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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.
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This review is directed to practicing anatomical
pathologists, especially in non-academic institu-
tions, pathology residents, and medical staff to draw
their attention to the emerging and rapidly growing
field of informatics in pathology practice. Our
objective is to provide a simplified, yet comprehen-
sive, overview of the diverse applications of infor-
matics in anatomical pathology, the challenges faced

in our transition into an era of pathology infor-
matics, and a vision of how informatics could be
incorporated into our practice in the near future. We
will start by defining pathology informatics. We will
then summarize the spectrum of applications of
informatics in pathology and the overview of the
most commonly used informatics tools. We will also
address some of the challenges that are faced in the
transition to the era of pathology informatics and
provide a glimpse into the future of pathology
informatics. We will try as much as we can, to
avoid technical details and sophistications regard-
ing specific applications, referring the reader to
more specialized articles and textbooks in this
regard.1–4
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What is pathology informatics?

As is the case with other informatics applications,
there is no universally accepted definition or
classification for the field of pathology informatics.
Many closely related terms are being used recently
in the literature. In general, informatics in the
medical field can be simply considered as the
science that uses highly advanced technologies to
apply medical or biological information to improve
patient diagnosis or management. A more ‘formal’
definition of pathology informatics was recently
proposed as ‘the study of how complex sets of data
are acquired, stored, processed, retrieved, analyzed,
and presented, in such a way so as to turn data into
information.’3 These data sets include histopathol-
ogy and cytology reports, laboratory test results,
image files, clinical findings, and experimental
research data. Regardless of the academic argument,
informatics is simply the intersection between
medical data and highly advanced technologies
(usually through computers) in order to use them
better. Pathology informatics was created as a
response to the overwhelming amount of data and
information that was available, in an attempt to
provide better cost-effective patient services.

Tools of pathology informatics

The most commonly used tools of informatics can be
classified into digital imaging and virtual micro-
scopy, telepathology, as well as Internet and electro-
nic data mining. It should be noted that these tools
are overlapping, and that this is an arbitrary
classification created to facilitate discussion and
understanding of the subject. In the next section, we
discuss some of these tools and their revolutionary
contribution to pathology informatics in more detail.

Digital Imaging and Virtual Microscopy

Digital imaging is the storage of anatomical pathol-
ogy information, either gross pictures or micro-
scopic slides, in an electronic format. These images
can be used for education, medical literature,
archival, quality control, diagnosis, and patient
reports.5–7 For many years, microscopic details were
stored for archival or teaching purposes in the form
of glass slides. However, glass slides, have many
inherent problems. Probably the most important
problem with glass slides is the need for a lot of
space for storage and archival. Added to this, glass
slides are fragile and difficult to transport. More-
over, they cannot be stored for an unlimited period
of time and will eventually fade and need to be
replaced. In addition, they are not easily retrieved
and shared for educational purposes.1,8 In recent
years, digital imaging has emerged as a very effective
alternative to the classic glass slide storage
for various purposes. Digital imaging provides

solutions to many of the glass slide limitations.
Table 1 summarizes the major applications of digital
imaging in anatomical pathology and their advan-
tages. Moreover, digital imaging is a new flexible
tool for adjusting, enhancing, and annotating med-
ical images. Image storage is permanent and annota-
tion can be performed over them and can also be
saved. A recent study has shown the potential of
digital microscopy in offering widespread utiliza-
tion in breast histopathology for both diagnostics
and research applications.9

Virtual microscopy (also known as virtual slides)
is the more advanced form of digital imaging. It can
be defined as the high-resolution digital scanning of
an entire glass slide, as compared with selected
views at a fixed magnification, to generate a virtual
slide that can be viewed online.10,11 The introduc-
tion of virtual slides instead of digital snapshots has
overcome many limitations of digital imaging. Its
advantages include efficiency and accessibility of
imaging.12 Improved efficiency stems from accessi-
bility of the whole slide in an extraordinary quality
at lower magnifications. With virtual microscopy, a
pathologist can zoom into higher power of the area
of interest. Accessibility of web-based virtual micro-
scopy allows many pathologists to contribute to
teleconsultation and education.13

Virtual microscopy is widely accepted in pathol-
ogy for educational purposes and teleconsultation,
but is far from the routine use in surgical pathology
because of technical requirements and some limita-
tions. Technical problems include delayed transmis-
sion rate and presentation time on the screen.

