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    Chapter 3   
 Role in Medicine for Digital Pathology       

       Bernard     Têtu       and     Lewis     A.     Hassell     

            Introduction and Historical Background 

 Digital pathology (DP) has been implemented around the world mostly for education, 
clinical pathological conferences, quality control and research. Its introduction  into 
  diagnostic activities such as intraoperative consultations (frozen sections) and 
expert opinions (secondary consultation) is increasing steadily. The adoption for 
primary diagnoses and telepathology on a routine clinical basis is also increasing 
but at a slower pace. The  College of American Pathologists (CAP)   defi nes telepa-
thology as “… the practice of pathology, in which the pathologist views digitized or 
analog video or still image(s), and renders an interpretation that is included in a 
formal diagnostic report or documented in the patient record” [ 1 ]. Prior to 1990, 
different experiences using either static image or dynamic-robotic telepathology 
systems were independently attempted to provide diagnostic services. Dr. Ronald 
Weinstein was the very fi rst pathologist to experience telepathology as part of a 
multiservice between the Logan Airport and the Massachusetts General Hospital in 
1968 using an analog technology [ 1 ,  2 ]. In 1986, a  telepathology system   combining 
a color video and a robotic microscope was used successfully between El Paso, TX 
and Washington, DC. This same year, the term telepathology was introduced [ 2 ]. 
In Europe, the very fi rst telepathology experience for  frozen sections   was performed 

        B.   Têtu ,  M.D.      (*) 
  Department of Pathology ,  Centre Hospitalier Universitaire [CHU] de Québec, 
Hôpital du St-Sacrement ,   1050 Chemin Ste-Foy ,  Québec   G1S 4 L8 ,  Canada    

  Faculty of Medicine ,  Université Laval ,   Québec ,  Canada   
 e-mail: Bernard.tetu@fmed.ulaval.ca   

    L.  A.   Hassell ,  M.D.      
  Department of Pathology ,  University of Oklahoma Health Sciences Center , 
  940 Stanton L. Young Blvd., Room 451 ,  Oklahoma City ,  OK   73104 ,  USA   
 e-mail: Lewis-Hassell@ouhsc.edu  

mailto:Bernard.tetu@fmed.ulaval.ca
mailto:Lewis-Hassell@ouhsc.edu


18

in Norway, using a dual static/dynamic system between two cities situated 420 km 
apart [ 3 ]. Since then, telepathology has been developed primarily to provide diag-
nostic service to remote regions experiencing a shortage of pathologists or to sup-
port sites in the third world, mostly in Africa, [ 4 ]. The 1990s was a decade of major 
digital technological breakthroughs with, for example, the introduction of auto-
mated slide scanners with image analysis algorithms for cervical cytology smears 
screening [ 5 ]. 1990s and 2000s were decades of intensive development of interna-
tional teleconsultation platforms. The most popular were the AFIP system in 
Bethesda, USA, the iPATH in Basels, Switzerland, and the UICC-TPCC in Berlin 
[ 6 ]. More recently, an international Virtual Pathology Institute (VPI) has been cre-
ated in Germany [ 6 ], a DP consultation portal (  https://pathconsult.upmc.com/    ) has 
also been developed at the University of Pittsburgh Medical Center [ 7 ] as have simi-
lar brokered consultation services offered through DP companies and, in 2011, the 
European telepathology forum called Medical Electronic Consultation Expert 
System (MECES) was launched, taking advantage of the experiences of iPATH and 
UICC-TPCC in combination [ 5 ]. Important improvements in the quality of the 
images and reduced scanning times have become available in the 2000s. Since the 
introduction of this technology, a large number of studies clearly demonstrated that 
the quality of the virtual images were not inferior to the microscope [ 8 ], which 
paved the way to the expansion of telepathology for clinical use. Canada has been a 
leader in the development of patient-centered telepathology networks [ 9 ,  10 ], in 
good part because of the geographical challenges but also thanks to the initiative of 
a few leading pathologists and the availability of public fi nancial support. New algo-
rithms using the digital technology such as those allowing quantitative analysis of 
immunohistochemical cancer markers for estrogen receptor, progesterone receptor 
and HER2 were also developed in the 2000s [ 5 ]. Finally, the 1990s and 2000s are 
the decades of development of national and international Societies and Meetings 
focusing on DP. In 1992 the fi rst European conference on telepathology took place 
in Heidelberg and the fi rst international meeting on telemedicine in Tromso, Norway 
[ 5 ]. Later, several societies and companion meetings were created namely Pathology 
Visions (originally under the sponsorship of Aperio, and later the Digital Pathology 
Association), the International Academy of Digital Pathology, the European 
Congress on Digital Pathology, European Congress on Telepathology and 
International Congress on Virtual Microscopy, to name only a few of them. 

