CLINICAL REVIEW

The Ciritical Value of Telepathology in the

COVID-19 Era
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Background: Telepathology, which includes the use of
telecommunication links, helps enable transmission of digital
pathology images for primary diagnosis, quality assurance,
education, research, or second opinion diagnoses.

Observations: This review covers all aspects of telepathology
implementation, including the selection of platforms, budgets
and regulations, validation, implementation, education, quality
monitoring, and the potential to improve practice. Considering
the long-term trends, the lessons of the COVID-19 pandemic,

and the potential for future pandemics or other disasters,
the validation and implementation of telepathology remains
a reasonable choice for laboratories looking to improve their
practice.

Conclusions: Though barriers to implementation exist, there
are potential benefits, such as the wide spectrum of uses like
frozen section, telecytology, primary diagnosis, and second
opinions. Telepathology represents an innovation that may
transform the future of pathology practice.
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dvances in technology, including
ubiquitous access to the internet and
the capacity to transfer high-resolu-
tion representative images, have facilitated
the adoption of telepathology by laborato-
ries worldwide.'” Telepathology includes
the use of telecommunication links that
enable transmission of digital pathology
images for primary diagnosis, quality as-
surance (QA), education, research, or
second opinion diagnoses.’ This improve-
ment has culminated in approvals by the
US Food and Drug Administration (FDA)
of whole slide imaging (WSI) systems for
surgical pathology slides: specifically, the
Philips IntelliSite Digital Pathology Solu-
tion in 2017 and the Leica Aperio AT2 DX
in 2020.® However, the approvals do not
include telecytology due to lack of whole
slide multiplanar scanning at different
planes of focus or z-stacking capabilities.”
Long-term trends in pathology, specif-
ically the slow reduction in the number
of practicing pathologists available in the
workforce compared with the total served
population, along with the social distanc-
ing imperatives and disruptions brought
about by the COVID-19 pandemic have
made telepathology implementation per-
tinent to continue and improve pathology
practice.®1°
Despite the initial capital equipment
costs, telepathology has several advan-
tages, including increasing productivity,
saving costs, improving access to pathol-
ogist care, improving quality of care, and
ease of second opinions (Figures 1 and 2;
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Table 1).>°%® This review will cover as-
pects of telepathology implementation for
laboratories in light of the recent COVID-
19 pandemic and its potential to improve
pathology practice.

DESCRIPTION AND DEFINITIONS

The primary modes of telepathology (static
image telepathology, robotic telepathology,
video microscopy, WSI, and multimodal-
ity telepathology) have been defined by the
American Telemedicine Association (ATA).?
WSI has been particularly suited for tele-
pathology due to the ability to view digital
slides in high resolution at various mag-
nifications. These image files can also be
viewed and shared with ease with other ob-
servers. Also, they take a shorter time to
view compared with the use of a robotic
microscope.?

Selection, Validation, and Implementation
WSI platforms vary in their characteristics
and have several parameters, including but
not limited to batch scanning vs continuous
or random-access processing, throughput
volume capacities, scan speed, cost, man-
ual vs automatic loading of slides, image
quality, slide capacity, flexibility for differ-
ent slide sizes/features, telepathology capa-
bilities once slide scanned, z-stacking, and
regulatory approval status.® Selection of the
WSI device is dependent on need and cost
considerations. For example, use for frozen
section requires faster scanning speed and
does not generally require a high through-
put scanner.
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FIGURE 1 Pathology Workflows

A: Without telepathology

Glass slides are
transported
to pathologist.

Glass slides are —»
available.

B: Using telepathology

Glass slides are
available.
are stored securely.

—

Glass slides are scanned
(whole slide imaging) to make
virtual digital slides and then

If off-site resources are needed
(second opinion or remote
specialty consultation), glass slides
are physically delivered off site.

Pathologist reviews glass
slides on site under a
microscope and makes a
diagnosis.

l

Long-term glass slide storage only, and only
glass slide retrieval if needed in the future.
No backup for irreplaceable slides (such as

cytology preparations) that cannot be recut.

—

Digital slides can be sent off
site for second opinion or
specialty consultation without
risk of losing glass slides.

