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Abstract 

Digital pathology (DP) adoption in Latin America has expanded slower than in developed regions, probably due 
to many barriers not seen in the latter areas. This article aims to present the current scenario in the region, highlight‑
ing barriers and possible solutions to encourage its adoption in Latin American countries.

Methods An expert panel of 9 Latin American medical pathologists and 1 information technology specialist partici‑
pated in an online modified Delphi panel, utilizing a third-party platform (iAdvise, Within3, USA). Thirteen pre-pre‑
pared questions were answered interactively.

Results Experts’ observations confirm the paucity of labs in the region that utilize digital pathology technology. 
The panel ranked obtaining second opinions and presenting images remotely as the main benefit of a digital 
pathology system, although many others were cited as well. Cost of implantation was the main barrier mentioned 
by the experts. Payers’ and decision makers’ lack of awareness of benefits ranked second as a barrier to DP implemen‑
tation. Internet infrastructure was also mentioned as a concerning issue in the region. Besides diagnostic pathology 
services, proposed revenue incomes included commercialization of digital services to other institutions, loan agree‑
ments of equipment and software, and organizing courses for pathologists or residents. The need for alternative 
reimbursement methods for diagnostic services was also mentioned. A regional network of collaborating institutions 
was also suggested as a viable solution to reach distant areas and laboratories lacking the technology.

Conclusions The benefits of DP are clear to the expert panel, but cost and lack of awareness of its benefit may be 
hampering its widespread adoption in Latin America.
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Background
The practice of pathology in the developing world pre-
sents numerous challenges in terms of limited resources, 
shortages of subspecialists and trained laboratory person-
nel, and lack of continuing education programs (Sohani 
and Sohani 2012). Widespread adoption of digital pathol-
ogy (DP) in Latin America has been hindered by its lack 
of reimbursement, due to the low level of information of 
its value throughout the scientific community and among 
decision-makers and payers. The unfamiliarity with this 
technology has negatively impacted its implementation 
in Latin American laboratories, putting the region at a 
significant efficiency disadvantage and distance from the 
developed markets.
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Digital pathology can be defined as the set of tools and 
systems to digitize pathology slides and associated meta-
data, their storage, review, and analysis together with the 
necessary infrastructure (Abels et al. 2019). The DP pro-
cess encompasses acquisition, retrieval/storage, manipu-
lation, sharing, and analysis of the information in the 
glass slides (Hanna et al. 2020).

In pathology, digital images can be used to make pri-
mary diagnoses, offer second opinions (telepathology), 
execute quality assurance (e.g., re-review and proficiency 
testing), provide education, be used in academic pres-
entations, perform research, and be published. Market-
ing and business purposes, and tracking (e.g., audit trail 
of how an image was viewed), are also possibilities when 
using digital systems (Pantanowitz 2010).

A recent systematic review and meta-analysis showed 
that DP is equivalent to conventional light microscopy 
regarding clinical concordance (98.3% (95% CI 97.4 
to 98.9), although some discrepancies were described 
(Azam et al. 2021). Furthermore, individual studies have 
shown that DP can be time (Baidoshvili et al. 2018) and 
cost-saving (Hanna et al. 2019).

The evidence described above seems insufficient to fos-
ter DP’s implementation in Latin America, and a deeper 
inquiry into its utilization in the region may provide 
insights to understand this gap.

The main objective of this article is to present the cur-
rent experience of Latin American pathologists with digi-
tal pathology, highlight barriers to its implementation in 
Latin America and propose solutions to achieve its adop-
tion in the region.

Methods
A modified Delphi method was used to prepare an algo-
rithm using the iADVISE platform (Within3, OH, USA). 
Ten experts from Latin American countries iteratively 
answered 13 questions (Supplementary Table  1) online 
for two weeks about the use of digital pathology, its appli-
cations, and barriers for implementation in the region. 
The questions were written by an experienced pathologist 
and a medical oncologist with high expertise in the area 
and reviewed by the multidisciplinary panel. The experts 
also met for 28 days to write and revise the manuscript 
using the iADVISE platform.

Results and discussion
Current DP uses in Latin America
Digital Pathology systems have been used in Latin Amer-
ica for morphometric analysis (Sanz Pupo et  al. 2006), 
histology (Araújo et  al. 2009), histochemistry (Melo-
Júnior et al. 2006), immunohistochemistry (Araújo-Filho 
et  al. 2006; Silva Júnior et  al. 2009), neuropathology 
(Peixoto-Santos and Blumcke 2021), medical education 

(Monteiro et  al. 2015; Pérez et  al. 2016), and reproduc-
ibility research (Schettini et  al. 2011). Besides those 
reports, the experts in the panel also report utilizing DP 
systems for measurements of cancer invasive borders, 
static cytometry, intra-operatory biopsy analyses, crea-
tion of digital archives, telepathology, research, publica-
tions, and videoconferencing.

