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Abstract

Objective: Digital pathology (DP) is currently in the spotlight and is rapidly gaining ground, even though the history of this
field spans decades. Despite great technological progress, the adoption of DP for routine clinical diagnostic use remains
limited.

Methods: A systematic search was conducted in the electronic databases Pubmed-MEDLINE and Embase. Inclusion criteria
were all published studies that encompassed any application of DP.

Results: Of 4888 articles retrieved, 4041 were included. Relevant articles were categorized as “diagnostic” (147/4041, 4%)
where DP was utilized for routine diagnostic workflow and “non-diagnostic” (3894/4041, 96%) for all other applications.
The “non-diagnostic” articles were further categorized according to DP application including “artificial intelligence”
(33%), “education” (5%), “narrative” (17%) for reviews and editorials, and “technical” (45%) for pure research publications.

Conclusion: This manuscript provided temporal and geographical insight into the global adoption of DP by analyzing the
published scientific literature.
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Introduction
Digital pathology (DP) is currently in the spotlight and is
quickly gaining traction, despite the fact that this field has
a relatively long history spanning several decades.1

Telepathology was one of the initial applications of DP
that broke the centuries-old link between pathologist,
light microscope, and glass slides. Early digital images
were initially acquired using clumsy, but expensive,
devices that eventually evolved into robotic microscopes,
and finally whole slide imaging (WSI) scanners that we
employ today. The ease of digitizing a slide, portability it
offers, and ability to manipulate and analyze its pixels,
has slowly lead to the widespread adoption of WSI
systems. The niche telepathology applications of DP broa-
dened to including virtual educational, research, and
primary diagnosis where glass slides no longer need to be
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viewed using a traditional light microscope. Given the
amount of published evidence that has amassed regarding
the use or WSI for diagnostic purposes, the College of
American Pathologists recently updated their clinical guide-
line for validating WSI systems for diagnostic purposes in
pathology.2,3 Similarly, the European Society for Digital
and Integrative Pathology published best practice recom-
mendations for the implementation of a DP workflow.4

However, despite great strides in recent years and although
DP plays an important role in improving the progression of
healthcare, the adoption of DP remains limited to only a few
pathology laboratories.

The aim of the present manuscript is to provide tem-
poral and geographical insights into the adoption of DP
by analyzing the published scientific literature.
Moreover, we categorized the included studies in differ-
ent labels in order to provide an up to date of the
literature.

Materials and methods

Literature search and article screening

A systematic review of the literature, without language
restrictions, was conducted according to the guideline
for Preferred Reporting Items for a Systematic Review
and Meta-Analysis (PRISMA).5 The databases
PubMed and Embase were systematically searched
until July 2022 to identify any article regarding DP.
The search strategy comprised a combination of terms
including “digital pathology,” “telepathology,” “deep
learning,” “machine learning,” “telecytopathology,”
“virtual microscopy,” “artificial intelligence,” “deep
neural network” and their spelling variations, and was
designed to be an update of the original search per-
formed by Della Mea in 2011.1 Two authors screened
titles and abstract to decide on inclusion of the paper
in this study. Inclusion criteria encompassed the applica-
tion of any kind of DP technique. Data extracted
included: authors, year published, country of study,
and main topics indicated with a designed label
(defined below).

Definition of labels

Papers dealing with DP were included and categorized in
two main labels: “diagnostic,” for identifying works in
which DP was actually part of routine clinical workflow,
and “non-diagnostic” for all other applications, encompass-
ing any other study design (e.g. validation, quality assur-
ance). Additional specifications were added to the
“non-diagnostic” label, including “AI” whenever artificial
intelligence was involved, “education,” for works that
used DP for educational/training purposes, “narrative” for
reviews and editorials, and “technical” for pure research

works. Some of the papers have had more than one label
applied to them.

Graphical depiction

A complete list of included studies was extracted to the
Rayyan web application in .csv format and choroplethic
maps were generated according to the different labels
using a Python-based library which can be found at
https://plotly.com/python/choropleth-maps/#county-
choropleth-figure-factory.

