” While 
all aspects of clinical pathology, including histological, immunohistochemical, and molecular techniques, can be 
presented to pathologists after digitization, the college emphasizes that applications of artificial intelligence (AI) 
in healthcare should be clinically directed with expert input. In the context of this interesting and rapidly evolving 
field, this article examines the historical development, current workflow, and future potential of digital pathology 
in a data-driven era and highlights important considerations for integrating digital pathology into established con-
ventional settings in Sri Lanka. 
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The Historical Roots of Digital Pathology

The Ancient Greeks displayed keen insight by naming the 

liver “hepar”, meaning “to repair oneself”, recognizing 

its remarkable regenerative capacity. This understanding 

of pathology traces back centuries, with references 

from Greek mythology, such as Prometheus the Titan, 

highlighting early perceptions [1]. Over time, scientific 

advancements have transformed pathology into a refined 

art form. The invention of the microscope by Antony 

Van Leeuwenhoek (1632 – 1723) allowed pathologists 

to observe tissues and cells at the microscopic level, 

thereby laying the groundwork for diagnostic pathology. 

However, the limitations of traditional microscopes in 

observing subcellular particles led to the invention of 

an electron microscope by Ernst Ruska and Max Knoll 

in 1931. Despite improvements in lens manufacturing 

in the early 19th century, there have been no significant 

advancements in microscopy. By the mid-20th century, 

mounting tissue samples on glass slides had become a 

standard practice in pathology laboratories. Pathologists 

manually examined the slides under a microscope for 

diagnosis. This traditional approach has remained 

largely unchanged for many decades [2].

However, in the last decade of the 20th century, the 
concept of “virtual slides” emerged, revolutionizing the 
examination of histological sections. This innovation 
perfectly emulates the traditional microscope and 
glass slides, allowing the examination of tissue 
samples at various magnifications without any loss of 
quality. Initially, digital cameras were attached to the 
microscopes to capture images of the tissue samples, 
enabling pathologists to view them on computer 
screens. However, these early systems had limitations 
in terms of image quality and resolution. In the 1990s 
and the early 2000s, significant advancements in 
scanning technology, particularly digital imaging in 
pathology, led to the inception and evolution of whole-
slide imaging (WSI). WSI enables entire slides to be 
imaged and stored permanently at high resolution. 
During the 2000s, dedicated digital pathology platforms 
began to emerge, offering comprehensive solutions for 
digitizing, managing, and analyzing pathology images. 
These platforms integrate slide-scanning hardware with 
software applications for image storage, retrieval, and 
analysis. These advancements mark the beginning 
of a new era in diagnostic pathology called “Digital 
Pathology,”
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As imaging technology has advanced, researchers have 
begun to develop automated analysis systems as soon 
as they can digitize and upload medical images onto 
computers. From the 1970s to the 1990s, early medical 
image analysis relied on sequential applications of basic 
pixel operations (such as edge and line detection and 
region-growing techniques) and mathematical models 
(such as line and shape fitting) to create complex rule-
based systems designed for specific tasks. This method 
resembles the expert systems of the era in artificial 
intelligence, which relied heavily on if-then-else logic 
[3].

By the late 1990s, supervised methods that used 
training data to create analytical models had gained 
traction in medical imaging. Techniques, such as 
active shape models for segmentation, atlas-based 
methods (where fitted atlases act as training data), and 
feature extraction paired with statistical classifiers (for 
computer-aided detection and diagnosis), have become 
prominent. This pattern recognition or machine learning 
approach remains the foundation of many successful 
medical imaging systems available today.

Naturally, the idea of allowing computers to learn the 
features that best represent data for specific tasks has 
led to the development of deep-learning algorithms. 
These models, built from numerous layered networks, 
process data inputs (such as images) to deliver outputs 
(such as detecting disease presence) by progressively 
identifying higher-level features.

Among deep learning models, convolutional neural 
networks (CNNs) have emerged as the most effective 
for image analysis. First applied to medical imaging in 
1995 and experiencing significant growth from 2012 
onward, deep convolutional networks have become a 
leading approach in computer vision [4].

Recently, molecular testing has become more 
prevalent, occasionally replacing the traditional tissue 
morphological assessments. However, breaking 
down the tissue for these tests can lead to a loss of 
crucial histopathological information. These include 
the host stromal response to malignancy and spatial 
arrangements, such as the tumor microenvironment, 
immune reaction to tumors, and rejection events in 
transplants [5]. 