Digital pathology systems
The digital pathology ecosystem has two main compo-
nents: the information systems (hospital information sys-
tems, electronic medical records, laboratory information 
systems, and others), the digital pathology system (hard-
ware and software), and its tools (Hanna et al. 2020).

Whole slide imaging (WSI) involves digitizing or scan-
ning glass slides to produce "digital slides" for viewing by 
humans or subjecting them to automated image analysis 
(Pantanowitz et al. 2011). Whole image scanners (WSS) 
were developed in the 1990s (Hanna et al. 2020) and are 
currently capable of producing high-resolution digital 
images at multiple magnifications and focal planes (Pan-
tanowitz et al. 2011).

A white paper from the North American Digital Pathol-
ogy Association (Zarella et al. 2019) presents an overview 
of WSI technology. It demonstrates several immedi-
ate applications of WSI that support pathology practice, 
medical education, research, and collaboration.

Routine workflow in a digital pathology lab may be 
divided into pre-scanning, scanning, and post-scanning 
tasks. For a review of workflow details, its implementa-
tion, and some drawbacks, see the review by Hartman 
(Hartman 2020). Stathonikos et  al. (Stathonikos et  al. 
2021) described the experience of implementing a fully 
digital lab in the Netherlands and all the hurdles and suc-
cesses encountered during the process.

Implementation of DP systems
Before implementing any DP system, a thorough analy-
sis of its attributes and the laboratory requirements must 
be performed. Fast image scans and the production of 
high-quality images are the main attributes the panel 
describes as essential features for a digital pathology sys-
tem. Table  1 shows other characteristics needed for the 
ideal DP system.

The cost was the leading topic when discussing the cur-
rent barriers of digital pathology implementation in Latin 
America. In 2017, Griffin and Treanor (Griffin and Trea-
nor 2017) estimated that, for implementing a fully digi-
tized university hospital histopathology lab in the UK, 
the initial cost would be £1,4 million, and maintenance 
costs would be £250,000.00 per year. For a 10% increase 
in efficiency, the cost would be repaid in 2 years; for an 
increase of 15%, it would be paid in 1 year. A recent study 
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analyzed the cost-saving benefits of a fully deployed digi-
tal pathology lab at the Memorial Sloan Kettering Cancer 
Center (Hanna et  al. 2019). The authors demonstrated 
that, when comparing operational costs before and after 
the implantation of DP, five-year projected savings would 
be US$ 1,3 million after installation.

Two reports show that DP may save time and increase 
the efficiency of the workflow. Baidoshvili et  al. 2018 
reported saving an average of 19  h of a workday in five 
different workflows. The highest savings was in routine 
diagnosis and multidisciplinary meeting workflows. Sav-
ings of 19 h/day translated into 2.63 full-time-equivalent 
laboratory staff (36-h working week), corresponding to 
€120 000/year. Studying consultation times before and 
after DP, Vergani et al. (Vergani et al. 2018) showed that 
the turnaround time of consultation diagnostic reports 
significantly differed from conventional (mean 12  days; 
range, 3 to 45) to digital (mean 1.4  days; range, 1 to 2) 
workflows. The overall cost switched from 3365 euros per 
conventional report to 300 euros for the digital system.

Experts in the panel believe that most pathology labs 
in the region lack the resources to implement complete 
systems and that payers and decision-makers overlook 
the benefits such systems can offer. Table 2 shows the 
main barriers experts encounter when trying to imple-
ment or adopt DP systems. Initial costs for DP implan-
tation seem a very significant impediment for small 
or medium laboratories. Another important barrier is 
the reimbursement of routine diagnostic workups due 
to complex negotiations with payers and providers. 
One expert commented that implementing DP in most 
labs in Latin America could be challenging due to the 
lack of infrastructure in the current scenario. Concern 
about possible wage reductions for the pathologists 

was also mentioned, although no reports describing 
such reductions could be found.

Use of digital images in practice
According to the panel, pathology labs using a digital 
platform in Latin American countries vary from zero 
to more than 10 per country, while more than a hun-
dred are thought to exist in the whole region. There are 
no objective estimates of this number available in the 
medical literature. Slide scanners, tissue processing and 
staining protocols, automatic slide labeling, and image 
analysis algorithms are the most cited digital processes 
in use, as reported by the panel.

Ninety percent of the experts agreed that DP might 
contribute to increasing diagnostic efficiency in pathol-
ogy labs. Reasons for this increase are presented in 
Table 3.

According to the panel, patients would also benefit, 
mainly because of better access to second opinions 
and case sharing with other experts. Other benefits for 
patients are shown in Table 4.

The ease of consulting with other experts for a sec-
ond opinion was also ranked as a significant benefit 
for pathologists, followed by the possibility of working 
remotely and using DP as a tool for medical training. 
Table  5 shows other benefits for pathologists men-
tioned by the experts in the panel.