Table 1 The scope of applications of digital imaging in anatomic
pathology

Application Advantages

Archival and storage
of glass slides

Easy retrieval
Permanent (no fading)
Less space

Education (medical
students, residents,
and CMA)

Easy retrieval
Easy to share with audience
Less preparation time
Accessibility to remote locations
Simultaneous availability to
multiple centers
Availability of rare cases
Less cost in examination preparation
Clarity and consistency

Patient diagnosis
and management

More accurate quantification
(eg, ER, PR receptor status)
Easier for consultation

Consultation
services

Easier transportation
Less costly
Faster

Gross pathology Permanent record of gross specimens
Minimize time consuming and
lengthy descriptions

Quality assurance66 Consistency among centers
Less costly
Allows wider range of cases
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Perhaps the most important challenges that need to
be addressed are the cost of electronic storage, and
the need to train the pathology health team and
restructure the pathology department in the hospital
to accommodate these new changes. These are
discussed further in the next section.

A recent pilot study in Norway concluded that
virtual slide technology has adequately met the
diagnostic objectives, although it cannot fully re-
place traditional routine pathology reporting.10 A
recent review addressed the many advantages and
applications of digital slides and telepathology,6

including the ability to produce identical images
in multiple computer screens without being da-
maged or causing problems of storage or retrieval,
and the decrease in problems associated with mail,
travel, and time. The software can also be easily
manipulated for research and for routine diagnosis.
It was concluded that although two main challenges
exist, which are developing more user friendly
software suitable for research and routine needs,
and for improving image storage and capacity of
hard disks, overcoming these limitations may truly
revolutionize pathology across the globe.

Telepathology: Applications and Limitations

Telepathology can be defined as the remote primary
diagnosis, consensus diagnosis, case conferencing,
or expert consultation of either electronically trans-
mitted, static, digitalized images, or real-time pic-
tures obtained using remote robotic microscopes.14

In simple words, telepathology is the work of a
pathologist located at a distance.15,16

It has become relatively easier to install tele-
pathology in most pathology departments. As any
pathology department will have microscopes and
computers with Internet connection, with a few
added elements (such as a camera connected to the
microscope and software for remote image transmis-
sion), a telepathology station can be constructed.17

The Internet serves as a repository of information
and transmission of images and is one of the easiest
infrastructures to use in this aspect to allow global
consultation.18

Different types of telepathology communications
are available for diagnostic and consultation ser-
vices, which were reviewed in detail in the study by
Cross19 As shown in Table 2, static image tele-
pathology is the simple form of telepathology
communication, which functions by capturing se-
lected digital images at one site and thereafter by
transmitting them electronically in the form of email
attachments to the remote site.20 This method has
some advantages such as low cost, but its major
limitation is sampling error.19,21 The second type is
dynamic robotic telepathology, which is the trans-
mission of real-time images from robotic microscope
so that distant operators have complete control over
the received images.16,19,22 The major drawback of
this method is its high cost, but its advantages
include controlling image viewing with no sampling
errors. The third type is hybrid telepathology, which
involves simultaneous transmission of both real-
time microscopy and static images.23

Telepathology was first used for intra-operative
consultation in Norway in 1989.1 Nowadays, the
application of telepathology has expanded to in-
clude primary diagnosis and a second opinion from
experts.24 More recently, some institutions, such as
the AFIP (Armed Forces Institute of Pathology), offer
diagnostic services using telepathology.25

