2013 International Journal of Collaborative Research on Internal Medicine & Public Health

Telepathology - An Update

Lim Chai Ling . Purushotham Krishnappa 2

! International Medical University, Bukit Jalil 57000 Kuala Lumpur, Malaysia
* PhD; International Medical University, Bukit Jalil 57000 Kuala Lumpur, Malaysia

* Corresponding Author: Lim Chai Ling
Email: chailing.lim@student.imu.edu.my

Abstract

Telepathology is a practice of pathology over a long distance. It has been first
demonstrated in space by NASA (National Air and Space Administration) since
1960s. After few decades of development, the growth of telepathology is accelerating.
Today, its technical development has matured, and it is used in multiple fields such as
in clinical practice, intraoperative consultation and medical education. These
functions can be performed with the use of all three types of telepathology system
(static telepathology, dynamic telepathology and hybrid telepathology).

Telepathology brings advantages in terms of personnel, operational and quality of
service. This brings it to be the solution for problems arise in the today’s medical
field. However, its disadvantages and challenges have restricted it from being widely
used. The main problems are the high cost fee of the software, set-up components and
maintenance, high complexity of the system, security issues and inconvenient in slide
selection.

Therefore, to integrate telepathology into the mainstream diagnostic, immediate
finding of solutions are urgently needed.
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Introduction

Pathology plays an important role in identifying the characteristics as well as a cause
of a disease in the medical field. Together with current technological advances in
medicine, pathology continues to play a role in providing information to medical
professionals as well as researchers for further investigation in the form of
telepathology.

Telepathology, as the name suggests, is an application of pathology under the
specialty in which the study itself is conveyed to a distance with the use of images in
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an electronic format rather than view from a glass slide. However, WHO (World
Health Organization) defines telemedicine as “The delivery of healthcare services,
where distance is a critical factor, by all healthcare professionals using information
and communication technologies for the exchange of valid information for diagnosis,
treatment and prevention of disease and injuries, research and evaluation and for the
continuing education of healthcare providers, all in the interests of advancing the
health of individuals and their communities.” The full integration of telemedicine is
important for establishing a meaningful use of computerized medical records.
Electronic medical records increase administrative efficiencies. Besides that, it is not
only increases the quality of healthcare and accessibility but also reduces medical
cost.

Telepathology is under a subtype of telemedicine and it is used conveniently among
medical personnel.” Rather than using images of glass slides through the light
microscope, pathological samples are being sent under electronic images and it can be
stored effortlessly. Today, telepathology is widely used in consultation, diagnosis and
medical education. It helps to overcome the problem of the non-availability of
immediate pathologist in some areas.

Definition of Telepathology

The term, telepathology was first defined by Ronald Weinstein et al as the “practice
of pathology over a long distance”.’ John Sinard defined it as “the use of any of the
telemicroscopy technologies to make the primary diagnosis for the specimen from a
remote site”. >

At present, these definitions still hold true. However, it has expanded as taking into
account of the development of modern telecommunication and technology nowadays.
Telepathology is no longer the practice of pathology by extracting information from a
histological slide but also from other sources. These sources include the sex, age,
patient’s history, clinical finding, or live image and function. *

History of Telepathology

Telepathology was first demonstrated in space by National Air and Space
Administration (NASA) in 1960s.” However, the earliest formal trial was done in
April of 1968 when a B&W (Black and White) photo of blood smear sent from Logan
Airport to Massachusetts General Hospital, Boston, USA.

In 1990s, a hybrid dynamic-robotic telepathology system was invented in northern
Norway in 1990s. °After a ten years time, virtual microscopy was marketed.’

Classification of Telepathology

Telepathology is classified into 3 modes: static (or store-and-forward), dynamic (or
real time) and hybrid (or virtual).”’
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Static Telepathology (or store-and-forward)

Static telepathology is the simplest mode of telepathology. It involves the process of
pre-selection and digitization of representative image by sender pathologist.
Thereafter, these images are transmitted to a remote telepathologist via e-mail or the
Internet.® One of the benefits of static telepathology is the low building up fees. It is
due to no special software is required to view the images and it requires only some
basic components for setting up such as microscope, camera and internet.>’ However,
there are some disadvantages such as the possibility of missing a potential diagnostic
importance area with a glass slide, lack of clarity at low power magnification, lack of
focus in still images, labour intensive and the sampling errors may occur.’