 Out of all this, several critical roles can be seen emerging in medicine. Herewith 
we summarize the key points of each of these.  

    Applications of Digital Pathology 

    Education 

 DP has made a  profound   impact in medical education at all levels. This began with 
activity from many institutions looking for ways to exploit this new technology to their 
advantage. As computer networks and laptop computers became more commonplace, 
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the need for fl oor-space-occupying microscopy labs held at fi xed times and using glass 
slides in varying states of cleanliness and completeness was viewed as less and less of 
a priority. The shift from glass to virtual slides or whole-slide images (WSI) in basic 
histology and pathology courses in medical, dental, veterinary and other health 
sciences has been dramatic and is nearly complete. Since Fred Dee reviewed the 
landscape in 2009 [ 11 ], the pace of the transition has not abated. Current US medical 
school graduates entering pathology training almost uniformly have been tutored 
using digital rather than glass slides, and an increasing number of international gradu-
ates as well as trainees in other disciplines. The transition has been accelerated by 
several factors highlighted in Table  3.1 .

   In the post-graduate realm,  WSI   have many advantages as well, such as in the 
creation of teaching libraries, documentation of resident competencies, and hasten-
ing skill acquisition in slide examination [ 12 – 15 ]. Training residents in specifi c 
disciplines, stain interpretation and other activities are enhanced with this tool [ 15 ]. 
WSI also offer the same access advantages to programs with multiple sites of resi-
dent activity and teaching conferences at a single site. 

 Post-graduate medical education paradigms are also enhanced and altered by the 
ready adoption of WSI. On-line slide libraries are useful to students, residents and 
practitioners alike (see   https://digitalpathologyassociation.org/whole-slide- imaging- 
repository         for comprehensive listing). WSI are extensively used by certifying boards 
in the US and elsewhere, further indicating the utility of these in the educational 
assessment realm. Furthermore, several journals have added WSI access capabili-
ties to their publications to enhance learning [ 16 ] and research value.  

   Table 3.1    Pros and cons of glass vs. digital slides  in   education environment   

 Glass slides-fi xed microscope  Virtual slides-anywhere viewing 

 Advantages  • Existing infrastructure 
 • Carry-over skill to practice 

 • Faculty time saver 
 • Annotate-able 
 • Rare features made widely viewable 
 • Adaptable to group or individual 

study 
 • Access anywhere, anytime 
 • Computer interface less intimidating 
 • Makes lab-space multiuse 
 • Adapts to testing easily 
 • Thumbnail view for orientation 

 Disadvantages  • Faculty-time intensive 
 • Slides maintenance 
 • Feature selection limited by 

need for many cuts 
 • Student time demanding 
 • Microscope use learning 

curve 
 • Physical storage space 

 • Investment in software and 
equipment 

 • Diminished faculty contact to model 
pathology 

 • Device and network speed may lead 
to slow slide loading, frequent 
pixilation 

 • File compatibility and viewer issues 
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    Research 

 DP brings a new set  of   tools to the research realm. From the studying of the 
fundamental manner in which a diagnosis is determined to extracting new lines of 
data from multispectral analysis of imaged slides, DP is yielding a rich array of new 
knowledge. The adoption of DP for just conventional veterinary microscopy has 
had a profound impact on pharmaceutical work by allowing the electronic linkage 
of study sites and expertise, supplanting the need for moving people or samples 
between data collection centers. The quantitative image analysis tools that can be 
applied to digital images have further expanded the fi eld and entered routine clinical 
care in many niches. Image search algorithms, rare event identifi cation routines, 
stain quantization and similar options all now combine to offer the researcher using 
tissue analyses a new armamentarium.  