Although telepathology faced great resistance in
the beginning, it is now increasingly becoming a
useful tool in anatomical pathology practice. The
scope of telepathology applications, with their
limitations is summarized in Box 1. One primary
application of telepathology is consultation.26 This
can be either a primary (as in intra-operative frozen
section consultation)27 or a secondary opinion.
Limitations of telepathology for consultation
include poor resolution of image, inappropriate field
selection, lack of clarity at lower power, and poor
nuclear details. These limitations are mainly related
to static telepathology-based consultations, which
can be largely overcome by the use of whole-slide
imaging with much higher-resolution pictures.28

The diagnostic accuracy of telepathology
The diagnostic accuracy of telepathology, as com-
pared with routine glass slides, is still a matter of

Table 2 Types of telepathology and their potential applications and disadvantages

Type Applications Disadvantages

Simple store-and-forward telepathology Second opinion
Consultation67

Continuing education

Acquiring images is labor intensive
Possibility of sampling error

Robotic telepathology Frozen-section diagnosis68,69

Second opinion consultation
Expensive
No interoperability between different manufacturers
High bandwidth requirements

Hybrid telepathology (interactive and
store-and-forward telepathology)

Continuing education
Second opinion
Digital archiving
Medical education

High initial cost
Scanning process can take several hours
Difficulty digitizing thick specimens with multiple
focal planes
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debate. Odze et al28 reported that in cases of
dysplasia with ulcerative colitis, the level of agree-
ment of digital images was slightly lower than
that obtained after reviewing the original glass
slides. However, this study used static selective
fields for consultation. In the field of cytopathology,
only a limited number of studies reported diagnostic
accuracy (ie, correct telecytology diagnosis correlat-
ing with the final pathology diagnosis). Earlier
studies have found the accuracy of telecytology
to be less than that of light microscopy.29 In
conjunction with technological advances, more
recent studies have shown improved accuracy.30

The studies by Leinweber et al31 and Morgan
et al32 have shown that telepathology is a suitable
solution in diagnosing melanocytic lesions with a
great diagnostic accuracy. These studies and
others have shown that telepathology represents a
valuable method for quality assurance in dermato-
pathology.31–34

Recently, Evans et al35 conducted a study that
analyzed 983 frozen section diagnoses collected
from 790 patients, which were made by robotic
microscopy telepathology. In this analysis, the
diagnostic accuracy was 98%, whereas the overall
deferral rate was only 7.7%, and the mid-case
technical failure rate was only 0.3%. It was observed
that discrepant cases usually involved minor inter-
pretative errors related to tumor type, none of which
had any clinical impact to date.

More recently, Lopez et al36 described a telemedi-
cine-enabled service, which combined telemammo-
graphy, telepathology, and teleoncology in a

single-day process. Although the core services were
positioned at four different physical locations,
virtual slide telepathology was used to provide
immediate quality assurance re-review of diagnosed
breast cancer cases. Complete concurrence occurred
with primary diagnoses in 90.3% of cases. Only
4.3% of the cases resulted in major discrepancies,
1.9% had minor discrepancies, 1.9% were deferred
for immunohistochemistry, and 1.3% of the cases
were deferred for examination of glass slides. In a
study by Kerr et al,37 a telepathology system for
consultation between residents and faculty for the
assessment of specimen adequacy and preliminary
diagnosis was evaluated. A total of 100 consecutive
cases were used to compare findings with the
original assessment of adequacy, interpretation,
and diagnosis, resulting in 97% diagnostic concor-
dance and 99% accuracy. Another study conducted
by Eichhorn et al38 performed a retrospective
analysis of 191 gynecological cytology slides. Data
were reviewed by three cytotechnologists and three
cytopathologists. In 89% of cases, Z3 reviewers
agreed on correct characterization. However, 83% of
the cases were categorized as ‘abnormal’ (neither
unsatisfactory nor negative for intra-epithelial lesion
or malignancy).

Other applications of telepathology are surgical
specimen manipulation,39 fine needle aspiration
cytology evaluation,40 cytology screening,4,30

autopsy assistance,39 and molecular pathology
guidance.39 One interesting application of tele-
pathology is Internet-based teleconferencing. This
technology allows the referring pathologist to trans-
mit real-time images from a microscope to a
consultant, while maintaining a verbal conversation
using Internet telephony.41 Internet-based telecon-
ferencing techniques provide effective and relatively
inexpensive tools for real-time telepathology
consultations. The technology is probably best
suited for the study of small specimens obtained
from patients who require rapid diagnosis by a
consultant.