Incorporating all these technological advancements 

now opens up a new dimension with the advent of 

computational pathology, particularly when integrated 

with new technologies, such as multiplexing and 3D 

imaging. We can delve into a detailed analysis of 

individual pathology image pixels. This approach unveils 

diagnostic, therapeutic, and potentially unexplored 

prognostic insights while retaining essential original 

data for future use [6].

The Workflow of Digital Pathology 

The workflow of digital pathology closely aligns with 

traditional histopathological processes, but includes 

some key distinctions. Digital pathology fundamentally 

differs with the use of whole-slide imaging (WSI) and 

AI-driven image analysis techniques. These innovations 

allow for digital capture and advanced examination of 

slides, enhancing diagnostic accuracy, enabling remote 

collaboration, and introducing efficiencies beyond 

conventional methods.

Whole Slide Imaging (WSI) is central to digital 

pathology and allows the creation of comprehensive 

digital replicas of glass slides. By scanning the slides 

at a high resolution, WSI preserves the cellular 

structures and details essential for accurate diagnosis. 

This enabled pathologists to navigate through images 

at multiple magnifications, effectively simulating the 

use of a traditional microscope. This ability to digitally 

zoom and pan across slides overcomes the constraints 

of physical slides, increases the diagnostic precision, 

and enables remote collaboration.

Image analysis further complements WSI by utilizing 

artificial intelligence (AI) and machine learning to 

evaluate digital images in ways that extend beyond 

manual examination. Algorithms are trained to detect, 

measure, and classify cellular features, and quickly 

process extensive datasets with minimal observer 

variability. This efficiency reduces diagnostic bias and 

promotes consistency, enhancing the overall accuracy 

of pathological assessments, while supporting rapid 

and precise diagnostics.

Adhering to the above pivotal steps and incorporating 

years of scientific research, the current digital pathology 
workflow can be outlined as follows:

Slide Preparation: Tissue samples were collected and 
processed, similar to traditional pathology. However, 
instead of physically mounting slides, they are scanned 
digitally to generate images.
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Slide Scanning: Prepared slides were inserted into a 
digital scanner to capture high-resolution images of 
the entire tissue section. These images are digitally 
stitched to produce complete digital representations of 
the tissue, known as whole-slide imaging (WSI).

Image Storage and Management: Digital images are 
securely stored in a database or server and organized for 
convenient access and retrieval. Each image is typically 
associated with metadata for reference purposes 
including patient information and slide identifiers.

Image Viewing, Analysis, and Reporting: This step 
closely resembles conventional pathology practices. 
Pathologists use specialized software at computer 
workstations to access digital images. They can view 
slides at various magnifications, annotate areas of 
interest, and conduct measurements and analyses. 
Diagnostic reports are generated based on their analysis 
of the digital images

Collaboration, quality assurance, and validation, as 
fundamental steps, should be conducted in accordance 
with the guidelines recommended by the Royal College 

of Pathologist [7].

Future of Digital Pathology in a Data Driven Era

Tremendous advancements in artificial intelligence (AI) 

have shaped the future of digital pathology. The Royal 

College of Pathologists (RCPath), in its February 2023 

position statement titled ‘Position Statement from the 

Royal College of Pathologists on Digital Pathology 

and Artificial Intelligence (AI)’, outlines its vision and 

approach in this evolving field. Key points from the 

statement emphasize that digital pathology and AI can 

streamline workflows, enhance diagnostic accuracy, 

and provide free time for pathologists by performing 

repetitive tasks. However, RCPath stresses that AI 

applications in healthcare must be clinically directed, 

and will not replace the expertise and interpretative 

role of pathologists in diagnosis. Rather, AI serves as 

a supportive tool to improve efficiency and consistency 

in pathology, while ensuring that the crucial insights of 

human pathologists remain at the forefront of patient 

care [8].

Although the above position statement was published in 

2023, discussions about shaping the future perspectives 

of digital pathology and data-driven technologies 

within the scientific and medical communities began 

approximately five years ago [9], and exciting future 

developments in digital pathology are evident in several 
key areas.

New digital pathology technologies are enhancing the 
link between specimen collection and pathology report 
generation, facilitating a smoother and more efficient 
data flow. Cutting-edge tools, such as automated 
multispectral slide imaging for multiplexing, allow the 
detection of multiple proteins within a single specimen, 
providing deep insights into tissue complexity. As noted 
by Kiran et al. [10], this state-of-the-art approach 
promotes diagnostic accuracy and rapid data access, 
thereby improving the quality of patient management 
through more comprehensive and timely pathology 
reports.