    Tumor Boards and Patient Education 

  Multidisciplinary   patient conferences such as tumor boards benefi t from inclusion 
of pathology materials, in the form of digital slides, accessed live in much the same 
manner that radiologic imaging or endoscopic data is often reviewed in these set-
tings [ 17 ,  18 ]. Some technologic barriers, such as loading speeds still can pose a 
challenge in some fast moving conferences, but the ability to visually demonstrate 
microscopic anatomy and relationships in these settings enhances team-based care 
and builds confi dence in the pathologist, as shown in Table  3.2 . Likewise, digital 

   Table 3.2    Tumor  board   presentation of pathology materials comparison   

 Glass slides  Digital slides (WSI)  Fixed digital images 

 Advantages  • Primary data 
 • Cheap 
 • On-the-fl y questions 

can be answered 

 • Superb 
low- power 
images 

 • On-the-fl y 
questions can be 
answered 

 • Quickly move 
between slides 

 • Control of fi elds 
shown 

 • Presentation speed 
fast 

 Disadvantages  • Filing/refi lling 
 • Microscope with 

video camera 
required 

 • Physical movement 
 • Low power images 

often not high quality 

 • Slides must be 
scanned in 
advance 

 • Pixelation 

 • On-the-fl y 
questions cannot 
be easily answered 

 • Preparation time 
increased 

 • Low power 
images more 
diffi cult to 
demonstrate 
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slides open the opportunity for inclusion of links to these in patient reports which 
can either be shown directly to the patient, or accessed in a virtual conference format. 
Some evidence suggests that these kinds of educational efforts improve patient 
compliance and outcomes (J. Hunt, personal communication.)

       Clinical Work 

 The penetration  of   DP into day to day clinical care of patients has no doubt been 
slower than device manufacturers would have hoped, impeded by some of the regu-
latory barriers, and the variations in the degree to which economic or workfl ow 
advantages have been demonstrated or apply to a given setting. Food and Drug 
Administration (FDA) approval of various quantifi cation algorithms for prognostic 
marker reporting has allowed this DP tool to become standard practice in most 
clinical centers. In some settings such as consultation with disseminated specialists 
(e.g. Clarient’s model, see   http://www.clarientinc.com/about-us/clarient-pathology- 
services.aspx    , accessed 4 Nov 2014), DP is also routine. Opening timely access to 
remote technical services for immunohistochemistry (IHC) or other specialized 
stains has been similarly readily adopted as a DP business solution. A similar early 
adoption scenario has been followed for frozen section coverage of sites not con-
tinuously staffed by an on-site pathologist [ 19 ]. These now form the foundation on 
which telepathology using WSI is now practiced in several locations [ 20 ]. Practice 
guidelines for telepathology and validation guidelines for the use of WSI now exist 
to guide broader adoption [ 21 – 23 ], in advance of regulatory approval for primary 
diagnosis in the US though such approval does exist for Canada [ 23 ,  24 ]. Several 
compelling use cases also exist for cytopathology [ 25 ].   