Table 1  Ideal features of a digital pathology system

User friendly

Versatile reader

Robust cloud/fast server and web viewer

Affordable cost

Small size, low weight and low noise when scanning

Low heat generation

Low failure rate

Remote viewing

Adequate storage capacity

Automatic scanning

On-site technical support

Easy integration with the LIS (Laboratory Information System)

Continuous flow of production

Data integration with hospital databases

Table 2  Main barriers for the implementation of a digital 
pathology system

Costs of implementation and maintenance

Payers and decision makers overlook the benefits

Lack of support for Pathology areas by Hospital administrators

Lack of adaptation and acceptance by doctors

Lack of standardization

Cost of digital storage is greater than the physical storage

Lack of an adequate strategy for the digitization of images

Low proportion of laboratories with technical quality certification

Pathologists are not aware of its benefits

Lack of reimbursement

Complexity of use

Lack of guidelines for validation of diagnostic methods

Fear of job replacement

Low automation of the technical area

Slide grids/baskets that can be transferred automatically from autostain‑
ers and scanners preventing manual manipulation and wax contamina‑
tion

High costs of on site technical assistance
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Non‑routine uses
Telepathology and second opinion
The panel ranked the ease digital pathology offers 
in obtaining second opinions and presenting images 

remotely as the main benefit of a digital pathology 
system.

Telepathology has been validated by the American Tel-
emedicine Association (Evans et al. 2015) and approved 

Table 3  Reasons for increased efficiency when using digital pathology systems

Images are remotely shared with multiple pathologists and viewed simultaneously

Review cases anytime, anywhere

Don’t waste time preparing for shipping or fighting with courier services

Not having to move boxes with slides to home or to other hospitals, which is cleaner and safer

Reduce shipping times

Greatly improve teaching activity

Decrease interobserver variability with certain markers

Offer multi-magnification assessment, diagnosis, archiving, easy access, special studies with defined algorithms

Pathologists may subspecialize since they can concentrate cases from different institutions

Standardize quantitative techniques and lesion detection

Improve productivity of pathologists

Improve workflow in the laboratory and therefore decrease response times

Increase in number of samples (biopsy type)

Pathologists may focus initially on simple, easy-to-train algorithms and subsequently dedicate time to cases of greater complexity

Table 4  Benefits of DP for patients

Better access to second opinions and sharing with other experts

Standards are guaranteed in labs that use algorithms and AI

Consensus diagnoses in problem cases

Greater access to companion diagnostics and targeted therapies

Reduced time for diagnosis

The possibility of sending digital images when a patient is referred to another institution, reducing waiting times in the delivery of material (blocks 
and sheets)

Reduces the possibility of loss or damage of the material

The digitized image could be delivered to patients, thus reducing the risk of damage to the slide

Academy and research

Contribution in precision and standardization especially in quantitative techniques

Development of collaborative research studies with international working groups

Table 5  DP benefits for pathologists

Enable participation in accreditation and quality programs

Facilitate management of pathology labs, leading to greater efficiency

Improve archiving with digital files

Share images of the lesions in oncology meetings, bringing the pathology closer to other specialists and avoid having to take photos for these meet‑
ings

Allows the use of algorithms and AI for research

Quantify antigen expression more objectively and accurately

Quantify volumes of structures allowing a much more precise biometric morpho analysis

Make the art that is pathological anatomy more objective

Optimize slide storage space and migrate easily accessible and referenced footage to digital storage

Optimization of work time

Image traffic and what we can do with training

Digitized files for multiple purposes (research, teaching, clinical forums)
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by the FDA for primary diagnosis in surgical pathol-
ogy when using a specific system (Commissioner 2020; 
Evans et  al. 2018; Kumar et  al. 2020). The approval did 
not exclude the need for local validation when labs can 
identify other (e.g., histology-related) issues specific to 
their laboratory that may need to be addressed to opti-
mize workflow and/or image quality for diagnosis by WSI 
(Evans et al. 2018).

Telepathology has the potential to address the problem 
of insufficient anatomic pathology expertise (Sayed et al. 
2018). A study in Tanzania showed a potentially high 
diagnostic validity, especially for selected groups of dis-
eases (Voelker et al. 2020). Another report from North-
ern Italy (Liscia et  al. 2020) demonstrated that working 
remotely during the COVID-19 pandemic was feasible 
and considered an essential tool to maintain the report-
ing activity in a pathology unit.

Fischer et  al. described barriers to the widespread 
adoption of telepathology in low-income countries (Fis-
cher et al. 2011). They include inconsistent internet con-
nectivity, high initial costs depending on image type 
required, lack of laboratory technical quality certification, 
the limited number of companies that provide laboratory 
information systems, expertise in slide preparation, and 
equipment maintenance (Fischer et al. 2011).

Education
Several initiatives taken before and during the COVID-
19 pandemic showed that digital pathology systems could 
be used effectively for training purposes (White et  al. 
2021). The experts mentioned training medical residents 
as one of the more important uses of digital pathology in 
Latin America. The primary concerns when using WSI 
for training are centered on connectivity issues (Evans 
et al. 2021).