The terms ‘virtual microscopy’ and ‘telepathology’
are often confusing. Dynamic telepathology refers to
remote robotic operation of a motorized microscope
and real-time transmission of a video image.3 In
contrast, virtual microscopy is a form of static
telepathology, in which digital imaging technology
is used to digitize, store, and view slides.42 A
digital representation of an entire slide at the
resolution of a high-magnification objective is
designated a ‘virtual slide.’ The application spec-
trum of dynamic telepathology is limited by its
‘live’ nature and single user control, whereas virtual
slides archived on a network server can be indivi-
dually controlled and simultaneously viewed
by a large number of users.43 This is the key to a
wide range of potential applications of virtual
microscopy, from production of educational materi-
al to integration into the hospital patient record
system.44

Box 1 Common applications, advantages, and limitations of
telepathology in anatomical pathology practice

Applications
Diagnostic
Routine diagnosis for remote sites
Consultation
Frozen sections (diagnosis and consultation)

Teleconferences
Education

Advantages
Easier
Less cost
Faster service
Improved diagnostic accuracy
Pathology service becomes available to remote areas
with better allocation of pathologists manpower
On spot discussion with the expert

Limitations and challenges
Inappropriate field selection
Lack of depth perception
Poor nuclear details
Time lag between different fields
Poor resolution
Inconvenience
Not suitable for every case
Set up costs
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Internet and Electronic Data Mining

Data mining can be defined as deriving information
from existing data sources in the Internet.45 The age
of pathology informatics has provided a spectrum of
help for practicing anatomical pathologists. Table 3
summarizes some of the useful pathology Internet
resources, which provide great support to patholo-
gists. Pathologists are now able to perform a quick
search for visual representation of rare cases and
search for quick updates in a certain field or
diagnostic category. They can quickly search the
web for differential diagnosis of a specific morphol-
ogy or look up the diagnostic criteria for a certain
disease entity. Moreover, diagnosis-related web sites
can help the anatomical pathologist to order the
appropriate immunohistochemistry panel, or to
review the molecular abnormalities associated with
various diseases.46,47 Information on the web has

become increasingly useful to pathologists and has
provided a new opportunity for training, sharing
research publications, and continuing medical edu-
cation.45,48 The Internet has also provided a mechan-
ism for web-based training in remote and
underserved areas to gain updates on new entities
and classification systems.49

In addition, many journals are now becoming
freely accessible in an electronic format, saving a lot
of time, effort, and resources. More recently, we are
moving into an era of ‘open-access’ journals that are
completely freely available to the reader. These
journals are usually funded by authors of the
articles. Moreover, almost all pathology textbooks
now offer an electronic version that is easily
searchable. There are some pitfalls of using the
Internet for mining data. One of the critical draw-
backs is the questionable accuracy of the informa-
tion offered.

Table 3 Useful Internet resources for practicing pathologists

Application Web site Web address

Immunohistochemistry
selection

PathIQ ImmunoQuery https://immunoquery.pathiq.com/PathIQ/Login.do

Surgical pathology Department of Pathology, University
of Pittsburgh

http://path.upmc.edu

Pathmax www.pathmax.com/main.html
PathCONSULT www.pathconsultddx.com
PathologyOutlines www.pathologyoutlines.com/
USCAP e Academy www.uscapeacademy.org/index.htm?home.htm

Genitourinary pathology WHO/ISUP urothelial neoplasms
classification

http://162.129.103.34/bladder/

Gleason’s grading of prostate cancer http://162.129.103.34/prostate/
Ob-Gyn pathology Tumors of female reproductive organs http://www.bioscience.org/atlases/tumpath/freprod
Case reports, literature
search, and educational
material

