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Introduction: The transition to digital pathology has been carried out by several laboratories across the globe,with some
cases described in Portugal. In this article, we describe the transition to digital pathology in a high-volume private lab-
oratory, considering the main challenges and opportunities.
Material and methods: Our process started in 2020, with laboratory workflow adaptation and we are currently using a
high-capacity scanner (Aperio GT450DX) to digitize slides at 20×. The visualization system, Aperio eSlide Manager
WebViewer, is integrated into the Laboratory System. The validation process followed the Royal College of Patholo-
gists Guidelines.
Results: Regarding validation, the first phase detected an error rate of 6.8%, mostly due to digitization errors. Phase
optimization and collaboration with technical services led to improvements in this process. In the second validation
phase, most of the slides had the desired quality for evaluation, with only an error rate of 0.6%, corrected with a
new scan. The interpathologist correlation had a total agreement rate of 96.87% and 3.13% partial agreement.
Conclusion:The implementation and validation of digital pathologywas a success, being ready for prime time. The total
integration of all laboratory systems and the acquisition of new equipment will maximize their use, especially with the
application of artificial intelligence algorithms.
Introduction

The Germano de Sousa - Centro de Diagnóstico Histopatológico
(CEDAP) is a private laboratory in Portugal, located in Coimbra. We cur-
rently have circa 150 000 exams per year (and growing), including cytology
specimens. It provides diagnoses for private institutions and public depart-
ments, including biomarker identification and molecular analysis, and has
a role in laboratory technicians training.

In the last years, digital pathology transition has been arising with suc-
cess, in a similar manner to what happened to radiology in the past.1 The
evolution of glass slides scanners was a very important component of this
possibility, with faster equipment with better image acquisition.2

Several successful digital transformations with pathology workflow
adaptation have been published,3–7 with their specific challenges
and workflow. The implementation of this modality has recognized
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advantages, namely cost reduction and quicker workflows with conse-
quent faster results, and facilitate multidisciplinary tumor boards.8 De-
spite these advantages, the number of Pathology Laboratories falls
below the expectations, mainly due to high initial cost of implementa-
tion and the belief that it mainly for educational and research
objectives.4 The majority of laboratories that have been successful in
this task are major public laboratories resorting to external funding
and private laboratories.

Digital pathology is more than acquiring a slide scanner and, contem-
plates leadership roles, involving the entire group (pathologists, techni-
cians, administrative staff, etc.) and motivating people for a change in
mindsets and workflow.

This article aims to report the CEDAP experience in the Digital Pathol-
ogy transition, highlighting the process, emphasizing the problems and
exploring the respective solutions and future perspectives.
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Material& methods

Description of the laboratory

TheCEDAP corresponds to a laboratory, based in Coimbra, a rather stra-
tegic location between Porto and Lisbon, being able to provide a diagnosis
to all the samples collected by the Germano de Sousa group. It is a high-
volume laboratory, with 103 358 cases in 2021, corresponding to a
57 276 histology cases, 40 947 cytology samples, and 5135 molecular
tests. Due to the major widespread of the group, we receive samples from
all around Portugal. Currently, we have 12 pathologists, full and part-
time, and 2 dermatopathologists.

Due to the nature of our laboratory, this digital pathology system was
implementedmainly for diagnostic purposes and supportingmultidisciplin-
ary meetings. As a secondary application, it can be used also for teaching,
research, and algorithm validation.

Beginning of the process

The digital transition started in 2020, with the subsequent training/
preparation of the laboratory staff, special reformulation of the laboratory,
equipment acquisition, information technology (IT) infrastructure, and val-
idation of the digital analysis by a pathologist. Due to the COVID-19 pan-
demic, some of these processes were delayed.

IT infrastructure and imaging technology

Our Laboratory Information System (LIS) and sample tracking software
at the time of implementation was the XStore™ (Forum SI, Coimbra
Portugal), but during this process, we performed the transition to
SISTPAT™ (JSalgado, Porto, Portugal).

Regarding the scanner, we have 1 Aperio GT450DX Scanner by Leica
Biosystems. These scanners each have a 450-slide capacity and enable
brightfield applications and digitizing at 40× equivalent resolution (0.26
μm/pixel).

