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Among the various branches of clinical pathology, histopathology has been the most conservative and slowest in
adapting to automation and digitisation in this era of information
technology (IT). It is still largely a manual and qualitative science;
and heavily dependent on the opinion of medical experts.1 The
last attribute of it imparts subjectivity to the ﬁeld. One of the main
reasons for its slow adaptation to automation is the fact that
several, manual and largely independent steps, are involved in
the preparation of material for visualisation under the microscopes by the pathologists and beyond, which, on a cursory look,
seem unﬁt for automation and digitisation. However, there is one
other example of a medical diagnostic ﬁeld with similar objections and reservations in the beginning; but which, during recent
past, has undergone successful digitisation, i.e. radiology. There
are many similarities between radiology and histopathology:
both are used for making diagnosis, both are subjective, and both
involve images. Nowadays, radiology has been successfully
transformed into ﬁlmless ﬁeld in most parts of the world. It is now
the turn of histopathology to convert into slideless arena and the
change is on the horizon.
Digital pathology (DP) is deﬁned as the practice of pathology
using digital images of whole microscopic sections on computers
rather than under the microscopes as is done in traditional histopathology, such that computers serve, as workstations for pathologists.2-4 It has become possible in recent years by the development of whole-slide imaging (WSI) scanners, which capture high-resolution images of microscopic sections at a very high speed
and at high magniﬁcation. They transform the glass slides into
digital slides, which are immediately archived in computer
systems and made accessible to all concerned. The digital slides
can be eﬃciently stored, accessed, analysed, retrieved and
shared with pathologists or scientists from across the world via
internet, using slide viewing and management softwares. In DP,
the glass slides are prepared in much the same way as in conventional microscopy; but instead of examining the slides under a
microscope, the slides are visualised on a computer screen.
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The pathologist can navigate the whole section at various
magniﬁcations and measure, analyse and annotate any
feature, using diﬀerent types of software. One of the main
advantages of DP involves acquisition of objective measurements of morphological, histochemical, and immunohistochemical features of microscopic sections, augmenting both the
amount and quality of data obtained from histologic evaluations of sections by image analysis and artiﬁcial intelligence (AI)
methods. The later falls in the domain of computational
pathology (CP), which is deﬁned as a branch of pathology that
involves extraction of information from DP images in combination with their associated meta-data, typically using AI methods
such as machine learning (ML) and deep learning (DL) to
achieve objective and standardised evaluations of pathology
material. Thus, CP may be deﬁned as the “omics” or “big data”
approach to pathology, wherein multiple sources of patient
information including pathology image data and patient meta-5
data are combined to extract patterns and analyse features.
ML and DL are types of AI-based computational methods,
commonly used in CP, which are able to "learn" how to perform
tasks based on examples or patterns.6 A related concept is MLpowered image analysis, which allows extremely accurate
image classiﬁcation or segmentation of a digital image. The
outputs of these computer-based tools may later be integrated
into a full CP program, once these image features are correlated
to other types of patient information besides the image itself.
While this type of computational analysis holds great promise
for a paradigm-shift in diagnosis and delivery of healthcare,
multiple hurdles remain, impeding its widespread clinical use.
Nevertheless, the ﬁelds of DP and CP are rapidly evolving, and
will increasingly transform the practice of histopathology,
permitting it to mature toward a quantitative science. Continuing advancements in high throughput laboratory and computational technologies are serving as a driving force for the creation of conducive environment for CP. A new discipline of “integrated diagnostics” is also rapidly emerging as combining radiology, pathology and laboratory tests with patient meta-data
and advanced IT to make more quick, eﬃcient, objective, and
accurate diagnosis; and to save economic and human
resources. DP and CP will be integral parts of this integrated diagnostic system.5-8 The ultimate goal of all these innovations in
pathology is to achieve optimal patient-care, especially in
cancer patients.
The digital slides can be evaluated and interpreted independent
of microscopes in the hospital laboratory, at home or at remote
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places via internet, giving autonomy and ﬂexibility to pathologists, a need of the hour, given the prevailing pandemic of novel
coronavirus disease 2019 (COVID-19), which has posed serious
threats to the way we live and work. Although, the use of DP and
CP is still in its early stage, it has the potential to revolutionise
the ﬁeld of histopathology. DP is already changing the
workﬂows of many laboratories in developed countries of the
world.3-6
Well established applications of WSI include rapid transmission
of digital images for telepathology and collaborations, standardisation and distribution of pathologic materials for education, research, publishing, slide archiving, and image analysis.
However, its widespread use for making primary diagnosis in
clinical laboratory is still in primitive stage. Recently, a breakthrough has been achieved for these innovative techniques as
FDA has approved the use of WSI for making primary diagnosis
in surgical pathology in USA.8
There are several challenges in implementing DP and CP on a
larger scale, particularly in developing countries, due to technical, logistical, and ﬁnancial reasons. It is a gigantic and costly
task for emerging economies. There are hurdles in its smooth
integration with existing IT infrastructure and workﬂows in the
laboratories in resource-constrained settings.4 However, given
the enormous long-term beneﬁts, it is worth implementing, as
in the long-term, the cost-beneﬁt ratio is favourable for DP and
CP. Before this dream is realised, there is a need to generate digital-quality pathology material by using standard equipment
and reagents. It is important for obtaining digital quality
images.
The innovation and sheer volume of whole slide images have led
to a number of image and data management challenges. One of
these challenges is Laboratory Information Systems (LIS),
which drive workﬂow and data management in most of the
pathology departments, which are not well equipped to
manage image level information.6-10
In conclusion, WSI, DP and CP are on the verge of revolutionising
the ﬁeld of histopathology; and the use of these technologies
could transform pathology from a largely manual, subjective
and qualitative ﬁeld into one that is data-driven, objective and
quantitative; and hence, more accurate, reliable and consistent
in informing patient-care.
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