Dynamic Telepathology (or real time)

Another system, dynamic telepathology system is the most appropriate system for
frozen-section telepathology and for understaffed area.® '° It involves the transmission
of microscopic slide images to recipient in real time via live telecommunication.® '°
With the implementation of remote robotic microscope recipients can completely
control the magnification and slide. However, this sophisticated system is expensive
and not easy to maintain. It is fitted with charge coupled device (CCD) video camera,
high-resolution video monitors, proprietary software and dedicated, high performance
hardware (computer).’ Besides that, it needs a stable and broad-bandwidth
telecommunication link between the sender and the recipient.8

Hybrid Telepathology (or virtual)

Hybrid telepathology combined both static and dynamic telepathology system; having
the advantages of both systems.’A series of images are automatically stitched together
in software, compressed to a single file form and transmitted once the dynamic
telepathology session start.’ This fastens the consultation process of recipient as less
time is required to control the robotic microscope.

As shown in Table 1, each type of telepathology has their potential applications.

Model Set-up

Figure 1 is the set-up of telepathology system. It is complex. It involves many
components as shown in Table 2.

Applications of Telepathology

Once installed, a telepathology system can be used for clinical practice, intra-
operative consultations and education.”"”
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Clinical practice

Static telepathology is the oldest form of telepathology. It is used for the transmission
of cytopathology images from areas with limited cytology resources or by speeding
up routine consult processes.” However, this method can easily lead to misdiagnose as
a small fraction of information on the glass slides is taken and the diagnosis is based
on these few representative images. Thus, the judgment of sender pathologist is
important.

The innovation of dynamic telepathology has overcome the weakness of static
telepathology. It enables the remote telepathologist to remotely control and rapidly
view the entire slides in real-time. It was used in Mohs surgery to solve the problem
of the lack of dermatopathologist during a frozen section assessment.'* A study
regarding to the reliability of dynamic telepathology was done in Mohs surgery. 110
slides were being assessed with it. Later, these slides were randomly reviewed by a
same dermatopathologist by using conventional light microscope. The result shows a
complete agreement between telepathology and conventional light microscope.

Besides that, in another study; 40 cases of cytological evaluation of direct smears
from FNABs (Fine Needle Aspiration Biopsy) are assessed and the result
demonstrates a high concordance rate. (Intraobserver: 92.5-97.5%); (interobserver:
90-92.5%)." This shows the reliability of telepathology.

The reliability of dynamic telepathology enables the reading of the same slide by
multiple observers to be taking place simultaneously. This allows the interactive
discussion over difficult cases.

Intraoperative consultation

For intraoperative consultations, dynamic telepathology system is used in surgery for
the evaluation of a variety tissue type of frozen section.'® An assessment of frozen
section can be done without pathologist. Telepathology can be used for obtaining
consultation from pathologist in another location.'” Thus, tumor-free margins in a
tissue-sparing manner can be achieved even though without pathologist. The
unnecessary excision of benign region can be avoided.'®

Education

Telepathology provides a perspective application in medical education. Now, digital
imaging is beginning to replace the traditional classroom which involved the use of
glass slides and high quality microscope. Digital imaging offers significant
advantages over the traditional method.'® Cytological glass slide examination is time
consuming as it can be viewed by only one person at a time.'™ *’ The colour of stain
on the slides will fade as time goes.'™!” It is fragile and can be lost easily.'® It is costly
to make glass slides with a variety of pathologies.
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The introduction of telepathology into the medical education field is beneficial in
terms of faster the process of knowledge exchange. This improves teaching and
learning practices. For example, the use of WSI (Whole —Slide Imaging) in medical
education. The main advantage of WSI (Whole —Slide Imaging) is that the images
can be accessed easily. "®Users can review cytological educational material from web-
based virtual slide library in anytime and anywhere.'® Besides that, due to the high
image quality of WSI (Whole —Slide Imaging), pathologist can share images among
many other pathologists in the same time during medical conferences.'®

Cairo University uses WSI (Whole —Slide Imaging) technique to create a digital
pathology library for their under graduate and post graduate students as well as for all
pathology candidates in Egyptian universities and universities surrounding Arabic
countries.”” With that, they able to communicate with all pathology centres within the
Middle 2]%ast to create a digital pathology network for knowledge exchanging
purpose.

Advantages

Telepathology brings advantages in terms of personnel, operational and quality of
service.