Recent articles and reviews have described learning 
curricula for medical training (White et  al. 2021; Evans 
et al. 2021; Roy and Cecchini 2020; Kim et al. 2021) and 
reviewed resources that may be helpful when implement-
ing a digital pathology education system (Marée 2019; 
Saco et al. 2016).

Academic or hospital meetings
Presentation of pathology findings in clinical confer-
ences, academic meetings, and tumor boards are fre-
quent events in academic or hospital settings, and the 
use of WSI has increased in the last few years (Chen et al. 
2014). Traditional microscope projection was compared 
in a small study (Chen et al. 2014) to oil-immersed WSI 
regarding processing and presentation time and clini-
cal team satisfaction. There was no statistical difference 
in preparation and presentation times. The clinical team 
considered the use of WSI as better overall (p = 0.0004), 

to have better image quality (p < 0.0001), to be more effi-
cient (p < 0.0001), and to be more helpful for clinical deci-
sion making (p = 0.007).

Other advantages mentioned by the experts in 
our panel are more straightforward access to previ-
ous images and other samples, time saved from taking 
microphotographs for presentations, and more inter-
active and dynamic discussions because of the ease to 
show areas of interest and change the magnification of 
slides.

Image analysis and artificial intelligence algorithms
Computer-assisted diagnosis (CAD) comprises techni-
cal procedures using digital algorithms to assist medical 
diagnoses. During the past 25  years, CAD has evolved 
into a frequently used research tool and is becoming one 
of the major research areas in medical imaging (Pallua 
et al. 2020).

Computer-assisted analysis of histological images 
seems to simplify the workflow because of automa-
tion and consistent interpretation (Pallua et  al. 2020). 
The combination of computational power, high-quality 
digital cameras, and WSI scanners, together with the 
improvement of image analysis algorithms, offer robust 
quantification of protein expression, objectivity, and 
reproducibility (Pallua et  al. 2020). The most crucial 
advantage of computational pathology is to reduce errors 
in diagnosis and classification (Cui and Zhang 2021). The 
use of artificial intelligence algorithms in digital pathol-
ogy is an area of extensive research and can improve the 
sensitivity and accuracy of the diagnoses and improve 
turnaround time (Cui and Zhang 2021).

WSI is ideal for collaborative studies of rare diseases, 
such as uveal melanoma (Zhang et  al. 2020) or malig-
nant peripheral nerve sheath tumors, (Miller et al. 2020) 
where images may be analyzed using a standard protocol. 
Cancer registries and other biorepositories may use WSIs 
and clinical metadata to perform large clinical stud-
ies on prognosis and treatment, using machine learning 
protocols (Hanna et  al. 2020). The generation of high-
quality images is also a feature of digital systems (Zarella 
et al. 2019), which aids the pathologist when publishing 
research results.

Utilization of digital pathology in the routine diagnostic 
workflow
Primary diagnosis in digital pathology refers to making 
the final reported pathology diagnosis when reviewing 
WSI, without first looking at the glass slide (Hanna et al. 
2020). Scanners can perform whole slide imaging in dif-
ferent imaging modes such as brightfield, widefield fluo-
rescence, confocal, structured illumination, multiplexing, 
and/or multispectral (Mungenast et al. 2021); brightfield 
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scanning emulates standard brightfield microscopy and 
is the most common and cost-effective approach (Zarella 
et al. 2019).

Immunohistochemical studies are particularly suited 
to digital image analysis, with some biomarkers approved 
for quantification using the specified reagents and soft-
ware (Hanna et  al. 2020). Breast cancer biomarkers are 
by far the most prominent clinical application of digital 
image analysis in surgical pathology (Cornish 2020).

A companion diagnostic device is a diagnostic tool 
that provides information that is essential for the safe 
and effective use of a corresponding therapeutic product 
(FDA Center and for Devices and Radiological Health 
2021). The accurate assessment of immune checkpoint 
inhibitors predictive markers in different tissue compart-
ments is critical to select the best therapy option for an 
individual patient. Software-assisted tools might play 
a crucial role in the stratification of patients to specific 
therapies in the age of immunotherapies and beyond 
(Huss and Coupland 2020). A list of approved USA FDA 
tests can be viewed at https://​www.​fda.​gov/​medic​al-​devic​
es/​in-​vitro-​diagn​ostics/​list-​clear​ed-​or-​appro​ved-​compa​
nion-​diagn​ostic-​devic​es-​in-​vitro-​and-​imagi​ng-​tools.

Seventy percent of the experts agreed that DP might 
support and increase the implementation of CDx tests 
in routine practice among pathologists. The digitization 
of slides can facilitate access to predictive markers and 
enhance personalized medicine once respective thera-
pies are approved and reimbursed in Latin American 
countries.

One non peer-reviewed data survey (Can et  al. 2023) 
found that Latin America has 17 pathologists per million 
inhabitants, while North America has 50 to 65 patholo-
gists per million people. In this scenario, optimal disease 
specific care to patients and health statistics may be lack-
ing (Roberts 2013).