The scanning in our laboratory includes standard H&E and special his-
tochemical and immunohistochemical stains. We scanned slides produced
at our laboratory but also slides from external pathology departments that
are sent to us—mostly from public institutions that have their Pathology
Fig. 1. Schematic representatio
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Departments and can mount and stain their slides. Immunofluorescence
slides were not scanned due to the need for a specific scanner and the low
volume of these cases. Cytology was not included due to the need for Z-
stack image acquisition which prompts additional time and size.9 We do
not digitize immunofluorescence or cytology slides. Scanning of the frozen
section was also not performed by option, since it will need further valida-
tion for routine purposes.

The ImageManaging System (IMS) we use is the Aperio eSlideManager
WebViewer viewing software (Leica Biosystems). Our DP server is a Dell
740 XD with 21TB of storage provided by Leica, running Aperio eSlide
Manager. We have 1 Gigabit per second (Gbps) internal and external client
networks and the connection between the server and our internal network
is 10 Gbps.
Digital workflow

To have a continuous and functional flow in the laboratory, a LEAN
methodology was put in place. The laboratory stations were restructured
according to Fig. 1.

Summarily there was an investment in the reorganization of the labora-
tory equipment, without major infrastructure modification, allowing space
for the slide scanner, next to the staining equipment, as it can be seen in
Fig. 2.

The restructurationwas fundamental to allow a continuous workflow in
the laboratory and achieve a complete slide creation and digitization of
multiple slides in the same day (a maximum of little more than 300) and
without perturbing the distribution to the pathologists.

The process did not involve an increase in the number of technicians,
and after training, the scanning process was integrated into the
routine work.

Regarding gross examination, our laboratory has implemented auto-
matic access to the case by scanning the ID barcode. Gross photographs
are regularly taken and stored in a shared folder. Samples are placed in
printed cassettes with the correct QR code, for use in subsequent working
stations.

In the embedding, an effort has been made to place the fragments to-
gether and in the center of the slide, to diminish the area to be scanned,
and to not have fragments in the (possibly) non-scanned edges of the
glass slide.
n of the laboratory stations.



Fig. 2. The proximity of the scanner to the working stations is fundamental for a fluid workflow.
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Regarding sectioning, the scanning of the QR code in the paraffin block
allows the generation of one or more glass slides using a devoted printer
and specific protocols, reducing work time and preventing errors.

Before scanning, all glass slides received a QR code on their label to as-
sure the correct identification and case allocation by the Aperio Software.
For the glass slides arriving from another institution, the solution was to
print a new label, with our internal ID case number.

The scanning station was in the same room as the staining and
coverslipping machine (HistoCore SPECTRA Workstation) ensuring an
easy load of tracks directly into the Aperio 450. The scanning process was
performed by proper-trained laboratory technicians, according to the man-
ufacturer’s instructions using a 20× protocol.

After scanning, the glass slides were assembled in trays, as usual, and
distributed to the pathologist, as described in section “validation”.

Pathologist workstation

The pathologists’ workstations at CEDAP are composed of a computer
with an Inter Core i5-9500 CPU, with 3.00 GHz Clock Speed, and 16GB
RAM with CPU integrated video card. The monitor used for WSI visualiza-
tion is an ASUS 27 inch with a resolution of 2560 × 1440, LED type, and
with a refresh rate of 75Hz. The equipment has all the necessary features
and is in line with equipment used in other institutions.10

LIS and IMS integration

The majority of the instruments and systems in the laboratory were in-
tegrated through a Health Level 7 (HL7), which is the standard
proceeding.10 Until the end of the present year, all the equipment is ex-
pected to be connected.

Validation

Regarding validation, we followed the guidelines/recommendations of
the Royal College of Pathologists.11

Each pathologist had a short training session (circa 1h) with a trainer, to
learn: (1) the basic digital pathology workflow and layout of the software;
(2) how to use the system to open a case/slide and pan and zoom;
3

(3) how to use the system to annotate a case and other advanced functions
as necessary; (4) how to access the documentation for the system; and
(5) how to identify gross scanning artifacts.

The pathologist reviews 1–2 cases on the digital system, with guidance
and provides immediate feedback from the teacher about how to use the
system.