PubMed http://www.ncbi.nlm.nih.gov/PubMed/

USCAP educational material http://www.uscap.org/
Medscape http://www.medscape.com/
University of Western Ontario Pathology
Resources

http://www.uwo.ca/pathol/resources.html

Oncopathology College of American Pathologists (CAP)
Cancer Protocols and Checklists

http://www.cap.org/

Transplant pathology University of Pittsburgh http://tpis.upmc.com/TPIShome/
Pulmonary pathology Pneumo Tox http://www.pneumotox.com/
Frozen sections Frozen consult: methods, indications, and

reports
http://www.pathologie-fuerth.de/methods.html

Hematopathology Lymphoma network http://www.lymphomainfo.net/nhl/classify
Cytopathology CYTOPATHNET http://cytopathnet.org/
Forensic pathology The Wellcome trust: Forensic medicine for

medical students
http://www.forensicmed.co.uk/

John Hopkins autopsy resource http://www.autopsydb.org/
Dermatopathology Dermpath tutor http://tray.dermatology.uiowa.edu/DPT/Path-index.htm
Pathology informatics Advancing Practice, Instruction and

Innovation through Informatics (APIII)
http://apiii.upmc.edu

Lab Infotec Summit http://www.labinfotech.com
Association for Pathology Informatics http://www.pathologyinformatics.org

Pathology blogs Neuropathology blog http://neuropathologyblog.blogspot.com/2009/08/
pittsburgh-pathology-informatics-summit.html

Digital pathology blog http://www.tissuepathology.typepad.com/weblog/
Dark Daily http://www.darkdaily.com/
Lab Soft News http://labsoftnews.typepad.com/
Pathology Informatics from the Trenches http://pathologyinformaticstrenches.blogspot.com/
The Daily Sign-Out http://pathlabmed.typepad.com/

surgical_pathology_and_la/
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Recently, a number of pathology informatics web
sites are available, which provide a wealth of
informatics-related resources for a practicing pathol-
ogist. Moreover, several pathology blogs are avail-
able. A partial list of some of these resources is
shown in Table 3.

The scope of pathology informatics

The spectrum of applications of informatics in the
field of anatomical pathology is broad and not yet
clearly defined. As shown in Table 4 and Figure 1,
applications can be roughly divided into three major
categories to facilitate our understanding. These are
medical education, clinical services, and pathology
research. However, we should realize that many of
these applications are overlapping.

As discussed above, informatics is now settling on
solid ground as an important tool for pathology
education, with digital teaching tools and archrivals
becoming standard tools in many universities and
teaching hospitals.50 An interesting rapidly growing
field is the integration of informatics tools for
automated clinical decision support, from anatomi-
cal pathology case diagnosis and consultation to
patient management, risk assessment, and quality
assurance, in addition to others.51

In the next section, we discuss the impact of
informatics on clinical patient management and on
translational research in pathology in more detail.

The Impact of Pathology Informatics on Patient
Management (Moving Toward Real-Life Applications)

Perhaps one of the most important evolving fields is
the ability of informatics to provide computer-
assisted, statistically accurate decision support for
patient diagnosis, prognosis, and management.3,52

After several years of slow start, we have witnessed
the transition of informatics from the research bench
to bedside. A number of commercial vendors now
provide computer-assisted accurate statistically base
decision for prognostic and predictive markers. A
common example is the automated assessment of
immunohistochemistry for the ER, PR, and Her-2-
neu in breast cancer that has proven to be a more
accurate, reproducible, and time-saving method
compared with manual evaluation.

A number of commercial panel-based tests are
now available for tumor diagnosis and classifica-
tion. Exciting new examples are slowly emerging. A
few include miRview microRNAs-based testing to
differentiate between lung adenocarcinoma and
mesothelioma, and mRNA-based tests to identify
the tissue of origin of primary unknown cancer.53,54

Molecular-based testing for prognostic purposes that
incorporates information from multiple parameters
are already available, eg, the mRNA-based Onco-
Type test.55

It should also be noted that pathology informatics
is not moving forward in isolation, but is rather
integrated in the consortium of informatics revolu-
tion that involves various applications related to
patient management. The health system is moving
forward into an era of electronic data storage and
management, and toward integrating and linking
data obtained from different sources. As a natural
extension of informatics age, electronic medical
records are now increasingly replacing paper
archives for pathology reporting, as is with other
medical specialties.3 The replacement of ordinary
dictation of pathology reports by the voice recogni-
tion system is also emerging now with improving
success.