The experts perceived digital tools to provide a remote 
diagnosis intra-operatively as a significant advantage of 
DP. A systematic review (Dietz et al. 2018) of 56 intraop-
erative telepathology studies showed a concordance rate 
between DP and the reference standard of 96.9% (range 
68.8 to 100%). This review included studies performed in 
the 1990s utilizing older techniques, which may explain 
the wide range in the concordance rate. Preanalytical fac-
tors such as poor tissue sampling, staining, slide prepa-
ration, and lack of knowledge of gross findings were 
common causes of discrepancies reported. In another 
systematic review (Dietz et  al. 2020), the same group 
reported that DP diagnosis from a specialist resulted in a 
better diagnosis than what would have been reported by 
a general pathologist using conventional microscopy.

According to the panelists, distancing the patholo-
gist from the operating or gross rooms is not seen as a 

problem, except in the case of the need for further dis-
cussion of a case, which may be overcome by other tech-
nologies. The opportunity to integrate the gross, clinical 
or surgical information is fundamental to redesign flows 
and define schedules, including pathologist time in the 
gross or surgical room.

Literature focusing on digital cytopathology is still 
scarce. The tridimensional distribution of material, the 
multiple stains used in routine practice, and the lack of 
tissue reference are some of the cytology-specific chal-
lenges that make standardization of the technique more 
difficult (Zhang et  al. 2020). Kumar et  al. published a 
recent review (Schettini et al. 2011) concentrating on this 
issue.

Suggestions to overcome implementation barriers
The decision to implement a digital system in a pathology 
lab must consider several factors, including costs, time, 
and effort spent in the transition (Lujan et al. 2021). The 
Digital Pathology Association published a guide (Lujan 
et  al. 2021) for conducting a thorough and complete 
assessment of the needs of pathology laboratories before 
the implantation of DP.

The expert panel suggested several ideas to facilitate 
the adoption of DP in Latin American labs and increase 
revenue (Table  6). Suggestions included the commer-
cialization of digital services to other institutions, loan 
agreements of equipment and software, and organizing 
courses for pathologists or residents, among other ideas. 
One recurring suggestion was the creation of a collabo-
rative network of pathologists in the region that could 
provide more efficient use of resources, offering services 
to distant areas and generating opportunities for training 
and education.

Other revenue opportunities include WSI‑based image 
analysis, computational pathology, precision medicine, 
drug development, clinical trials, and big data (Lujan 
et al. 2021).

Before adopting DP in the region, the experts rec-
ommend that important factors be addressed, such as 
pathologists and staff training, optimization of the inter-
net infrastructure, availability of companies that provide 

Table 6  Ideas for adoption of DP and increase revenue

Commercialization of digital services

Paid consultations at distant institutions

Web of pathologists specialized in DP

Training courses for pathologists and residents

Alliances with universities, hospitals and state institutions

Lending of equipment and software

Access to complete solutions (antibodies, scanners, software, laboratory 
systems, etc

https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools
https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools
https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools
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and support complete digital pathology workflows, and 
awareness and education of payers’ and reimbursement 
issues.

Alternative reimbursement models to facilitate DP 
adoption and commercialization in Latam
Most laboratories in the region follow traditional pay-
ment systems where every procedure is billed (fee-for-
service, personal observations). Innovative payment 
systems include value-based agreements (Zanotto et  al. 
2021), and merit-based incentive systems (Kl and Da 
2021), among others. Value-based agreements offer pay-
ments based on quality over quantity, while the costs are 
based on historical expenditures and value for patients. 
Merit-based systems were implemented in the USA in 
2017 (Kl and Da 2021)]and include 4 distinct categories, 
quality, advancing care information, improvement activi-
ties, and cost, each contributing to a score that defines 
the final payment.

Homeyer et  al. (Homeyer et  al. 2021) wrote a review 
about the implementation of artificial intelligence in 
pathology and discussed some economic aspects of such 
enterprise. Of note, the review presents several ideas and 
concepts that may be useful for those planning to adopt 
digital solutions in the pathology lab. The authors suggest 
the creation of a business model canvas, defined as "the 
rationale of how an organization creates, delivers, and 
captures value." A value proposition for customers is at 
the heart of a business model, and in the case of artificial 
intelligence in pathology, it includes cost reduction, qual-
ity improvement, and innovation (Homeyer et al. 2021). 
Cost structure, key partners, key resources and activi-
ties, customer relationships, and revenue streams are also 
part of a business model that needs to be defined before 
launching a new solution in the market. Knowledge of 
regulatory approval procedures in each country is essen-
tial for the successful implementation of DP systems.

Conclusions
During the latest pandemic, pathologists have been work-
ing remotely in many circumstances to protect themselves, 
colleagues, family members, and the delivery of clinical 
services (Browning et al. 2021). Digital pathology has been 
shown to contribute to the maintenance of  the workflow 
in pathology labs (Voelker et  al. 2020; Liscia et  al. 2020), 
even with the social distancing restrictions. This article 
described the experience and expectations of Latin Ameri-
can pathology experts regarding DP implementation in the 
region.