Stage 1 validation is designed to train the pathologist on the diagnostic
appearances of cases using digital pathology. This step includes exposure to
cases anticipated to be challenging and will encompass a variety of case
types (simple and complex) and stains. Two pathologists reviewed this
set, making notes on the digital diagnosis and immediately compare with
the glass slide diagnosis. A comment on concordance is done, including pit-
falls detected and identification of difficulties. A score on the confidence of
the diagnosis is also attributed to both digital and glass evaluation, from 1
to 7, being not confident at all and 7 very confident.

A minimum of 20 cases is recommended but can be more if necessary.
This process ensures familiarity with the digital proceeding and after

this, validation stage 2 was performed.
During step #2 of validation, the glass slides were physically delivered

to the corresponding pathologist, to perform the comparison.
In this stage, the pathologist dual reports all of their cases using both

digital and glass, to gain experience and confidence in using the technol-
ogy. All cases in the domain are evaluated prospectively, thus introducing
digital analysis into the routine.

The sample size and duration of the validation are variable but should be
of sufficient length and detail so the pathologist develops proficiency and
confidence in digital pathology. This procedure took 3–4months. The sample
was comprised of a mixture of small biopsies and large resection cases and
was representative of the routine, including easy and difficult cases, non-
neoplastic and oncological. The cases were not randomly selected because
they were representative of the pathologist routine. Cases from outside of
the laboratory had a new and dedicated label for scanner reading.

Throughout this validation process, cases identified as challengingwere
selected for step 3, so-called inter-pathologist concordance. This “library”
of cases, up to 20–40 cases, was assembled and it was going to be evaluated
by a different pathologist, with a final concordance assessment.

Statistical analysis was performed using the Statistical Package for the
Social Sciences (SPSS).



I. Ferreira et al. Journal of Pathology Informatics 14 (2023) 100180
Results

During this process, 28 473 glass slideswere scannedwith an average of
67.5 s per slide (normalized 15 mm×15 mm slide scanned of 43.2 s). The
average size of slide scanned was of 351.8 mm2 and average file size of
821MB.

This number do not reflect all the cases from our laboratory, since not
all the cases were digitized for validation purposes.

In validation stage 1, 88 slides, corresponding to 35 cases, were
scanned. The slides were representative of the following stains: hematoxy-
lin and eosin (H&E) modified Giemsa, periodic acid Schiff (PAS), Masson
trichrome, and diverse immunostains.

The comparison between digital and glass slides was satisfactory, and
there were reported scanning errors in 6 slides (6.8%)—stripped slides,
out of focus, and incomplete images, as demonstrated in Fig. 3.

An interesting finding was that in some slides referred from external
laboratories, the assessment ofH. pylori infection with the modified Giemsa
stain was a little more difficult due to the lack of some staining contrast.
A minor modification in the protocols was enough to solve this issue, as
demonstrated in Fig. 4.

In the first scanned immunohistochemical slides, there were minor in-
terface issues with the BenchMark ULTRA, Roche Diagnostics® platform,
but easily solved.
Fig. 3. Some common errors detected during Validation stage 1, namely stripped slides (u
(lower right). The errors were easily corrected with a new scan (and bubble removal).
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Regarding validation stage 2, a total of 2991 cases were evaluated, with
an average of 2.8±1.8 glass slides per case (minimumof 1 andmaximumof
24), corresponding to a total of 8474 scanned slides, with comparison of the
quality between glass and scanned slides.

The majority of cases were satisfactory for evaluation on the digital
slides (score 7 in the evaluation criteria). There were 51 slides (0.6%) in
which a rescan was necessary. This procedure was able to solve the prob-
lem. The main reasons for a rescan were (from major to minor) misplaced
labels with QR codes that prompted a non-allocation of the case, thick
slides, excess glue/mounting medium, and air bubbles resulting in an out-
of-focus slide. There was no record of slide breakages or scanner malfunc-
tion due to incorrect handling by the technicians.

Picture acquisition was also feasible, with rapid results. One of the ad-
vantages reported was the possibility of viewing up to 4 slides simulta-
neously facilitating the H&E and immunohistochemistry interpretation, as
it is shown in Fig. 5.

For the concordance between pathologists, 31 cases were compiled and
scanned, comprising several organs and conditions and subjected to the
evaluation of 6 pathologists.