Digital slides sent
to remote or on-site
pathologist.

Availability of long-term storage of both
digital and original glass slides. Backups can be
made of the digital slides to ensure material
is never lost.

Validation of telepathology by the testing
site demonstrates that the new system per-
forms as expected for its intended clinical
use before being put into service and that
the digital slides produced are acceptable
for clinical diagnostic interpretation.'! The
College of American Pathologists (CAP)
established WSI validation guidelines are
part of the published laboratory standard of
care.!'!3 An appropriate validation enables
the benefits of telepathology while mitigat-
ing the risks.

There are 3 major CAP recommenda-
tions for validation. First, > 60 cases should
be included for each use case being vali-
dated with 20 additional cases for relevant
ancillary applications not included in the
60 cases. Second, diagnostic concordance
(ideally > 95%) should be established be-
tween digital and glass slides for the same
observer. Third, there should be a 2-week
washout period between the viewing of dig-
ital and glass slides (Table 2).'*!*> Neither
glass nor digital slides are viewed during
the washout period. In addition, there are
9 CAP good practice statements, includ-
ing that all pathology laboratories imple-
menting WSI technology should carry out
appropriate validations, have adequately
trained pathologists, and be able to address
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changes in the WSI system that could im-
pact clinical results.!*'* This CAP guideline
is an effective reference for medical labora-
tories validating WSI systems.>!!"13 Telepa-
thology involves many technical, privacy/
security, and facility-based specifications.?
Therefore, involvement of the relevant de-
partments is warranted.’

Guidelines from the ATA establish that
telepathology systems should be validated for
clinical use, including non-WSI platforms.?
Published validations of other non-WSI plat-
forms (such as by robotic or multimodality
telepathology) have followed the structure
proposed in the guidelines by CAP for vali-
dating WSL*1>

Ensuring that all relevant responsibil-
ities (clinical, facility, technical, training,
documentation/archiving, quality manage-
ment, and operations related) for the use
of telepathology are met is another aspect
of validation and implementation.? Clinical
responsibilities include an agreement be-
tween the sending (referring) and receiving
(consulting) parties on the information to
accompany the digital material.> From ATA
clinical guidelines, this includes identifica-
tion information, provision to the consult-
ing pathologist of all relevant clinical data,
provision to retrieve for access any needed
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TABLE 1 Benefits of Telepathology

Advantages

Provides important digital slides for further innovations to improve pathology care

Improved workflow in the laboratory, particularly with rapid on-site evaluation of fine needle aspirations and frozen

section specimens

Availability of long-term storage of both digital and original glass slides; digital files can be backed up to ensure

material is never lost

Digital slides can be sent for specialty consultation or for a second opinion without risk of losing or breaking glass

slides in transit

Slides may be read remotely without requiring a pathologist on site

Remote signout helpful in maintaining social distancing and ensuring continuity of operations at remote locations

and/or relevant diagnostic material, and
responsibility by referrer that the correct
image/metadata was sent.” Involved parties
should be trained to manage the materials
being transmitted.?

Facility responsibilities include main-
taining the standard of care defined by the
facility and regulatory agencies.> The main-
tenance of accreditation, adherence to licen-
sure requirements, and proper management
of privileges to practice telepathology are
also important.? Technical responsibilities
include ensuring a proper validation that
meets the standard of care and covers use
cases. 2113

All processes, training, and competen-
cies should be followed and documented
per standard facility operating procedures.?
ATA recommends that telepathology should
result in a formal report for diagnostic con-
sultations, maintain logs of telepathol-
ogy interactions or disclaimer statements,
and have an appropriate retention policy.?
The CAP recommends digital images used
for primary diagnosis should be kept for
10 years if the original glass slides are not
available.'® Once implemented, telepathol-
ogy reports must be incorporated into the
pathology and laboratory medicine depart-
ment’s quality management plan for both
the technical performance of the telepathol-
ogy system and diagnostic performance of
the pathologists using the system.? Opera-
tions responsibilities include ensuring that
the telepathology system is maintained ac-
cording to vendor recommendations and
regulatory standards. Appropriate provi-
sions for space and associated needs should
be developed in conjunction with the in-
formation technology team of the facility
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to ensure appropriate security, privacy, and
regulatory compliance.?