    Technologies 

    Static (Store and Forward) Image Telepathology 

 Static  image   telepathology means the capture and storage of still images,    whether 
microscopic or macroscopic, using either a microscope or a macroscopic platform 
with transmission of the captured images to a remote recipient. This is the most 
simple and certainly the cheapest modality to transmit images. Despite these clear 
advantages, only part of the whole slide is captured and the major limitation is the 
representativeness of the captured fi eld which is dependent on the operator. 
Advantages and disadvantages of this form of telepathology are presented in 
Table  3.3 .
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       Streaming/Dynamic/Robotic 

 Streaming  telepathology   represents the live transmission of images from  a   micro-
scope or a macroscopic platform using a digital streaming camera (such as a static 
digital camera with streaming software or a digital video camera). A voice connec-
tion such as via telephone or teleconferencing may allow a live communication 
between the referring and the consulting individuals. The streaming image can be 
either controlled by the referring personnel with a standard microscope equipped 
with a digital camera or by  the   receiving observer with the use of a robotic micro-
scope. Streaming telepathology may be more labor intensive than WSI, especially 
with the use of a robotic microscope, but recent experience shows that in certain 
situations, it may be somewhat faster because it skips the intermediary scanning step. 

     Table 3.3    Comparison of technologies used for  telepathology   (adapted from Pantanowitz et al. [ 7 ])   

 Static  Streaming  WSI 

 Advantages  • Low cost 
 • Vendor 

independence 
 • Technical simplicity 
 • No special software 

required to view 
images 

 • Small manageable 
fi les 

 • Systems easy to 
maintain 

 • Real-time 
transmission 

 • Up-and-down 
focusing 
possible 

 • A large number of 
slides can be scanned 
without supervision 

 • Image can be viewed 
from any computer with 
a web interface 

 • Relatively low 
bandwidth required 

 • Entire specimen can be 
stored, retrieved and 
shared indefi nitely 

 • Access to entire case 
 • Possibility of producing 

unlimited copies of 
images with high 
resolution. 

 • Software for 
teleconferencing, image 
management, and image 
analysis available. 

 Disadvantages  • Interpretation 
limited to captured 
fi eld of views 

 • Some expertise 
needed to capture 
images 

 • Image acquisition 
labor intensive with 
possibility of 
sampling error 

 • Frequent lack of 
clarity and poor 
focus with low 
power magnifi cation 

 • No compatibility 
with current LIS 

 • Higher 
bandwidth 
required 

 • Technician 
required on site 
during the 
viewing session 

 • Host navigating 
and focusing 
requires some 
expertise 

 • Signifi cant time 
required for slide 
scanning 

 • Cost of equipments 
 • Lack of multi-planar 

focusing for cytology 
 • Need for increased 

resources to scan glass 
slides 

 • Speed of image 
acquisition and image 
resolution often limited 

 • Limited vendor 
interoperability 
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In a setting of reasonable bandwidth and transmission speeds, the ready availability 
of screen-sharing tools may make this also the most economical option. The possi-
bility of performing up-and-down focusing is also viewed as a major advantage in 
certain subspecialties such as microbiology, cytology and haematology.  Dynamic 
telepathology   appears as the mode of choice for providing immediate adequacy 
assessment of cytology specimens by telecytology [ 7 ]. Advantages and disadvan-
tages of this technology are presented in Table  3.3 .  

    Whole-Slide Images 

 WSI involves the  use   of an automated microscopic glass slide scanner that captures 
serial images from the entire specimen on a microscope glass slide which are 
‘stitched’ together to create a  virtual image  . This image  is   then stored and can be 
viewed remotely via an image management software. Whole slide imaging is a com-
plex telepathology solution but presents numerous advantages listed in Table  3.3 . 
At this point in time, WSI appears to be the most promising modality for most 
applications in the anatomic pathology laboratory [ 21 ]. Extensive literature is avail-
able on the reliability of WSI for major clinical activities such as intraoperative 
consultations (frozen sections) [ 10 ,  26 – 28 ], secondary consultations [ 10 ,  29 – 31 ] 
and primary routine pathology work [ 8 ,  9 ,  20 ,  32 ].  