After evaluation and statement of the diagnosis, there was a total agree-
ment of the digital evaluation in 96.87% (31 out of 32), with partial agree-
ment in 3.13% (1 case), with some stating mild chronic gastritis and others
going for reactive gastritis.
pper left), out of focus (upper right), an incomplete images (lower left), and bubbles



Fig. 4. Giemsa before (left) and after (right) protocol modifications ensuring a higher contrast and easily identifiable H. pylori.
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Beside confidence in the diagnosis, pathologists were satisfied with the
system ergonomics and velocity in loading slides from the server.
Discussion

Digital pathology has registered a remarkable evolution since the intro-
duction of WSI.12 Microscopic examination of stained glass slides is still the
gold-standard for rendering a diagnosis, but the improvement of WSI meth-
odology (high image resolution, high capacity and velocity scanners, image
management software, and algorithms for image analysis) and cost reduc-
tion (particularly of storage) have prompted a wider use and adoption of
this modality.13
Fig. 5. A case of a follicular duodenal lymphoma, where the simultaneous visuali
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The now natural digital movement was promoted in 1992 by Kayser,
and formalized in 2016 with the creation of the European Society for Digi-
tal Pathology (ESDIP)14 and is becoming a reality worldwide. The recent
publication of the ESDIP recommendations15 will sure be valuable for dig-
ital pathology implementation.

According to the results, our implementation was a success with the
rapid adoption of Digital Pathology for diagnostic purposes. The diagnoses
were interchangeable between a light microscope and a computer monitor,
especially after some training and adjustment to the methodology. The
sharing of difficult cases was also easier with the methodology, allowing
annotated comments.

The possibility of annotated images and instantaneous consultation is a
major key player in pathology, improving the diagnosis, especially in
zation of the H&E and the immunohistochemistry renders an easy diagnosis.
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second consultations.16 The digital annotations can also be useful for mo-
lecular purposes, by selecting the correct area for analysis.3

Routine scanning as 20x was sufficient since the viewer allows a 200%
magnification and achieving a 40× digital view.

Measuring the time of analysis was not a main purpose of this article,
and it was not proper measured, however there seems to be a decrease in
turnaround time in the digital diagnosis, especially when measuring dis-
tances was fundamental (surgical margins; deep of tumor infiltration).

Even with the validation of digital slides for diagnostic purposes, there
will be a support in hybrid format (digital + physical) for newcomers in
the field, in order to allow the pathologist to be more familiar and confident
with digital diagnosis, undergoing a learning curve. In order to facilitate
adaption, any new recruited pathologist will undergo a 3–4-week hybrid for-
mat, or more if necessary, until it feels confident for digital only diagnostic.

The concordance between pathologists was high, with only minor dis-
crepancies in a gastric biopsy, with some favoring reactive gastritis and
others a mild chronic gastritis. This in accordance with the literature in
which the diagnosis of gastritis in not always reproducible between pathol-
ogists and exhibits some variability.17

The LEAN approach was also fundamental for a fluid workflow, and in
the near future with the fully implementation of the new LIS in the labora-
tory, complete traceability will be possible, allowing adequate monitoring
and further improvement possibilities.

In order to keep up with the laboratory growth, we are in the process of
acquiring and installing an extra scanner with high slide capacity will be
installed, allowing for a higher scanning capacity, which is in line with
the current ESDIP recommendations.15 The LEANmethodology adopted al-
lows us a continuous loading of the scanner, with a daytime scanning rou-
tine, but if necessary overnight scanning will be performed.

The rapid growth and demand of faster reports was accompanied by an
increased in the number of external pathologist working for CEDAP, mean-
ing that we were forced to adapt procedures for sending glass slides and
requisitions to pathologists that were notworking in the CEDAP physical fa-
cilities, including pathologist that were working in different cities.

Digital allocation will also be pivotal for laboratory technicians and ad-
ministrative staff, since with the direct allocation of cases to the patholo-
gists, skipping the manual assembly and glass slide delivery to the
pathologists, with the latter consuming up to 24 h in case of an external pa-
thologist to the Laboratory.

The almost instantaneously attribution of cases will provide our labora-
tory with a precious gain in time, resulting in faster reports, with an ex-
pected average of 3–5 days since the sample arrives at CEDAP. In
addition, eliminating the need of sending the physical slides will result in
a lesser allocation of resources (human and financial resources) and the
journey to a paper-free laboratory will be environment friendly, which is
applauded by our staff.