Applications and Uses
Telecytology. Rapid real-time telecytology
has been documented to be useful in rapid
on-site evaluations (ROSE) of the ade-
quacy of fine needle aspirations (FNA).!"-!
Nevertheless, current Medicare reimburse-
ment is limited given that ROSE is cost
prohibitive, time consuming, and affects
productivity in cytology laboratories.!”->>
Estimates of the time to provide ROSE for
1 procedure without telecytology range
from 48.7 to 56.2 minutes.'”*> The use of
telecytology significantly reduces pathol-
ogist ROSE time without losing quality to
about 12 minutes, of which only an aver-
age of 7.5 minutes was spent by the cy-
topathologist for the ROSE diagnosis.'"?!
ROSE also can be used for distant and re-
mote locations to improve patient care.'’-*!
Multiple vendors provide real-time telecy-
tology service. Innovations using smart-
phone adapters, digital cameras that could
work as their own IP addresses, and con-
nection with high-speed dedicated con-
nections with viewing platforms on
high-sensitivity monitors can facilitate
ROSE to improve patient management.?*?
The successful accurate use of ROSE has
been described; however, there are cur-
rently no FDA-approved telepathology
ROSE platforms.'7-19:21-5

To date, the FDA has not approved any
telecytology whole slide scanner due to
a lack of z-stacking capability in submit-
ted scanners.”*' Not all whole slide scan-
ners offer z-stacking, though even in
those that do offer it, the time necessary
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to scan the entire slide with adequate z-
stacking takes too long to be clinically
acceptable for many situations involv-
ing ROSE.?! WSI has also been used to
develop international consensus for cy-
tologic samples.?® Published recommen-
dations for the validation of these other
modalities before usage follow the spirit
of the CAP guidelines (as far as multi-
ple cases with high concordance rates)
for validation of WSI for diagnostic pur-
poses but vary on the exact number of
slides and acceptable concordance rate.*"*’
For ROSE with a robotic microscope
without any on-site cytology person-
nel, documented standardized training of
nonpathology staff members, such as the
radiologist or other physician perform-
ing the FNA procedure, may be needed to
enable the performance of ROSE telecy-
tology and ensure compliance with regula-
tions.>?! Besides ROSE, there are published
validations for telecytology in primary di-
agnosis and QA, indicating a role for tele-
cytology for diagnosis for laboratories that
have properly validated and implemented
the laboratory-developed test.?83°

Frozen section. Telepathology has signifi-
cant potential to improve access to frozen
section consultation.’>!-* Benefits to im-
proving access to frozen section include
providing frozen section consultation at
remote or off-site locations, increasing
access to subspecialty consultation, im-
proving workflow by eliminating the need
to travel off-site to the frozen section case,
cost savings in staff work time, and pro-
viding educational opportunities for pa-
thology trainees.>3'3* In our experience,
WSI with real-time viewing of frozen sec-
tion allows for the assessment of transplant
tissues, which is an evaluation that gen-
erally occurs at night. Discrepancies from
frozen section telepathology using WSI to
the final diagnosis may occur and those
specific to WSI could result from slide or
image quality, internet connectivity, and
lack of training in using the telepathology
system.>? Other issues that may lead to dis-
crepancies between the frozen section di-
agnosis and the final diagnosis may occur
with the review of glass slides by light mi-
croscopy.’* Appropriate performance of
validation, training, implementation, and
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TABLE 2 Simple Guiding Validation Plan

Step | Detail

1 Selection of 60 cases for each use case and
additional 20 for ancillary operations

2 Random review of glass or digital slides for each case
for intraobserver concordance

3 2-week washout period

4 Random review of other case slide for intraobserver
concordance

5 > 95% intraobserver concordance between digital

and glass slides and (1) Appropriate training; (2)
Confirmation that all diagnostic material on glass
slide scanned is included in digital image?

alf the intraobserver concordance rate is < 95%, an
investigation into the causes of the discordance would need to
be conducted; repeat validation after correction of the cause
may then be needed to properly validate the telepathology
platform.

quality control for telepathology can help
in reaping the benefits while mitigating the
risks.? In a large study comparing frozen
section evaluation by telepathology with
light microscopy, the sensitivity and spec-
ificity of frozen section were comparable
between telepathology and light micros-
copy with a trend toward greater sensitivity
by telepathology (0.92 and 0.99 for tele-
pathology vs 0.90 and 0.99 by light mi-
croscopy alone, sensitivity and specificity,
respectively).

