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Evolution of Telepathology Systems

Imaging System Year 195

2-2011

A. Real Time Imaging

Television Microscopy 1952
Research Applications 1955
Clinical Applications 1968

DynamicRobotic Telepathology 1986
B. Static Image Telepathology 1987
StaticRobotic Image Telepathology 1989
Whole Slide Imaging (WSI, Automated) 1991
Whole Slide Imaging, Operatdirected 1994

C. Multi-Modality Digital Image Telepathology
Hybrid Dynamic Robotic/Static Imaging 1989
Fusion WSI EnhanceBynamic Robotic TP 2011
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Multi-Specialty Telemedicine Clinics

Massachusetts General Hospital T Logan Airport




Telemicroscopy at the
Massachusetts General Hospital
Boston, Massachusetts, USA
1967-1973
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Fast Forward
Chicago, lllinois
1975

Rush-Presbyterian St. Lukes Medical Center
Chicago, lllinois

Department of Pathology (RSW Chair)
Surg. Path Reference Lab & EM
Urinary Bladder Cancer Imaging



Fast Forward
Chicago, lllinois|

1975

Department of Pathology (RSW Chair)
Surg. Path Reference Lab & EM
Urinary Bladder Cancer Imaging

Medical Imaging Lab
Section of Hematology Research
James A. Bacus, Ph.D., Director



Digital Telepathology Inventions in Chicago, lllinois
(1984)

Academic Institutions
ARush Medical College
ARush Presbyter:i
Medical Center
Chicago, lllinois, USA
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Prospects for Telepathology

Telepathology, the practice of pathology by visu-
alizing an indirect image on a television screen rather
than viewing a specimen directly through a micro-
scope, is at an embryonic stage of development.
Progress in the field is accelerating, due to rapid ad-
vances in key technical and analytical arenas, in-
cluding computerization, digital imaging, robotic
light microscopy, multiplex fiberoptic communica-
tions, and the analytical methods available for the sci-
entific comparison of the performance of physicians
using competing diagnostic technologies. Further-
more, health care planners envision the creation of
comprehensive telehealth networks that could serve
many functions, including the provision of the diag-
nostic services of pathologists and radiologists at re-
mote sites. Such networks would provide an added
impetus to the growth of telepathology and affect
patterns of delivery of health care services.

The field of telemedicine is not new, although
telepathology per se is clearly a latecomer. In 1959,
Dr. Albert Jutra experimented with teleradiology
when he linked two Canadian hospitals, five miles
apart, with coaxial cable to transmit stored images of
telefluoroscopy examinations. At about the same
time, the Nebraska Psychiatric Institute was linked
with the University of Nebraska College of Medicine

across the street for teleconferencing. Since that

Editorial

nostic systems, for example, comparison of light box
readings with television monitor readings of chest ra-
diographs. Investigators have shown that the Relative
Operating Characteristic (ROC) technique has both
utility and robust statistical power for evaluating
diagnostic systems. The ROC method provides a
valid index of the accuracy of a diagnostic system, in-
dependent of any inherent decision bias. Also rele-
vant is teleradiology research on instrumentation.
Teleradiology studies have examined the question of
system resolution requirements. At issue is the
number of lines of resolution on a television monitor
required either to duplicate the image of the primary
specimen or, when the image does not completely
duplicate the original specimen, to produce images
of quality at least sufficient to permit the rendering
of an accurate diagnosis. Resolution requirements di-
rectly influence equipment design and image trans-
mission costs and, ultimately, the feasibility of telera-
diology or telepathology.

Prototype telepathology systems are being built
today for anatomic pathology applications in co-op-
erative ventures between academic centers and in-
dustry. The initial aim is to develop microscopy/tele-
communication systems for analyzing frozen sections
prepared at remote sites. Frozen section diagnoses
are a priority item since they are generally per-
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Telepathology and the Networking of

Pathology Diagnostic Services

Ronald S. Weinstein, MD; Kenneth J. Bloom, MD; L. Susan Rozek, RN

e Telepathology is the practice of
pathology over a long distance. Com-
ponents of a telepathology system
include the following: (1) a remote-
controlled light microscope attached
to a high-resolution video camera; (2)
a pathologist workstation incorporat-
ing controls for manipulating the
microscope and a high-resolution
video monitor; and (3) a telecommu-
nications linkage. An immediate chal-
lenge is to establish the specifica-
tions for a telepathology system.
Breast tissue has served as a model.