As stated previously, gross photograph documentation is performed by
routine, and the pictures are currently accessed by demand, and in the near
future will be integrated into the LIS. We are currently testing voice recog-
nition at this step, which will allow direct text conversion, saving time and
preventing transcription errors.

Frozen section digitation will be an objective in a near future. We are at
the moment gathering frozen section tissue slides, from intra-operatory re-
quest but also from fresh tissue submitted to regular gross examination in
order to compare the evaluation, similarly to the described by Cima
et al.18 This has the potential to be applied for cancer evaluation and trans-
plant pathology, especially if it could be used with smaller devices such as
the Aperio Scan Scope™, Nanozoomer™ or GrundiumOcus™, expanding the
area of action.

A fully implementation of WSI images would allow to apply IVD vali-
dated tools in order to improve turnaround time and better diagnosis and
IHC quantification,19 and has also the potential of creating test datasets
for the development of new artificial intelligence algorithms.20 There are
already FDA and EMA approved algorithms with wide diffusion, such as
Paige Prostate™ and Visiopharm™, among others,21 with several being pro-
posed as auxiliary methodology for lymph node metastases,22–24
6

histological classification of tumors,25 and even translating spatial bio-
marker dynamics.26 The evolution of scanning systems and emergence of
vendor-neutral archives2,10 may be important is testing several solutions
and minimize the impact of scanner variability.27 The implementation of
this methodology will also allow cancer screening algorithms, case triage,
and forecasting molecular changes.28 The amount of data in the millions
of pixels of aWSI is enormous and only possible to analyze using AI compu-
tational methods, prompting a digital transition that will probably repre-
sent the next major revolution in pathology, sometimes designated as the
Computer Vision for Pathology21 with an impact compared with immuno-
histochemistry and molecular pathology.29 The pathology laboratories
that are not able to perform this transition will definitively become
outdated.

Archiving is also influenced by digital pathology implementation. De-
spite our intention of becoming a paper-free laboratory, we are still
demanded to keep paper copies of our reports. This archiving has already
IT support, with computer-recorded positions for faster retrieval, if neces-
sary. With the LIS transition, our block and glass slide archive will follow
the same methodology, prompting faster archiving and less time consump-
tion. In addition, due to the private nature of our laboratory we are con-
stantly demanded to send blocks and/or slides due to patient referral to
oncology centers, the faster identification and withdraw of samples will
be of major value. If the block is absent due to additional ancillary tech-
niques (p.e.), the system will display a message stating this condition and
identifying the responsible. The advantages of this fully automated and
computer-guided archive are well described.10

As seen in our results, only a minority of slides exhibited scanning is-
sues, and this issue was solved with a rescan of the glass slide. This
prompted the introduction of a rescan order option through the LIS in a sim-
ilar way as an ancillary technique. Some authors promote a routine check of
all WSI by an assigned technician,3 however in a high-volume laboratory,
this is a highly time-consuming task for just 0.6%. The upper mentioned so-
lution seems to us the right way to address this situation, a view also shared
by Fraggetta et al.10

Despite not being the primary objective of the laboratory, the transition
to digital pathology may also be an important opportunity for education
with teaching or sharing interesting cases,30 which would be especially
valuable in pandemic outbreaks31 using online platforms or even apps.32

A construction of a digital repository would also be of benefit for research
purposes and for algorithm validation, especially when supported by AI
tools, and this can be performed on a national basis, including both public
and private institutions, similar to what is being developed in other
countries.33

Digital archiving is still not totally consensual, but resorting to some
modifications for image size diminishing, such as smaller fragments, con-
centration of the fragments in one place, images compression, etc.3,10

may be an option. Nevertheless, since glass slides and paraffin blocks
have still to be archived for several years, it is always possible to
rescan them.

In conclusion, our transition to digital pathology has started and has
been as success regarding diagnosis and workflow modifications. There
was no affection of the quality of the diagnosis. The transition to a different
LIS and the integration of all the systems and equipment in the laboratory,
expected by the end of the year, will allow us to have a full benefit of a dig-
ital environment, resulting in less expense of resources, faster turnaround
time in reports, and AI applications.
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