Other applications. Evidence for efficacy in
surgical pathology diagnosis led to FDA
approval of the Philips IntelliSite Digi-
tal Pathology in 2017 and the Leica Ape-
rio AT2 DX in 2020 WSI platforms.®® The
use of WSI in surgical pathology has been
successfully validated or used in clinical
practice at several pathology laboratory
settings with documented benefits in the
literature for primary and secondary diag-
noses, QA, research, and education.®835
Benefits of telepathology include improved
ergonomics and access to real-time patho-
logic services in remote areas or during
on-site pathologist absence and expert
second opinions. Telepathology also may
reduce risk of slide loss during transport,
shortened turnaround time, reduced costs
of operation through workflow efficien-
cies, better load balancing, improve virtual
collaboration, and digital storage of slides
that may be irreplaceable.’#*>% Telepa-
thology also has been shown to be useful

Telepathology
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for education, improving access to learn-
ing materials and increasing quality in-
structional materials at a lower cost.* The
increased ease of collaboration with re-
mote experts and access to slide material
for other pathologists improves QA capa-
bilities.>®3>% The availability of virtual
slides is expected to promote further re-
search in telepathology and pathology due
to the increased availability of virtual ma-
terial to researchers.'>#

Telehematology. Published validations have
shown effectiveness for hematopathology
specimens, such as the peripheral smear.
Telehematology also has demonstrated
potential in a laboratory after proper val-
idation and implementation as a laboratory-
developed test.*7#7-#

Telemicrobiology and Computer-Assisted
Pathologic Diagnosis. Telemicrobiology also
has been successfully used for clinical, ed-
ucational, and QA purposes.” The digitali-
zation of slides involved with telepathology
enables further innovation in machine
learning for computer-assisted pathologic
diagnosis (CAPD), which is already being
used clinically for cervical Pap smears.”® An
artificial intelligence (AI)-based algorithm
analyzes the slides to identify cells of in-
terest, which are presented to the cytopa-
thologist for confirmation.?® However, the
expansion of CAPD to include a variety of
specimen types or diagnostic situations as
well as safely and effectively take initiative
in completing an accurate automated diag-
nosis requires additional development.?°!>2
One of the key factors for machine learning
to develop Al is the provision of a corpus of
data.’>? Public, open-source data sources
have been limited in size while private pro-
prietary sources have highly restricted and
expensive access; to address this, there is
a current effort to build the world’s largest
public open-source digital pathology corpus
at Temple University Hospital, which may
help enable innovations in the future.>

LONG-TERM TRENDS/APPLICATIONS

The COVID-19 pandemic has been unprec-
edented not only in its widespread morbid-
ity and mortality, but also for the significant
socioeconomic, health, lifestyle, societal, and
workspace changes.”>>" Specifically, the pan-
demic has introduced not only a need for
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social distancing and staff quarantines to
prevent the spread of infection, but also a re-
duction in the workforce due to the stresses
of COVID-19 (also known as the Great Res-
ignation).” Before the pandemic, there was
an existing downtrend in the number of pa-
thologists in the US workforce.*1°%8 From
2007 to 2017, the number of active pathol-
ogists in the US declined by 17.5% despite
the increasing national population, result-
ing in not only an absolute decrease in the
number of pathologists, but also an increas-
ing population served per pathologist ratio.”
Since 2017, this downtrend has continued;
given the increasing loss of active patholo-
gists from the workforce and the decreasing
training of new pathologists, this decrease
shows no signs of reversing even as the im-
pact of the COVID-19 pandemic has begun
to Wane.Q,lO,SS-éO