Informatics in Pathology Translational Research

An important application of informatics in pathol-
ogy that is usually overseen by practicing patholo-
gists is the field of translational research. From a
research perspective, pathology informatics in-
volves the management and analysis of complex
sets of data obtained from various experiments.56 At
present, an increasing number of large-scale experi-
ments have been conducted at multiple levels
including mRNA expression analysis, proteomics,
and tissue microarrays. These experiments gener-
ated an enormous amount of data that could not be
interpreted manually and necessitated the use of
high-tech computer software to facilitate the inte-
gration and correlation of data from different sources
for achieving more understanding of disease

Table 4 The Spectrum of applications of informatics in the Field
of anatomical pathology

Application Examples

Education Teaching:
Medical students
Pathology residents and fellows
Laboratory technologists
Pathology assistants
Research graduate students

Conferences presentations
Scientific publications
Self-study and CME
Digital storage of teaching collections of gross
and microscopic images of cases

Clinical Case diagnosis and consultation
Immunohistochemistry panel selection
Frozen section diagnosis and consultation
Development of prognostic models
Development of multidisciplinary
treatment algorithms
Quality assurance
Data retrieval/electronic medical records
Autopsy reporting
Digital archrivals of gross and microscopic
images of patient cases

Research Development of new prognostic and predictive
molecular markers
Analysis of molecular profiling data
Pathway analysis
Protein-protein interaction analysis
Integration of data from multiple sources
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pathogenesis, with the final goal of improving
patient diagnosis and management. Informatics offer
a great advantage of interpreting data from multiple
dimensions to shape one comprehensive picture
that informs us about the evolution and pathogen-
esis of different diseases.

A key step to improve translational research is the
development of tissue banking and electric reposi-
tory of clinicopathological databases of diseases.
Several initiatives have been implemented in major
institutions.56 In this regard, synoptic reporting
provides a structured method for storing diagnostic
and prognostic information for each patient to allow
further analysis and interpretation of data. Another
strategic movement in the right direction is the
availability of global repositories and databases for
particular diseases, such as microarray expression
profiles of mRNA, proteins, and miRNAs.

Entering into the era of pathology informatics, our
research focus started to switch from a ‘single-
molecule’ approach to a more global picture that
analyzes several hundred thousands of molecules
at the same time. This not only speeds biomarker
and treatment discoveries but also allows a new
dimension of research that is the understanding
of the cross-talk between molecules (eg, in the

form of pathways that lead to the development of
disease, etc).57

Challenges for pathology informatics

As we are moving into a new era of extensive
pathology informatics utilization, several challenges
have to be addressed. One of the most important
challenges is the cost of the new technology. Initial
transfer into a digitalized system will require
significant spending for building the new system.
To date, a limited number of institutions are
adopting digital pathology because of the high cost
and complexity of equipments. Prices are, however,
becoming much more affordable than they were a
few years ago as the technology became more
widespread. After initial capital investment,
additional running costs are becoming minimal.
Moreover, the Internet simplified communications
and overcame the problem of installing specialized
lines to communication equipment.58 The increas-
ing cost of this high-tech informatics system is
balanced on the other hand by reducing the cost of
storage59 and eliminating many of the expenses
associated with glass slides.