Telepatho!ogy is defined as the
practice of pathology at a dis-
tance by visualizing an image on a
video monitor rather than viewing a
specimen directly through a micro-
scope.! Although in its infancy, sever-
al trends in laboratory medicine seem
to favor the development of telepath-
ology. These include the emergence
of centralized reference laboratories,?
the creation of financial incentives to
spin-off certain in-house hospital
operations including some laboratory

ments in radiology are applicable to
pathology, although the transfer of
the technology from one specialty to
the other is just beginning to take
place. For example, advances in the
development of the digitalized radiol-
ogy department® and the intreduc-
tion of teleradiology as an approach to
delivering radiology diagnostic ser-
vices off-site? may foretell what
could happen to the practice of ana-
tomic pathology in the future. Dra-
matic improvements in the technology

Arch Path Lab Med 111: 646-652, 1987



Wor d

nt el épathol OgyoQ

Telepathology and the Networking of

Pathology Diagnostic Services

Ronald S. Weinstein, MD; Kenneth J. Bloom, MD; L. Susan Rozek, RN

e Telepathology is the practice of
pathology over a long distance. Com-
ponents of a telepathology system
include the following: (1) a remote-
controlled light microscope attached
to a high-resolution video camera; (2)
a pathologist workstation incorporat-
ing controls for manipulating the
microscope and a high-resolution
video monitor; and (3) a telecommu-
nications linkage. An immediate chal-
lenge is to establish the specifica-
tions for a telepathology system.
Breast tissue has served as a model.

Telepatho!ogy is defined as the
practice of pathology at a dis-
tance by visualizing an image on a
video monitor rather than viewing a
specimen directly through a micro-
scope.! Although in its infancy, sever-
al trends in laboratory medicine seem
to favor the development of telepath-
ology. These include the emergence
of centralized reference laboratories,?
the creation of financial incentives to
spin-off certain in-house hospital
operations including some laboratory

ments in radiology are applicable to
pathology, although the transfer of
the technology from one specialty to
the other is just beginning to take
place. For example, advances in the
development of the digitalized radiol-
ogy department® and the intreduc-
tion of teleradiology as an approach to
delivering radiology diagnostic ser-
vices off-site? may foretell what
could happen to the practice of ana-
tomic pathology in the future. Dra-
matic improvements in the technology

Arch Path Lab Med 111: 646-652, 1987



Wor d

nt el épathol OgyoQ

Telepathology and the Networking of

Pathology Diag

Ronald S. Weinstein, MD

e Telepathology is the practice of
pathology over a long distance. Com-
ponents of a telepathology system
include the following: (1) a remote-
controlled light microscope attached
to a high-resolution video camera; (2)
a pathologist workstation incorporat-
ing controls for manipulating the
microscope and a high-resolution
video monitor; and (3) a telecommu-
nications linkage. An immediate chal-
lenge is to establish the specifica-
tions for a telepathology system.
Breast tissue has served as a model.

; Kenneth J. Bloom, MD; I

Telepatho!ogy is defined as the
practice of pathology at a dis-
tance by visualizing an image on a
video monitor rather than viewing a
specimen directly through a micro-
scope.! Although in its infancy, sever-
al trends in laboratory medicine seem
to favor the development of telepath-
ology. These include the emergence
of centralized reference laboratories,?
the creation of financial incentives to
spin-off certain in-house hospital
operations including some laboratory

nostic Services

. Susan Rozek, RN

ments in radiology are applicable to
pathology, although the transfer of
the technology from one specialty to
the other is just beginning to take
place. For example, advances in the
development of the digitalized radiol-
ogy department® and the intreduc-
tion of teleradiology as an approach to
delivering radiology diagnostic ser-
vices off-site? may foretell what
could happen to the practice of ana-
tomic pathology in the future. Dra-
matic improvements in the technology

Arch Path Lab Med 111: 646-652, 1987



ction 7 (Chicago Tribun

Sunday, April 19, 1987

Corabinternationaklemetric$nc.

robotic microscopy patkcgsnsedo

Apollo PACS

Business

e,
Sunday, April 19, 1987

S S = e

N

Dry spell is ending
for high-tech oasis

By Pamela Sherrod

After years of setbacks, the Chicago
Technology Park, a high-tech oasis on the
fringe of the blighted West Side, has signed
up two small biotechnology firms as its
newest tenants.,

The two start-up companies, Naprotech
and Corabi_International Telemetrics
will be the first to occupy spac the

h Center, one of the park’s key

mpanies are home-grown com-
mercial results of research by Chicago
scientists. Although the park hardly ;
seen as the Midwest’s answer to California’s
Silicon Valley, signing the two firms g
ceded boost.