Results

Literature search findings

A total of 4888 records were found and screened with the
aid of the Rayyan reference manager web application.6 Of
these, 4041 papers were finally included in our review,
representing studies dealing with DP published over
nearly four decades (between 1984 and 2022). The most
prolific author was Liron Pantanowitz with 124 papers
(3% of all papers), and the most popular journal was
Journal of Pathology Informatics (n = 286, 7% of all
papers).

Analysis by geographic continent

Analysis by continent (Figure 1) reveals that the major-
ity of papers were published by groups based in Europe
(n = 1552, 38%) followed by North America (n =
1536, 38%). However, in a subset of papers (n = 26,
0.6%) it was not possible to identify the geographic
location of the study. Focusing on European countries,
the majority of the studies were from England, followed
by Germany, Switzerland, Italy, and then France
(Figure 2).

Non-Diagnostic/diagnostic category

Overall analysis of papers (Figure 3) revealed that 3894
articles were applicable to the “non-diagnostic” category
(96%). Among “non-diagnostic” papers, given that some
studies of these had more than one label, the majority of
the works (n = 1774/3894, 45%) were categorized as
“technical” papers, followed by those dealing with “AI”
(n = 1312/3894, 33%), “narrative” studies (n = 673/
3894, 17%) and then “education” (n = 195/3894, 5%).
This distribution of labels was overall similar between
Europe and North America. The remaining studies
(n = 147, 4%) were categorized into “diagnostic” manu-
scripts, including a total of eight (n = 8/147, 18%) publica-
tions focused on the use of AI.

Among the 147 studies of the diagnostic category, most
were categorized as telepathology (n = 73, 50%), 49 (33%)
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Figure 1. Number of publications worldwide.

Figure 2. Number of publications in Europe.
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are papers that report the specific experiences of adopting
DP in their laboratory, 20 (14%) articles focus on specific
pathologies, and 5 (3%) articles deal with telecythology
(Figure 4).

Temporal analysis

Temporal analysis (Figure 5) shows an overall increasing
trend over five decades in the number of papers in each cat-
egory. Specifically, “technical” papers witnessed a rela-
tively sharp increase in the 2010s, while “AI” papers
soared only in recent years.

Cytology

Analysis of included studies found that 188 articles dealt
with cytology distributed as follows: the majority were
“non-diagnostic” (n = 180/188, 96%), while the remain-
ing papers were categorized as “diagnostic” (n = 8/188,
4%).

Discussion
DP has progressed steadily over the last few decades, with
content related to both “diagnostic” (clinical) and “non-
diagnostic” (non-clinical) applications. The history of DP

Figure 3. Number of publications for each label.

Figure 4. Overview of papers of the diagnostic category.
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started in the late 1960s, largely with telepathology.7 Back
in the 1990s, virtual microscopy (or WSI) scanners became
commercially available.8 Since the Food and Drug
Administration (FDA) in the USA approved the use of
WSI for diagnostic purposes in surgical pathology using
formalin-fixed paraffin embedded tissue,9 DP has devel-
oped into a thriving field. The work summarized in this ana-
lysis offers an updated pictorial overview of the published
literature related to DP and several of its applications.

In spite of all the progress made in the field of DP,
deployment of this technology in human clinical environ-
ments for full diagnostic use remains limited, even in coun-
tries with relatively adequate resources (e.g. North
America). Among the DP diagnostic applications studied,
publications appeared to largely represent narrations about
the adoption of DP in institutions of early adopters,10–15

or provided an account of DP being employed in develop-
ing countries (e.g. Tanzania, Cameroon, Pakistan) where
there is a critical shortage of pathology services necessary
for clinical care.16–21 Clinical applications addressed not
only the benefit of digitizing slides in general surgical path-
ology, but also niche areas of practice such as telepathology
for seeking second opinions (teleconsultation) in organ
transplantation.22,23 The critical need to provide remote
care and education virtually in pathology during the
COVID-19 pandemic acted as a catalyst for the adoption
of DP around the world.24–28

Despite advances in the application of WSI for general
surgical pathology (histopathology), areas such as cyto-
pathology that have lagged behind are slowly gaining
traction.29–31 Nevertheless, further research and valid-
ation studies demonstrating the diagnostic validity of
DP in routine cytology practice is still required.32

