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Informatics for practicing anatomical
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Informatics can be defined as using highly advanced technologies to improve patient diagnosis or
management. Pathology informatics had evolved as a response to the overwhelming amount of information
that was available, in an attempt to better use and maintain them. The most commonly used tools of informatics
can be classified into digital imaging, telepathology, as well as Internet and electronic data mining. Digital
imaging is the storage of anatomical pathology information, either gross pictures or microscopic slides, in an
electronic format. These images can be used for education, archival, diagnosis, and consultation. Virtual
microscopy is the more advanced form of digital imaging with enhanced efficiency and accessibility.
Telepathology is now increasingly becoming a useful tool in anatomical pathology practice. Different types of
telepathology communications are available for both diagnostic and consultation services. The spectrum of
applications of informatics in the field of anatomical pathology is broad and encompasses medical education,
clinical services, and pathology research. Informatics is now settling on solid ground as an important tool for
pathology teaching, with digital teaching becoming the standard tool in many institutions. After a slow start, we
now witness the transition of informatics from the research bench to bedside. As we are moving into a new era
of extensive pathology informatics utilization, several challenges have to be addressed, including the cost of
the new technology, legal issues, and resistance of pathologists. It is clear from the current evidence that
pathology informatics will continue to grow and have a major role in the future of our specialty. However, it is

also clear that it is not going to fully replace the human factor or the regular microscope.
Modern Pathology (2010} 23, 349-358; doi:10.1038/modpathol.2009.190; published online 15 January 2010
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Figure 1 A schematic showing the possible scenarios of the incorporation of informatics into the field of anatomical pathology.
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Definitions of Telepathology

Word: Telepathology is the practice of pathology at
a distance.

Term: Telepathology is the practice of pathology at
a distance by visualizing an indirect image on a
video monitor screen rather than viewing a
specimen directly through a microscope.

Wei nstein, R.S., NProspects for
Human Pathology 17: 433-434, 1986.



Telepathology Technologies

To To To To Po Do Do Io Do Do Do I»

Television Microscopy - RCA Sarnoff Labs (1952)
Television Microscopy -Clinical Bird (1968)

Robotic -Dynamic Telepathology Weinstein et a/ (1986)
Static TP (Store and Forward -SF) Dusserre (1987)

Hybrid Dynamic -Robotic TP/SFTP Eide and Nordrum (1989)

Robotic -Static TP Shimosato and Yagi (1989)
Whole Slide Imaging (WSI) Bacus (~1991)

Rapid WSI (< 1 hour) Becich (2000)

Ultrarapid WSI(< 1 min) Weinstein et al (2004)

WSI plus Z -Stacks Various companies

Hybrid WSI/Robotic Microscopy  Various companies
Fusion WSI/Robotic Microscopy Various companies
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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

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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Definitions of Telepathology

Word: O0OThe practice o
a di stancebo

Term : The use of
telecommunications technology to
facilitate the transfer of image  -rich
pathology data between remote
locations for the purposes of
diagnosis, education, and research.




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: 64652, 1987



/ssues in Robotic Microscopy

A Synchronous

A Fully control motorized light
microscope

A Lack of interoperability standards
A Relatively expensive equipment
A User satisfaction
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Telepathology Technologies

To To To To Po Do Do Io Do Do Do I»

Television Microscopy - RCA Sarnoff Labs (1952)
Television Microscopy -Clinical Bird (1968)

Robotic -Dynamic TP Weinstein et a/ (1986)
Static TP (Store and Forward -SF) Dusserre (1987)

Hybrid Dynamic -Robotic/SF Eide and Nordrum (1989)
Robotic -Static TP Shimosato and Yagi (1989)
Whole Slide Imaging (WSI) Bacus (~1991)

Rapid WSI (< 1 hour) Becich (2000)

Ultrarapid WSI(< 1 min) Weinstein et al (2004)

WSI plus Z -Stacks Various companies

Hybrid WSI/Robotic Microscopy  Various companies
Fusion WSI/Robotic Microscopy Various companies



Telepathology Technologies

To To To To Po Do Do Io Do Do Do I»

Television Microscopy - RCA Sarnoff Labs (1952)
Television Microscopy -Clinical Bird (1968)

Robotic -Dynamic TP Weinstein et al/ (1986)
Static TP (Store and Forward -SF) Dusserre (1987)

Hybrid Dynamic -Robotic/SF Eide and Nordrum (1989)
Robotic -Static TP Shimosato and Yagi (1989)
Whole Slide Imaging (WSI) Bacus (~1991)