Figure 1 A schematic showing the possible scenarios of the incorporation of informatics into the field of anatomical pathology.
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Recently, studies have introduced the option of
‘portable telepathology,’ which can be very useful,
cost effective, and easy to implement. All that is
required to implement this system is a camera, a
universal microscope adapter for the camera, a
device to connect the camera to the computer, and
software for the remote image transfer.17,60

Another important challenge that is usually over-
seen is the attitude of practicing pathologists toward
this change. Generally speaking, a good percentage
of anatomical pathologists are not in favor of the
transition into digital practice. This can be attrib-
uted to many factors, including the less clear
understanding of the nature and details of digital
pathology, including its limitations. Some pathology
cases (eg, the thick smear of cytology specimens)30,61

cannot be simply diagnosed by telepathology.3

Moreover, there is generally a lesser level of comfort
with the new procedures as is the case with any new
practice. Another important factor that causes
resistance among pathologists is the feeling that
pathologists will have less control over this new
mechanism.3

Another practical reason why pathologists are
resistant to telepathology is the fear of missing
critical diagnostic regions.62 This has been largely
overcome by whole-slide scanning in virtual micro-
scopy.19 Moreover, the image files of virtual micro-
scopy are large and thus their transmission might be
problematic. Another problem we need to face is the
image production turn-around time especially with
large-size files. Initially, scanning a whole slide was
a very lengthy procedure.1,8 Scanning time and
efficiency are now becoming much faster and better,
respectively. A recent study showed that using
image compression can reduce image files to
approximately one-tenth their original size. Such a
compression may be beneficial in reducing trans-
mission time over the Internet.63 Using high band-
width communications for faster transmission of
images is very helpful, especially in dynamic
telepathology.19 Advances in wireless telecommuni-
cations will also enhance telepathology applications
from the point of view of transmission of images and
convenient access to the Internet web servers.64

It has been recently suggested that failure to adopt
a digital imaging technology may eventually become
a handicap and can be viewed in the future as a
deficiency of practice.8

After witnessing other successful examples in
other medical disciplines (such as radiology), we
can be more comfortable in drawing the conclusion
that pathology will be no exception. It should be
considered that not every anatomical pathologist is
good with using computers and their applications.
Thus, training the pathologists is essential to
achieve more understanding of the nature and
limitations of these transitions in addition to new
benefits for our future practice.

Legal issues related to archiving and protection of
electronic data should be also seriously considered.

The use of the Internet for store-and-forward tele-
pathology introduces new problems, mainly related
to the quality of service from the security and
performance points of view; such problems could be
partially eliminated using Intranets, ie, private
networks in which Internet protocols are adopted.
However, privacy issues of telemedicine are almost
the same as electronic commerce; thus, solutions
currently studied and adopted for it could represent
the manner by which secure communications can be
carried out for telemedicine applications.65 Patient
confidentiality should be ensured when we start
using telepathology, and data protection is highly
essential.

Pathology informatics: a glimpse into the
future

It is clear from current evidence that pathology
informatics will continue to grow and have a major
role in the future of anatomical pathology. However,
it is also clear that certain informatics applications,
such as telepathology, are not going to fully replace
the human factor or the regular microscope. In other
words, it is unlikely that in a few years pathologists
will no longer have microscopes at their workstation
but rather just a computer monitor.3 After the
period of initial enthusiasm, we arrived at a more
practical perspective regarding the involvement of
various informatics applications in the future of
pathology. Figure 1 shows a scheme of how infor-
matics will be integrated into the anatomical
pathology practice.

The era of pathology informatics is likely to
revolutionize the duties of the pathologist from a
data interpreter or a simple diagnosis provider to
more active involvement in patient management,
including prognosis assessment and choosing the
best-individualized treatment options. Information
from histological parameters will be augmented by
immunohistochemical and molecular testing results
and clinical data. Informatics will guide the incor-
poration of new molecular and tissue-based testing
that can be used to modify our current (anatomical-
based) tissue diagnosis into a more accurate and
detailed classification of diseases. A good example
of this is the recent leukemia and lymphoma
classification that incorporates other testing results
in addition to the H&E tissue diagnosis.

In an optimistic view, the era of informatics will
turn the pathologist into a ‘diagnostic specialist’
who will be able to integrate data obtained from
different sources3 to a disease-based integrative
report that is more clinically useful than any of its
elements by themselves.3
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