The adoption of digital systems offers opportunities 
for increased cost-efficiency in pathology labs around 
the world (Hanna et al. 2019; Griffin and Treanor 2017). 

However, the initial costs of implementation may be 
a great barrier for laboratories in developing regions 
such as Latin America. Another way to demonstrate DP 
cost-efficiency in Latin America would be through per-
forming HEOR (Health economic & outcome research) 
studies, which would bring real-world data to show its 
economic value.

Digitization in pathology is presently less com-
mon and still less standardized than in other areas of 
medicine. Still, the development of advanced CAD-
based applications will provide a massive potential for 
cost-saving measures through increased efficiency and 
patient safety (Pallua et  al. 2020). Several issues need 
to be resolved to guarantee the region-wide implanta-
tion of digital pathology systems, such as internet infra-
structure, professional training, and reimbursement 
problems.

In association with other stakeholders, a Latin Amer-
ican network of pathologists might be able to over-
come some of the barriers, providing the benefits of DP 
to laboratories, pathologists, and patients. This Latin 
American network may pave the way for this unavoid-
able change that will transform how pathological diag-
noses are interpreted, reported, and used for clinical 
decision-making.

Abbreviations
CAD	� Computer-assisted diagnosis
CDx	� Companion diagnostic tests
DP	� Digital pathology
LIS	� Laboratory information system
TP	� Telepathology
WSI	� Whole slide imaging
WSS	� Whole image scanner

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s42047-​023-​00135-z.

Additional file 1: Supplementary Table 1. 

Acknowledgements
We thank Dr. Tomás Neves and Dr. Paula Toro (F. Hoffmann-La Roche Ltd.) for 
the creation of the questions. F. Hoffmann-La Roche Ltd. provided medical 
writing support, executed by Conscient Consultoria Científica (São Paulo, 
Brazil).

Authors’ information
Not applicable.

Authors’ contributions
All authors have participated in an expert panel, provided their insights, and 
reviewed the manuscript.

Funding
This work received funding from F. Hoffmann-La Roche Ltd.

Availability of data and materials
Not applicable.

https://doi.org/10.1186/s42047-023-00135-z
https://doi.org/10.1186/s42047-023-00135-z


Page 8 of 9García‑Rivello et al. Surgical and Experimental Pathology            (2023) 6:10 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors have provided their consent for publication.

Competing interests
All authors received honoraria for panel participation funded by F. Hoffmann-
La Roche Ltd. The authors declare no other conflicts of interest.

Received: 11 August 2022   Accepted: 26 June 2023

References
Abels E, et al. Computational pathology definitions, best practices, and recom‑

mendations for regulatory guidance: a white paper from the Digital 
Pathology Association. J Pathol. 2019;249:286–94.

Araújo GL, Telles AM, Lima FE, Pontes Filho NT. Machado MC Análise 
histológica e histoquímica de fatores prognósticos em pacientes com 
retocolite ulcerativa. Rev Bras Colo-proctol. 2009;29:7–14.

Araújo-Filho JLS, et al. Galectina-3 em tumores de próstata: imuno-
histoquímica e análise digital de imagens. J Bras Patol Med Lab. 
2006;42:469–75.

Azam AS, et al. Diagnostic concordance and discordance in digital pathology: 
a systematic review and meta-analysis. J Clin Pathol. 2021;74:448–55.

Baidoshvili A, et al. Evaluating the benefits of digital pathology implementa‑
tion: time savings in laboratory logistics. Histopathology. 2018;73:784–94.

Browning L, et al. Digital pathology and artificial intelligence will be key to 
supporting clinical and academic cellular pathology through COVID-19 
and future crises: the PathLAKE consortium perspective. J Clin Pathol. 
2021;74:443–7.

Chen ZW, Kohan J, Perkins SL, Hussong JW, Salama ME. Web-based oil immer‑
sion whole slide imaging increases efficiency and clinical team satisfac‑
tion in hematopathology tumor board. J Pathol Inform. 2014;5:41.

Commissioner, O. of the. FDA allows marketing of first whole slide imaging 
system for digital pathology. FDA. 2020. https://​www.​fda.​gov/​news-​
events/​press-​annou​nceme​nts/​fda-​allows-​marke​ting-​first-​whole-​slide-​
imagi​ng-​system-​digit​al-​patho​logy.

Cornish TC. Clinical Application of Image Analysis in Pathology. Adv Anat 
Pathol. 2020;27:227–35.

Cui, M. & Zhang, D. Y. Artificial intelligence and computational pathology. Lab 
Invest. 2021;1–11 https://​doi.​org/​10.​1038/​s41374-​020-​00514-0.

Dietz RL, Hartman DJ, Zheng L, Wiley C, Pantanowitz L. Review of the use of 
telepathology for intraoperative consultation. Expert Rev Med Devices. 
2018;15:883–90.