Rapid WSI (< 1 hour) Becich (2000)

Ultrarapid WSI(< 1 min) Weinstein et al (2004)

WSI plus Z -Stacks Various companies

Hybrid WSI/Robotic Microscopy  Various companies
Fusion WSI/Robotic Microscopy Various companies



Static Imaging Systems

A Asynchronous

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

A Dependence on screener for microscopic
field and magnification selection

A Minimal opportunity for interactive field
selection
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Hybrid Dynamic Store -and-Forward Systems
HDSF,

A Integrated dynamic robotic and store -
forward systems (7. E/de and
[.Nordrum, Univ. of Tromso, Norway )

A Efficient and user friendly
A High diagnostic accuracy
A 2 Mb/sec bandwidth
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Arizona Dynamic-Robotic Telepathology QA Program
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Dynamic-Robotic Telepathology QA Program

CaseReadOuts | #of Cases| % of Cases AverageTime

UMC on-service 1692 90.82%0 3.78
telepathologist (1-33 minutes)
Deferredfor glass 170 9.13% 6.12
slide review (1-18 minutes)

Total 1862




Analysis of 1862 QA Cases

(University of Arizona)

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

Deferrals for glass slide review
9.13 per cent of cases



Hybrid DR/SF Deferral Rates

D g |

Total cases | Total deferred Deferral rate
Total Deferred | excluding the cases Deferral excluding
Pathologists casesin| cases | Pat hol g excledingthe | ratein |Pat hol
general subspecialty pat hol ofggererhld|ssubspecialty
subspecialty
Gastro Intestinal 501 24 344 17 4.79% 4.94%
Heart and Lung 369 30 321 25 8.13% 7.78%
Renal 188 24 150 22 14.79% 14.67%
Soft Tissue 174 37 165 36 21.26% 21.81%
GYN 166 12 161 12 71.23% 7.45%
Renal 139 12 109 10 8.63% 9.17%
Endocrine 85 9 83 9 10.59% | 10.84%
ENT Path 84 6 76 6 7.14% 7.89%
Dermatology 58 7 50 5 12.07% 10%
Breast 5l 4 50 4 7.84% 8%




Telepathology Technologies

To To To To Po Do Do Io Do Do Do I»

Television Microscopy - RCA Sarnoff Labs (1952)
Television Microscopy -Clinical Bird (1968)

Robotic -Dynamic TP Weinstein et al/ (1986)
Static TP (Store and Forward -SF) Dusserre (1987)

Hybrid Dynamic -Robotic/SF Eide and Nordrum (1989)
Robotic -Static TP Shimosato and Yagi (1989)
Whole Slide Imaging (WSI) Bacus (~1991)

Rapid WSI (< 1 hour) Becich (2000)

Ultrarapid WSI(< 1 min) Weinstein et al (2004)

WSI plus Z -Stacks Various companies

Hybrid WSI/Robotic Microscopy  Various companies
Fusion WSI/Robotic Microscopy Various companies



Light
Microscopy

Virtual
Slides
(WSI)



Telepathology Technologies

To To To To Po Do Do Io Do Do Do I»

Television Microscopy - RCA Sarnoff Labs (1952)
Television Microscopy -Clinical Bird (1968)

Robotic -Dynamic TP Weinstein et al/ (1986)
Static TP (Store and Forward -SF) Dusserre (1987)

Hybrid Dynamic -Robotic/SF Eide and Nordrum (1989)
Robotic -Static TP Shimosato and Yagi (1989)
Whole Slide Imaging (WSI) Bacus (~1991)

Rapid WSI (< 1 hour) Becich (2000)

Ultrarapid WSI(< 1 min) Weinstein et al (2004)

WSI plus Z -Stacks Various companies

Hybrid WSI/Robotic Microscopy  Various companies
Fusion WSI/Robotic Microscopy Various companies



Virtual
Slide a
Processo |

Whole Slide Image Networg. .

Adapted from Kayser et al., 1999




AWh o'lie S dedepathol@yy |
BacuslLabs, Lombard, lllinois

A Complete slide digitization
A Storage on-a server

A Internet access

A Imaging via a browser




Virtual Slide Telepathology
Developed by 31 Companies

Bacus Laboratoriesi
Large Patent Portfolio



University of Arizona

Virtual Slide Telepathology



Slides Per Day

Innovations in Virtual Slide Processors
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Array Microscope Concept
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