There are several reasons why WSI usage in cytopathol-
ogy has been slower than its use in histopathology.32–35

This is at least partly due to the unique nature of cyto-
logical preparations (e.g. slides with 3D cell groups,
thick smears, obscuring material such as blood and/or
mucin), as well as the need to screen the entire slide at
high magnification in order to examine every single
cell.36 For this reason, scanning a slide with just a
single focus layer is insufficient to adequately capture
all of the diagnostic information across all z-planes avail-
able in a cytological slide. Techniques have been devel-
oped to overcome this issue, such as extended focusing
(volumetric scanning) or multiple focus levels
(z-stacking), but at the cost of longer scan times and
larger WSI file sizes. Furthermore, with several of the
viewers available today, the examination of z-stacked
cytology WSIs remains problematic and may take
longer.34

The generation of DP data at scale creates novel chal-
lenges for the pathology community in managing, process-
ing, and governing the use of these data. In this context, the
crucial aspect concerns legal and ethical issues, such as the
need to ensure the protection of patient data and the con-
tinuity of their operations with backed up or stored in
secure locations, including secure cloud services.37

Furthermore, there is a developing literature on the ethics
of artificial intelligence in health, including specific legal
or regulatory questions such as whether there is a right to
an explanation of AI decision-making. Indeed the most dra-
matic trend observed is the emergence of AI, especially in
recent years (publications from 2018 to 2021). In the
current era of AI, several deep learning-based solutions
are being deployed in practice and in several pathology
laboratories justify their transition to DP. Pathologists
were among the first providers, several decades ago, to
seek computer-assistance for screening cervicovaginal
cytology.38 Since then, AI has been applied for multiple

Figure 5. Number of publications per decade.
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purposes in Pathology, as already happened in other areas
of medicine such as ophthalmology and radiology.39,40

Examples range from the simple leveraging of cell detec-
tion algorithms to count a specific type of cell,41,42 up to
fully analyzing a WSI and thereby rendering a diagno-
sis.43,44 Many of the publications on AI were very tech-
nical, and further work in this area is warranted to
validate the utility and outcomes of AI for routine diagnos-
tic use.

Many of the retrieved publications dealing with DP were
labeled as “non-diagnostic.” These works are of crucial
importance since these publications fuel translational
research that enables diagnostic use. Further publications
are necessary to support this transformation, specifically
clinical validation studies.45

Limitation

There are several potential limitations of our work. First, as
with any other literature review, this review is subject to
publication bias. We have evaluated the quantity and type
of publications in a bibliometric manner, and publication
bias can lead to an underestimation of the global adoption
of DP, especially in routine clinical practice. Additionally,
for the geographical analysis component we attributed
each paper to the country of the primary affiliation of the
corresponding author. This may not necessarily be entirely
accurate, but at least served as a good approximation.
Concerning the labels employed to categorize publications,
they were arbitrarily chosen which might introduce some
subjectivity. Nevertheless, we attempted to keep the classi-
fication of the published literature as simple as possible in
order to focus on macro themes, which were useful to
provide a global overview.

Conclusion
From the proposed analysis, designed to be an update of the
original search performed by Della Mea in 2011,1 it clearly
depicts the evolution of DP, from the first application with
telepathology to the development of AI. On 2011, 967
papers related to DP were included in Della Mea analysis;1

today the literature reveals that DP is a mature technology
that is currently deployed in many pathology laboratories
and that others are in the process of, or considering, trans-
forming to going fully digital. While there were many clin-
ical and non-clinical publications regarding DP, there is
room for more studies about diagnostic applications in the
literature. The relevant difference in terms of numbers
between “diagnostic” and “non-diagnostic” papers shows
that a fully digital approach to the histological workflow
has been implemented in a minority of pathology laborator-
ies. One of the most important barriers has been the valid-
ation of the systems, including regulatory approval.
Furthermore, we must consider that not all the laboratories

have been published their own experiences with DP. These
laboratories that have embarked on the journey to integrate
DP into routine workflow are encouraged to publish their
experience.
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