    Hybrid Multi-modality Telepathology Systems 

 Recently, despite  the   increasing use of WSI for clinical applications, there has been 
a re-emergence of interest at using dynamic-robotic  telepathology   systems, in part, 
to circumvent the lack of real-time up-and-down focusing using the WSI technol-
ogy and possibly also concern over delayed FDA approval of WSI for primary diag-
nosis. In most if not all hybrid systems, a low magnifi cation image is captured and 
forwarded to the telepathologist who, after examination of the image, uses a live 
telecommunications link to view areas of interest at higher magnifi cation [ 33 ]. It is 
worth noting that early telepathology systems used in the 1990s were in fact exam-
ples of ‘hybrid’ multi-modality telepathology systems [ 2 ]. WSI uses the  Z-stacks 
technology  , which provides multiple images at different levels, to compensate for 
the lack of real-time focusing capabilities. The major disadvantages of this technol-
ogy are the signifi cantly increased scanning time required, the huge size of images 
and the frequent need to rescan the slide to obtain the needed level of interest. 
Hybrid telepathology systems combine static and dynamic technologies and, there-
fore, real-time focus adjustments are provided by the dynamic-robotic telepathol-
ogy module. The major advantages over WSI are the shorter turnaround time needed 
to render an urgent diagnosis, for example in the case of a frozen section,    and the 
possibility of live up-and-down focusing on specifi c areas where cell aggregates are 
present, such as in many cytopathology specimens.  

3 Role in Medicine for Digital Pathology
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    Mobile Devices 

 Smartphones  and   other mobile devices offer a great potential to perform telepathology 
because they are relatively cheap compared to commercial slide scanners, they are 
portable, provide internet connectivity, possess excellent digital cameras and can be 
easily attached to a microscope. The University of Pittsburgh Medical Center 
recently launched an application to be used with the iPhone which provides a solu-
tion to submit DP images for expert opinion and to incorporate a diagnostic report 
into this web-based application [ 34 ]. 

 Recently, the Food and Drug Administration has approved such an application 
for use with radiologic images [ 35 ]. Image fi delity and resolution makes the iPad 
potentially suitable for WSI evaluation of frozen sections or consultations. Current 
literature shows that the accuracy  of   frozen section interpretation is acceptable but 
diffi culties with slide navigation at high magnifi cation causes frustration leading to 
an increased risk of diagnostic errors and is viewed as one of the major obstacles to 
a more widespread use [ 35 ].   

    Target Population for use of Digital Pathology 

    Academic Centers 

 DP  clearly   resonates with the mission of the academic center on all three fronts, 
education, research and clinical care. As noted above, DP enhances the educational 
capability of the center for undergraduate, graduate and post-graduate audiences. 
DP expands the toolbox for researchers in academia, whether they are working on a 
basic science issue studying expression of characteristics on the cellular or sub- 
cellular level, or seeking translational data using tissue materials, or studying the 
outcomes of a category of patients enrolled in a clinical trial. On the clinical care 
realm, DP clearly offers a solution for getting diagnostic samples to the right sub- 
specialist consultant quickly and effi ciently, whether for initial evaluation or in con-
sultation after fi rst viewing [ 19 ]. Clinical care conferences, which at academic 
centers abound, as noted above are also enhanced by use of DP, and simplify the 
movements of people and information.  

    Remote Hospitals 

 Access to care is  the   major challenge for residents in rural or remote areas, and usu-
ally this is due to the diffi culty in retaining specialists, or even enough primary 
care- givers in the community. In Canada, for example, lack of access to pathologist 
frozen section support has been often cited as  a   reason a surgeon does not wish to 
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practice in a small hospital [ 36 ]. The uneven quality of diagnostic services in these 
areas so highly dependent on the quality of a single practitioner is also problematic. 
Engagement in a DP-network and other networks can be part of an excellent solu-
tion for rural hospitals on the tissue and microscopic diagnosis front, as it can be in 
the general lab realm. In these settings the utility of DP is not limited to surgical 
pathology but also often needs to include other aspects of microscopy [ 37 ]. 
Application of DP and telehealth tools generally has been a long-term priority of the 
US military system in recognition of the value of this approach [ 38 ,  39 ].  