Automated molecular fluorescence tagging and 
imaging are also breaking new ground by enabling 
the visualization of proteins at the subcellular level, 
offering a valuable perspective in cancer pathology 
[11]. This technique allows for a detailed analysis of 
cellular environments and tumor heterogeneity, both of 
which are critical for understanding cancer progression. 
Research has shown that investigating the molecular 
profiles of cells using these tools can provide valuable 
information about tumor biology and facilitate tailored 
cancer treatments [12]. Moreover, this method 
enhances our ability to explore therapeutic targets by 
mapping protein co-expression, signalling pathways, 
and cell interactions linked to tumor growth and spread.

Quantum dots (qdots) paired with multispectral imaging 
represent another cutting-edge advancement in gene 
expression mapping in clinical samples. As photostable 
nanoparticles with distinctive spectral properties, qdots 
are ideal for advanced multiplexed imaging, which 
involves distinguishing multiple biomarkers within a 
single tissue sample [13]. Tyramide signal amplification, 
a key element in opal multiplex immunohistochemistry, 
amplifies detection signals while controlling antibody 
cross-reactivity, which is especially beneficial for 
complex assay processes. Incorporating these tools 
into digital pathology workflows significantly optimizes 
workloads, enhances diagnostic accuracy, and 
streamlines the integration of digital images into clinical 
information systems [14]. Together, these innovations 
mark a pivotal shift in pathology, making practices 
more efficient, consistent, and precise, and offering 
pathologists advanced tools for critical clinical decision 

making.
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Integration of Digital pathology in Sri Lankan context

Incorporating digital pathology into the healthcare 
sector of a low- to middle-income country such as Sri 
Lanka presents a nuanced landscape filled with both 
opportunities and challenges. While the advantages 
of digital pathology are clear, meticulous attention to 
details and a multifaceted approach are crucial to the 
decision-making process. It is important to note that 
a study conducted at a major academic healthcare 
institution estimated a potential 5-year total cost saving 
of $12.4 million for an institution with 219,000 annual 
accessions, based on anticipated improvements in 
pathology productivity and histology lab consolidation 
facilitated by the implementation of an enterprise-wide 
digital pathology system [15]. This underscores the 
significance of addressing initial challenges to pave the 
way for a more efficient future.

One major obstacle is the initial cost of setting up 
digital pathology infrastructure, which includes the 
purchase of scanners, software, and storage systems. 
In a low-middle income country, such as Sri Lanka, 
where healthcare budgets are limited, securing funding 
for such investments can be challenging. Moreover, 
ongoing maintenance and technical support for digital 
pathology systems require additional resources, which 
may strain the already stretched healthcare budgets.

Technical complexity is another challenge associated 
with adopting digital pathology in Sri Lanka. Training 
health care professionals in the use of digital scanners, 
image analysis software, and IT infrastructure may 
require significant time and resources. Additionally, 
ensuring data security and privacy compliance, 

particularly in the context of patient health information, 
is crucial but may require expertise that is not readily 
available in Sri Lanka’s healthcare sector. 

Furthermore, regulatory considerations such as the 
validation and certification of digital pathology systems 
must be addressed to ensure the safety, effectiveness, 
and compliance of these systems with quality standards. 
This may require collaboration with regulatory agencies 
and investment in capacity-building efforts to meet the 

regulatory requirements.

Conclusion 

Digital pathology, which encompasses the acquisition, 
management, and interpretation of pathological data 
within a digital framework, marks a transformative 
shift from traditional methods. By leveraging artificial 
intelligence (AI), particularly deep learning models 
such as convolutional neural networks (CNNs), digital 
pathology facilitates automated analysis, enhances 
diagnostic accuracy, and enables remote collaboration, 
although the interpretative role of pathologists remains 
essential. Future advancements, including multiplexed 
imaging, molecular fluorescence tagging, and quantum 
dots, promise unprecedented diagnostic precision and 
personalized insights, which are especially valuable 
in cancer pathology. However, in Sri Lanka, digital 
pathology faces challenges such as notably high initial 
setup costs, technical training requirements, and data 
security concerns. Despite these hurdles, its integration 
can significantly improve diagnostic efficiency and 
healthcare outcomes in resource-constrained settings, 
highlighting the need for thoughtful investments and 

strategic planning.
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