Dietz RL, Hartman DJ, Pantanowitz L. Systematic Review of the Use of 
Telepathology During Intraoperative Consultation. Am J Clin Pathol. 
2020;153:198–209.

Evans AJ, Krupinski EA, Weinstein RS, Pantanowitz L. 2014 American Telemedi‑
cine Association clinical guidelines for telepathology: Another important 
step in support of increased adoption of telepathology for patient care. J 
Pathol Inform. 2015;6:13.

Evans AJ, et al. US Food and Drug Administration approval of whole slide 
imaging for primary diagnosis: a key milestone is reached and new ques‑
tions are raised. Arch Pathol Lab Med. 2018;142:1383–7.

Evans AJ, et al. Use of whole slide imaging (WSI) for distance teaching. J Clin 
Pathol. 2021;74:425–8.

FDA Center for Devices and Radiological Health. List of Cleared or Approved 
Companion Diagnostic Devices (In Vitro and Imaging Tools). (FDA, 2021).

Fischer MK, et al. Establishing telepathology in Africa: Lessons from Botswana. 
J Am Acad Dermatol. 2011;64:986–7.

Griffin J, Treanor D. Digital pathology in clinical use: where are we now and 
what is holding us back? Histopathology. 2017;70:134–45.

Hanna MG, et al. Implementation of Digital Pathology Offers Clinical and 
Operational Increase in Efficiency and Cost Savings. Arch Pathol Lab Med. 
2019;143:1545–55.

Hanna MG, Parwani A, Sirintrapun SJ. Whole Slide Imaging: Technology and 
Applications. Adv Anat Pathol. 2020;27:251–9.

Hartman DJ. Whole-slide Imaging: Clinical Workflows and Primary Diagnosis. 
Adv Anat Pathol. 2020;27:236–40.

Homeyer A, et al. Artificial intelligence in pathology: From prototype to prod‑
uct. J Pathol Informatics. 2021;12:13.

How AI Can Help Address The Global Shortage of Pathologists | LinkedIn. Cited 
2023 Jun 12. Available from: https://​www.​linke​din.​com/​pulse/​how-​ai-​
can-​help-​addre​ss-​global-​short​age-​patho​logis​ts-​colan​gelo/.

Huss R, Coupland SE. Software-assisted decision support in digital histopathol‑
ogy. J Pathol. 2020;250:685–92.

Kim D, Hanna MG, Vanderbilt C, Sirintrapun SJ. Pathology Informatics Educa‑
tion during the COVID-19 Pandemic at Memorial Sloan Kettering Cancer 
Center (MSKCC). Acta Medica Academica. 2021;50:136–42.

Kl, L. & Da, K. Current and Future Status of Merit-Based Incentive Payment 
Systems. The Urologic clinics of North America 48, (2021).

Kumar N, Gupta R, Gupta S. Whole Slide Imaging (WSI) in Pathology: Current 
Perspectives and Future Directions. J Digit Imaging. 2020;33:1034–40.

Liscia DS, et al. Whole-slide imaging allows pathologists to work remotely in 
regions with severe logistical constraints due to Covid-19 pandemic. J 
Pathol Inform. 2020;11:20.

Lujan G, et al. Dissecting the business case for adoption and implementation 
of digital pathology: A white paper from the digital pathology associa‑
tion. J Pathol Inform. 2021;12:17.

Marée R. Open Practices and Resources for Collaborative Digital Pathology. 
Front Med. 2019;6:255.

Melo-Júnior MR, et al. Digital image analysis of skin neoplasms evaluated by 
lectin histochemistry: potential marker to biochemical alterations and 
tumour differential diagnosis. J Bras Patol Med Lab. 2006;42:455–60.

Miller DT, et al. Genomics of MPNST (GeM) Consortium: Rationale and Study 
Design for Multi-Omic Characterization of NF1-Associated and Sporadic 
MPNSTs. Genes (Basel). 2020;11:E387.

Monteiro DC, Silva Júnior JU, Matos LC, Pompeu MM, Dornelas CA. Experiência 
Pedagógica em Patologia na Faculdade de Medicina da UFC. Rev Bras 
Educ Med. 2015;39:450–5.

Mungenast F, et al. Next-Generation Digital Histopathology of the Tumor 
Microenvironment. Genes (Basel). 2021;12:538.

Pallua JD, Brunner A, Zelger B, Schirmer M, Haybaeck J. The future of pathology 
is digital. Pathol Res Pract. 2020;216:153040.

Pantanowitz L. Digital images and the future of digital pathology. J Pathol 
Inform. 2010;1:15.

Pantanowitz L, et al. Review of the current state of whole slide imaging in 
pathology. J Pathol Inform. 2011;2:36.

Peixoto-Santos JE, Blumcke I. Neuropathology of the 21st century for the Latin 
American epilepsy community. Seizure. 2021;90:51–9.

Pérez, M. D. M., Rivero, L. O. S., Santana, A. T., de León, A. P. & Gómez, F. E. R. Las 
imágenes digitales como medios de enseñanza en la docencia de las 
ciencias médicas. 18 (2016).