    Large Cities 

 Access  to   optimal care is often not a problem limited to rural or remote settings. 
As hospital or healthcare systems expand their reach and offer services in more 
decentralized ways, one not uncommonly encounters the demand for specialized 
services (frozen sections, especially) in low volume settings which would be waste-
ful of a full-time pathologist, or settings where sub-specialist support of a general 
pathologist would offer better quality care [ 40 ]. This movement towards “point of 
care” pathology cannot be accomplished without the benefi ts of DP. Such settings 
also underscore the need for low cost scanners or other imaging tools of varying 
capacity or throughput that can be deployed across the system to facilitate image 
exchange and consultation.  

    Developing Countries 

 Access to care  is   THE problem in developing countries, stemming not just from 
economic disparities, but also to lack of specialists, technical and professional train-
ing opportunities, and to healthcare and social or governmental infrastructure. In any 
comprehensive evaluation of the solutions to this issue, the particulars may vary 
somewhat between locations, but engagement in a DP network is at least a part of the 
solution [ 41 – 45 ]. The accompanying fi gure demonstrates the dramatic difference in 
distribution of pathologist subspecialists in various countries of the world, and high-
lights a great disparity that DP can begin to bridge. Charitable, humanitarian and 
for-profi t ventures are in progress to address or exploit these disparities (Fig.  3.1 ).

        Barriers and Facilitators to Implementation 

  Despite   overwhelming advantages to the use of DP for clinical use, several barriers 
to a more widespread adoption of the technology have been repeatedly reported [ 1 ,  5 ]. 
Evaluation studies identifi ed technological,    organizational and human factors to 
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explain the relative resistance of pathologists, surgeons and technicians to use 
telepathology. Human factors remain however among the most important chal-
lenges [ 46 ]. For one thing, since glass slides are still available, many pathologists 
are reluctant to abandon their comfort zone and prefer to keep using the micro-
scope. Furthermore, surgeons hesitate to trust pathologists whom they know little 
and, conversely, pathologists can have reservations to work with technicians they 
do not know. Success relies on effi cient change management strategies including 
close tutorship and a highly coordinated effort between medical, laboratory staff, 
biomedical, administrative and IT support teams working on different sites. Despite 
all those supportive efforts, it is clear that telepathology also requires pathologists 
and surgeons to change their work practices, and to develop mutual confi dence 
between distant technologists, pathologists and surgeons. The recently released 
guidelines on whole slide imaging validation for diagnostic purposes by the 
College of American Pathologists [ 23 ] and of national guidelines such as those of 
the Canadian Association of Pathologists [ 21 ], the Royal College of Pathologists [ 47 ] 
and The American Telemedicine Association [ 22 ] are among the strategies aimed at 
encouraging wider adoption of the technology by the world pathology community. 

 However, additional technological improvements are also needed to reach this 
goal. It is clear that the technology has not reached the same level of maturity as 
teleradiology, mainly with regard to software application ergonomics, more specifi -
cally to the speed and the ease of user interfaces that are often seen are inadequate 
[ 2 ,  12 ]. Furthermore, most commercially available DP solutions cannot be easily 
integrated with local laboratory information systems making their use laborious. 
Archiving and image retrieval is also an important challenge because of the size of 
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digital images. Finally, diffi culties at clearly visualizing micro-organisms and the 
need to rescan a fair number of slides for varying technical reasons [ 48 ] represent 
other barriers to a more widespread use of the technology in the routine practice. 
Technological advances in DP have however been signifi cant in recent years and 
recent experiences confi rm that pathologists are increasingly comfortable with the 
use of the technology [ 9 ]. 