Personnel

The lack of pathologist has become the major problem in many small pathology
departments. As a consequence, many residences in rural areas unable to obtain an
even total primary medical care. With telepathology, some of the pathological
analysis such as intraoperative frozen section can be performed without pathologist.
The laboratory technologist processes the specimen locally while a pathologist
examines the gross in another location.”” At the same time, the pathologist will
provide some guidances to technologist via monitor.”’ After that, the pathologist can
examine digital images and provide his diagnosis by phone.'*** By that,
pathologists do not need to travel to provide service.

Besides that, the implementation of telepathology enables the discussion of the
difficult cases among the pathologists. By that, they will feel more secure with their
diagnosis.”’

Operational

Digital slides can be stored a long time as the colour of stains will not fade over
time.'”*>On contrary the glass slides can break, fade and lost easily. Besides that, the
cost for setting up and maintaining the traditional method will be much more costly.
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Quality of service

With the implementation of telepathology, the slide does not need to be sent to
thousands of miles to have a consultation from an expert.” Automatically, the
turnaround time will be decreased and the patient can get a proper treatment earlier.
This will increase the recovery rate and survive rate.

Besides that, telepathology can be used in intraoperative consultation for the
evaluation of a variety tissue type of frozen section. A tumor-free margins in a tissue-
sparing manner can be achieved and the unnecessary excision of benign region can be
avoided. "

Disadvantages

The disadvantages of telepathology are the high cost of the new technology,
inconvenient slide selection and not useful for finding artifacts.”’

High cost of the new technology

The cost for building a new digitized system has limited the adoption of
telepathology.'®* The high cost of equipments and the maintenance fee for this
complex system are unaffordable by most of the small laboratory. The
implementation will ultimately fail if the equipment and system cannot be adequately
maintained. Moreover, as the file sizes for WSI (Whole —Slide Imaging) is large; the
prices for its image storage is relatively high. According to Guzman and Judkins, they
estimated they need abound 8 TB (Terabyte storage) per annual just for the storage of
neuropathology.’ The cost for a TB (Terabyte storage) is around $2600.*'"° In short;
a huge amount of money is spent on storages without including back-up storage.

Inconvenient slide selection

However, although the applications of the dynamic telepathology system are fantastic,
it is preferable if the sending and receiving stations are in similar time zones.*
Besides that, in the aspect of slide movement; dynamic telepathology has a higher
degree of difficulty compared to conventional light microscopy.”'

Not useful for finding artifacts

There will be a chance of missing critical diagnostic areas such as early stromal
invasion is higher.m’ »
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Current challenges
High cost and complexity

The high cost and complexity of equipment is the most important challenges of the
current telepathology system. To date, developing world is still not giving a full
attention to telepathology because of the high local equipment cost, inadequate
infrastructure, and lack of trained pathologists.”’ However, with the widespread of
technology in these days; the prices for equipments are becoming more affordable. In
recent, the revolution of simplified communication has cut down the expenses of
installing specialized lines.”” *' The innovation of nanotechnology applied into the
storage device such as hard disk can help to overcome the problem of storage.”> They
use a small mechanical arm to convert the information signals. Moreover, the use of
“smart” storage systems can overcome this.’ This system can detect that image has not
been accessed in a certain period of time and moves them to a less expensive storage
location.” The image files can be reduced image to approximately one-tenth of
original size by using image compression.’

Low rate of acceptance

The low rate of acceptance toward this change is another challenge. This attribute by
most pathologists do not have a clear understanding of the details of telepathology
and the feeling of the unreliability of telepathology system. Besides that, there are
many other reasons of causing negative preconceptions on telepathology. This
includes the danger of missing significance critical diagnostic areas, its limitation on
diagnosis of some cases especially thick smear of cytology specimens and questions
of responsibility.