The advantages of telepathology in en-
abling social distancing and reducing travel
to remote sites are known.>"!” Given these
advantages, some medical centers in the
US have previously successfully validated
and implemented telepathology operations
earlier during the COVID-19 pandemic to
ease workflow and ensure continued op-
erations.’®” The use of telepathology also
helps in balancing workload and continu-
ing pathology operations even in light of
the workforce reduction as cases no lon-
ger need to be signed out on site with glass
slides but instead can be signed out at a re-
mote laboratory. Although the impact of
the COVID-19 pandemic on operations is
decreasing, the capabilities for social dis-
tancing and reducing travel remain impor-
tant to both improve operations and ensure
resiliency in response to similar potential
events. 7170

Considering the long-term trends, the
lessons of the COVID-19 pandemic, and
the potential for future pandemics or other
disasters, telepathology’s validation and im-
plementation remains a reasonable choice
for pathology practices looking to improve.
A variety of practices not just in the gen-
eral population, but also among US De-
partment of Veterans Affairs medical
centers (VAMCs) and the US Department
of Defense Military Health System treat-
ing a veteran population can benefit from
telepathology where it has previously been
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reported to have been reliable or success-
fully implemented.®-®> Although the vet-
eran population differs from the general
population in several characteristics, such
as the severity of disease, coexisting mor-
bidities, and other history, given proper val-
idation and implementation, telepathology’s
usefulness extends across different pathol-
ogy practice settings.3>.61-66

LIMITATIONS OF TELEPATHOLOGY
In telepathology’s current state, there are
limitations despite its immense promise.®?”
These include initial capital costs, the addi-
tional training requirement, the additional
time necessary to scan slides, technical chal-
lenges (ie, laboratory information system in-
tegration, color calibration, display artifacts,
potential for small particle scanner omissions,
and information technology dependence), the
potential for slower evaluation per slide com-
pared with optical microscopes, limitations
of slide imaging (ie, z-stacking or lack of po-
larization on digital pathology), and occu-
pational concerns regarding eye strain with
increased computer monitor usage (ie, com-
puter vision syndrome).** In addition, there
are few telepathology scanners with FDA ap-
proval for WSL®®

The improving technology of telepa-
thology has made these limitations sur-
mountable, including faster slide scanning
and increasing digital storage capacity for
large WSI files. Due to this improvement
in technology, an increasing number of
laboratory settings, have adopted telepa-
thology as its advantages have begun to
outweigh the limitations.>> Additionally,
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roendocrine tumor of the pancreas for rapid o

evaluation by air-dried diff
quik stain; telepathology scan shows multiple single plasmacytoid cells (red arrow placed for cell with granules on
lower right magnified image) with eccentrically placed nuclei and cytoplasmic granules (original magnification x40).
B, Surgical pathology resection hematoxylin and eosin section of a Warthin tumor of salivary gland scanned by
telepathology and showing cystic structures lined by oncocytic cells and with lymphoid stroma (red arrow placed in
lymphoid stroma) (original magnification x40).

the proper validation performed before im-
plementing telepathology can help labo-
ratories identify their unique challenges,
troubleshoot, and resolve the limitations
before use in clinical care.!'"> Continu-
ing QA during its use and implementation
is important to ensure that telepathology
performs as expected for clinical purposes
despite its limitations.?

CONCLUSIONS

Telepathology is a promising technology
that may improve pathology practice once
properly validated and implemented.'®
Though there are barriers to this valida-
tion and implementation, particularly the
capital costs and training, there are several
potential benefits, including increased pro-
ductivity, cost savings, improvement in the
workflow, enhanced access to pathologic
consultation, and adaptability of the pa-
thology laboratory in an era of a decreased
workforce and social distancing due to the
COVID-19 pandemic.®%-% This potential
applies across the wide spectrum of poten-
tial telepathology uses from frozen section,
telecytology (including ROSE) to primary
and second opinion diagnoses.!%17-3* The
benefits also extends to QA, education,
and research, as diagnoses can not only be
rereviewed by specialty or second opin-
ion consultation with ease, but also digital
slides can be produced for educational and
research purposes.’®#3>% Settings that treat
the general population and those focused
on the care of veterans or members of the
armed forces have reported similar reliabil-
ity or successful implementation.3>-++61-63

Telepathology
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All in all, the use of telepathology repre-
sents an innovation that may transform
the practice of pathology tomorrow.
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