The two companies that hav
now represent products for the
Myron Louik, who was i
park’s birth while an economic develop
ment official under Mayor Jane Byrne
have to say it’s been a long time coming,
but this will make it easier for the park to
attract others. Now there is something to

timately productive for the area in scie
and technology and to create
source for employment on the
Side,” said Louis Masotti pmi
i dcvelopmcm a
/ ll s a \wll—wn

Rush- Pr& \b\u ran- Sl ] u
Medical (umr and the State of Tilinois
\mmm Center Commission, is on the
side on 56 acres bound h Congress
Parkway on the north, Polk Street on the
south, Damen and Ogden Avenues on the
cast, and Oakley Boulevard on the west.

The concept for the park was unveiled
more than five vears ago by Byme and
Gov. James Thompson. But the much-
touted plan had its problems.

The original plan put the Research (cn~
ter in the form Chicago Medical ¢
building in the park. This plan was rqu.ted
by Thompson, who considered the $11 mil-
lion asking price too high. The park then

Dr. Ronald S. Wemstem‘ chalrman of
Corabi, stands outside one of the
Research Center's laboratories.

; = er.

Because of thls nc Re: erh Center only

opened this month, six months behind

schedule.

The park had suffered another setback

its first anchor tenant, Amgen Co.,

based in Thousand Oaks, Calif,, decided

/ py a plant it built.

e president for Amgen’s

said the biotechnology firm has

Alter Group, a commercial real

estate de er, to find a lessee for the

Amgen building. The Alter Group has its

own 70,000-square-foot building, Tech
2000, in the park. So far, it is empty.

Another early park tenant, Cell Analysis

Continued on page 8
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Corabi Telepathology: The System that
makes it possible for the pathologist
to be in two places at once.

|I||:n§mw examining a tissue \.va' in another
part of the city—or another part of the country
without even crossing the street. That's precisely
what the pathologist is able to do today. Thanks to
the new Corabi Telepathology System

Developed to meet the exact requirements of
pathologists, the Corabi DX1000 Telepathology Work

station projects an on-screen tissue image that's so
clear an immediate and accurate long-distance diag

nosis can be made
The Corabi Telepathology System consists of
three basic components
1. aremote-controlled light microscope attached to
a high-resolution video camera
a pathologist’s workstation with controls for manip
ulating the microscope, plus a high-resolution
video monitor

}. a communications link between the remote site and

the ;.‘nl.ul..mw s own office

With this System, you can expand your practice
With this System, you can maximize your time. And
with this System, consultations with colleagues are
only a flip of the switch away

So let Corabi
make the connection

that can make a big dif c—_—
ference in your life ORABI
and a significant dif

erence in the quality — E——

e Ly WHEN LIFE IS ON THE LINE"

of health care for your

patients. With the DA
Corabi Telepathology
System
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Arizona Dynamic-Robotic Telepathology QA Program
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Dynamic-Robotic Telepathology QA Program
Four rural hospital QA program in Arizona

Case ReadOuts* | # of Cases| % of Cases| AverageTime

UMC on-service 1692 90.8'®% 3.78

telepathologist (1-33 minutes)

Deferredfor glass 170 9.13% 6.12

slide review (1-18 minutes)
Total 1862

AJMC QA Service for Havasu Regional Medical Center,
Lake Havasu, Arizona



Analysis of 1862 QA Cases

(Havasu, Arizona and University of
Arizona, Tucson, AZ.)

Discordance rateb.73 per cent
~1/3 Major Discordances
~2/3 Minor Discordances

(10 telepathologists in Tucson, A

Over 3,100 caséds4 rural hospitalsjZ
)




Issues In Robotic Telepathology

A Synchronous

A Fully control motorized light microscope

A Low resolution of whole slide images (maps, tracking
A Lack of interoperability standards

A Expensive equipment

A Broad band telecommunications

A Learning curve for users

A User satisfaction? High deferral rates




Evolution of Telepathology Systems

Imaging System Year

A. Real Time Imaging

Television Microscopy 1952
Research Applications 1955
Clinical Applications 1968

DynamicRobotic Telepathology 1986
B. Static Image Telepathology 1987
StaticRobotic Image Telepathology 1989
Whole Slide Imaging (WSI, Automated) 1991
Whole Slide Imaging, Operatdirected 1994

C. Multi-Modality Digital Image Telepathology
Hybrid Dynamic Robotic/Static Imaging 1989
Dual Image WSI Enhancddynamic Robotic TP 2011
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Static Imaging — Whole Slide Imaging (WSI)

Light
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Static Image Telepathology

A Asynchronous

A Batch paradigm
o Arizona International Telemedicine Network
o AFIP
o UICC

A Dependence on local screener for microscopic
field and magnification selection



Hybrid Dynamic /Storeand-Forward Systems

A Combined dynamic robotic and stefogward
systems

A Efficient and user friendly
A High diagnostic accuracy
A Internet enabled
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Virtual slide network

Adapted from Kayser, Szymas, and Weinstein, 1999
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