Security issues

Furthermore, issues regarding protecting electronic data should be taken into
consideration.”” The use of internet in dynamic telepathology introduces security
problems.” However, it can be partially overcome by using Intranets, private
networks.”**

Legal-ethical issues

The implementation of telepathology arise a lot of legal related issues such as
physician licensing issues, indemnification issues, insurance issues and other
contractual issues.**

Since the consultation of telepathology across state borders, it is possible to involve
the jurisdiction of two different state status.”***** The complexity is increased when
telepathology served as intraoperative consultation. The telepathologist may need to
obtain professional licensing in the state where the patient treated in addition to the
licensing in the telepathologist’s home town.*****
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Current Situation of Telepathology in Developing countries

The shortage of pathologists and physicians in rural areas are acute and this has lead
to delay in diagnosis.?’ Telepathology has become one of many approaches to
overcome this problem. Theoretically, it is much easier to set up telepathology system
in these areas than to place hundreds of pathologists and physicians. But, its
development is restricted by a number of constraints. These constraints include non-
uniform pathology specimens processing standards, the lack of infrastructure and the
lack of training among medical personnel.”

Non-uniform pathology specimens processing standard technique

The availability of well-processed histology and cytology slides is the most important
criteria to determine the success of telepathology.m’35 Lack of uniform pathology
specimens processing standard technique in rural areas contributes to the production
of poor quality histology and cytology slides. This has become the major obstruction
for the progression of a good telepathology system in rural areas.

Lack of Infrastructure

The procurement of the main components of a telepathology system such as digital
camera, computer is difficult in some rural areas. Besides that, telecommunication
facilities in these areas may be poorly or not developed yet.3 > These factors cause the
transmission of medical cases to become difficult or impossible.

Lack of Training among medical personnel

Trained personnel for handling the telepathology system are essential. Staff must get
well known of all those functions of each part of the components as well as the way to
operate the whole telepathology system. Besides that, they are also expected to
perform multitasking.*® Most of the trained personnel refuse to work in these areas.

Current Situation of Telepathology in Developing countries

However, the development of telepathology in developed countries is very rapid. In
Europe and United State, it is overwhelmingly used in consultations while in Japan; it
is used widely for intraoperative rapid diagnosis.36

For example, in Japan, the analog telepathology system is disappearing rapidly. It is
replaced by a telepathology system which utilizes high-speed broadband Internet
connections.”® This recent, the progression of fiber-optic cable infrastructure is
overwhelming and it has enormously increased data transfer rates and volume.*
Besides that, fiber-optic video telepathology allows the recipient pathologist to do
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selection on the viewing field. This very much increases the accuracy of telepathology
based diagnosis.*

Conclusion

The shortage of trained pathologists has urged the telepathology to improve radically
in the past decade. Its future is bright as its applications have covered many fields,
from the aspect of diagnosis to continuing postgraduate education (CME). Since
telepathology will be integrated into mainstream diagnostic, further studies are
required to evaluate the feasibility and effectiveness of this technology.Economic
benefits also must be taken into account. However, there are many unresolved current
challenges hindering the expansion of telepathology. The immediate finding of
solutions is urgently needed.

Future development

The emergent of telepathology is turning pathologist into a ‘diagnostic expect’. The
pathologist can obtain data from different sources, integrate them and generate a
clinically useful disease-based integrative report.*>'*" Moreover, the incorporation of
new molecular and tissue-based testing might classify the disease into a more specific
and 2céietail classification. The recent leukaemia classification is a good example of
this.

In future, the artificial intelligence and data mining device will be more advance.”” In
gynaecological cytology, PAPNET is a good example of this technology. This device
is capable to identify and rank potentially abnormal cells. Pathologists will do
assessments on highlighted areas.

Perhaps in future the artificial intelligence and data mining device decreases the
workloads of pathologists as they look at pre-screened digitized slides with the area of
interest highlighted by computer scanners.
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Table 1: Types of telepathology and their potential applications. °

Type Applications

Static Telepathology Consultation
Continuing education
Second opinion

Dynamic Telepathology Frozen-section diagnosis
Second opinion consultation

Hybrid Telepathology Continuing education
Digital archiving

Medical education
Second opinion

Table 2: Components to be considered

Digital image capture system
Digital data transfer system

Digital data connection

Digital data receiver system

Digital data display system

Storage and archive system

Patient information system interface
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Table 3: Components of the Cost Associated with Implementation of Telepathology 3

Data storage and server capacity

FTEs (Full time employees) for IT (Information technology) technical support
FTEs for system/ scanner operation

High resolution computer monitors

Internet connectivity and bandwidth

Local network bandwidth

Microscopes with digital video cameras

System interfaces

Virtual microscopy slide viewer software

Whole slide imaging system

Wiorkstation

LT

7 - =

—

Figure 1: Set-up of Telepathology

Courtesy: http://www.hoslink.com/telepathology.htm
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