    Legal and Licensure Issues 

 Regulatory  issues   have been a major psychological and fi nancial barrier to DP, 
drawing so much attention that scientifi c and organizational advances have seemed 
to pause [ 49 – 51 ]. No scanners or systems to produce WSI have been FDA approved 
for use as a tool for primary (initial) diagnosis. But this FDA stance, designating 
these devices as Class III (high risk, no comparable device) [ 52 ] has been chal-
lenged by many DP advocates as too restrictive for a tool used by licensed physi-
cians to make a medical diagnosis. Canadian regulators classifi ed the devices as 
Class II [ 24 ], and regulatory approval was obtained by three manufacturers in 2014. 
Indeed the  FDA   stance does not preclude pathologists from validating their planned 
use and proceeding to use WSI “off-label.” The College of American Pathologists 
has issued guidelines for this purpose [ 23 ]. The FDA only governs what claims the 
manufacturer can make in marketing their device, though in the past, the FDA has 
attempted to leverage vendors ability to sell to sites they had reason to believe were 
going to use a product for clinical off-label purposes. Scanning systems and imag-
ing algorithms have been FDA approved for ER, PR, and Her2 scoring [ 53 ]. 

 Centers for Medicare and Medicaid Services (CMS) and other payers in the US 
 have   not taken a position on WSI relative to reimbursement, aside from their stance 
on other technologies or tools that require a laboratory to validate their use prior to 
patient reporting and billing for services. In certain Canadian provinces, reimburse-
ment issues have been successfully negotiated with the pathologists community [ 46 ]. 

  Telepathology   also raises unique liability issues because of its capability to tran-
scend jurisdictions. Physician multi-jurisdictional licensure is a major issue in the 
United States where pathologists may be involved in several states requiring a dif-
ferent license. It is also an issue in other federal countries such as Canada and in 
unions of independent countries such as the European Union [ 54 ]. The ability of DP 
to allow the distant separation of the patient, the patient sample and the diagnostic 
images raises physician licensure issues similar to those encountered when digital 
radiology services began to offer round-the-clock interpretation from physicians 
located oceans away from the patient [ 55 ]. The general standard has been that the 
physician must be licensed in the location (state) where the patient is being treated. 
But a similar requirement is not mandated for a consultant rendering a subsequent 
opinion on a sample. As DP service systems begin to grow and offer much wider 
(initial) access to sub-specialist diagnosticians, no doubt the role of state licensure 
boards in assuring quality of care will come under pressure to streamline the scrutiny. 
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The current existence of national practitioner databanks for adverse events may be 
the precursor of nation-wide licensure in the US. A much broader query about this 
issue arises in the matter of international consultation, reimbursement and licensure, 
a matter which is likely to undergo transition as the practices become more 
wide-spread.  

    Organizational Issues 

 Many  aspects   of DP require high levels of organization and infrastructure, particu-
larly in informatics. The generation of a high volume, data-dense information 
stream from pathology imaging poses a storage and integration challenge in order 
to optimize the value of DP to clinical medicine, or other endeavors. Critical deci-
sions about system and storage/viewing organization have long term implications 
and should be made with these considerations in mind. Device and data integration 
however are not the only issues as workfl ow, and conventional histology production 
must also be optimized to enable a successful transition to DP adoption, even on a 
limited scale [ 38 ,  56 ]. Workspace design and user interface issues must be addressed 
as well. 

 One diffi culty at establishing a  telepathology     network in jurisdictions with a pub-
lic health care system such as in Canada and the European Union is to bridge the 
gap between the need to offer consistent pathology coverage in a region and the 
necessity for each institution to prioritize its own in-house cases and to meet pre- 
defi ned turnaround times. Several factors such as tradition of practice, institutional 
regulations, shortage of pathologists and the lack of fi nancial incentives to read 
distant cases, are among the major barriers to the development of such integration 
but the affordances of telepathology will force healthcare networks around the 
world to redefi ne the routing of surgical pathology cases and adopt a more inte-
grated and comprehensive pathology coverage. These kinds of issues mandate the 
casting of a broad net of stakeholders when contemplating a project so that benefi ts 
and costs that accrue and are incurred asymmetrically can be managed successfully. 
Aligning competing interests in this way can predict success where otherwise a 
stalemate would be the result.      
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