Roberts DJ. Pathology: Functionality in Resource-Poor Settings. Arch Pathol 
Lab Med. 2013;137(6):748–51. Cited 2023 Jun 12. Available from: https://​
doi.​org/​10.​5858/​arpa.​2011-​0559-​ED.

Roy SF, Cecchini MJ. Implementing a structured digital-based online pathol‑
ogy curriculum for trainees at the time of COVID-19. J Clin Pathol. 
2020;73:444–444.

Saco A, Bombi JA, Garcia A, Ramírez J, Ordi J. Current Status of Whole-Slide 
Imaging in Education. PAT. 2016;83:79–88.

SanzPupo NJ, Ríos Hidalgo N, Seguí Sánchez M, Díaz Rojas PA, FernándezSara‑
bia PA. La digitalización de imágenes aplicadas a la anatomía patológica: 
Experiencias en la provincia Holguín Cuba. Revista Cubana de Investiga‑
ciones Biomédicas. 2006;25:0–0.

Sayed S, et al. Improving pathology and laboratory medicine in low-income 
and middle-income countries: roadmap to solutions. The Lancet. 
2018;391:1939–52.

Schettini FA, Ferreira LCL, Schettini APM, Camelo RT. Reprodutibilidade 
do diagnóstico histopatológico de dermatoses por fotomicrografias 
digitais versus microscopia óptica convencional. An Bras Dermatol. 
2011;86:491–6.

https://www.fda.gov/news-events/press-announcements/fda-allows-marketing-first-whole-slide-imaging-system-digital-pathology
https://www.fda.gov/news-events/press-announcements/fda-allows-marketing-first-whole-slide-imaging-system-digital-pathology
https://www.fda.gov/news-events/press-announcements/fda-allows-marketing-first-whole-slide-imaging-system-digital-pathology
https://doi.org/10.1038/s41374-020-00514-0
https://www.linkedin.com/pulse/how-ai-can-help-address-global-shortage-pathologists-colangelo/
https://www.linkedin.com/pulse/how-ai-can-help-address-global-shortage-pathologists-colangelo/
https://doi.org/10.5858/arpa.2011-0559-ED
https://doi.org/10.5858/arpa.2011-0559-ED


Page 9 of 9García‑Rivello et al. Surgical and Experimental Pathology            (2023) 6:10 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Silva Júnior JD, et al. Análise comparativa da imunoexpressão da proteína p53 
(clones DO-7 e PAb-240) em carcinomas de células escamosas intrabu‑
cais e labiais. J Bras Patol Me Lab. 2009;45:335–42.

Sohani AR, Sohani MA. Static digital telepathology: a model for diagnostic and 
educational support to pathologists in the developing world. Anal Cell 
Pathol (amst). 2012;35:25–30.

Stathonikos N, Nguyen TQ, van Diest PJ. Rocky road to digital diagnostics: 
implementation issues and exhilarating experiences. J Clin Pathol. 
2021;74:415–20.

Vergani A, Regis B, Jocollé G, Patetta R, Rossi G. Noninferiority diagnostic value, 
but also economic and turnaround time advantages from digital pathol‑
ogy. Am J Surg Pathol. 2018;42:841–2.

Voelker H-U, Stauch G, Strehl A, Azima Y, Mueller-Hermelink H-K. Diagnostic 
validity of static telepathology supporting hospitals without local pathol‑
ogists in low-income countries. J Telemed Telecare. 2020;26:261–70.

White MJ, et al. Continuing Undergraduate Pathology Medical Education in 
the Coronavirus Disease 2019 (COVID-19) Global Pandemic: The Johns 
Hopkins Virtual Surgical Pathology Clinical Elective. Arch Pathol Lab Med. 
2021;145:814–20.

Zanotto BS, da Silva Etges AP, Marcolino MA, Polanczyk CA. Value-based 
healthcare initiatives in practice: a systematic review. J Healthc Manag. 
2021;66:340–65.

Zarella MD, et al. A Practical Guide to Whole Slide Imaging: A White Paper From 
the Digital Pathology Association. Arch Pathol Lab Med. 2019;143:222–34.

Zhang H, et al. Piloting a Deep Learning Model for Predicting Nuclear BAP1 
Immunohistochemical Expression of Uveal Melanoma from Hematoxylin-
and-Eosin Sections. Transl vis Sci Technol. 2020;9:50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Digital pathology in Latin America
	Abstract 
	Background
	Methods
	Results and discussion
	Current DP uses in Latin America
	Digital pathology systems
	Implementation of DP systems
	Use of digital images in practice
	Non-routine uses
	Telepathology and second opinion
	Education
	Academic or hospital meetings
	Image analysis and artificial intelligence algorithms

	Utilization of digital pathology in the routine diagnostic workflow
	Suggestions to overcome implementation barriers
	Alternative reimbursement models to facilitate DP adoption and commercialization in Latam

	Conclusions
	Anchor 19
	Acknowledgements
	References


