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Foreword

"Why don’t you come to Solomon Islands and try to set up a tlegogy link for us?", Hermann
Oberli asked me in 2001. Before I really knew where thesenddavere, | had agreed to try
to help him set up a telepathology service for the NationdeRal Hospital in Honiara, the
country’s capital, where he was working as a surgeon at time. t The possibility to deliver
pathology diagnosis over Internet to a place as remote amkoadded a fascinating dimension
to our telepathology project, where so far we had considégredther end of Switzerland a far
away place.

However, once the technical problems were solved, new mqursstame up: How accurate are
diagnoses delivered over telepathology under the giveditons? How useful are such distance
diagnoses for the surgeons? Despite these uncertaindedeh spread rapidly; and soon there
were consultations coming from Cambodia, Bangladesh, ,Usas and other countries. How
should we organise our group of volunteering pathologs@ddress the increasing number of
consultations?

Yet another dimension was added to the project when we w@re@aphed by people who wanted
to use the same platform for the organisation of regionahteldicine networks. This raised the
guestion whether this form of telemedicine was only feasfbt international collaborations or

whether regional networks within resource-constrainedswvere equally feasible. By a twist of
fate | got in contact with Lech Banach from the University odiiskei in Mthatha, South Africa,

and the idea for a project within one of the least developgtnrs of South Africa emerged.

At this time | decided to turn the whole thing into a PhD préjesd in the end | spent a most
interesting year as a guest researcher in Mthatha tryinghpdeiment a regional telemedicine
network.

As a result of these various collaborations with differemiimtries and within different medical
specialties and on all levels of health systems we startadugily gaining a better insight into
health care systems of developing countries. While thedeblean several pilot projects on im-
plementing telemedicine services in developing countviescame to realise that there was little
understanding on the impact of telemedicine on health gatess in resource-constrained ar-
eas: Can telemedicine improve access and quality of carecpedse cost of care delivery? Will
telemedicine only help to improve diagnosis for an indigtpatient or would it be possible to
use telemedicine as a vector for a sustainable knowledgsfésand thus contribute to strength-
ening health systems at large?

The research presented in this thesis is not based on aa imyfpothesis but has been driven
by very practical needs. This has led to a series of actiam fivhich new questions arose,
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each demanding its own reflection. Although the developroéattechnical platform feasible

for organising telemedical collaboration within a largenher of participants working under

very different conditions could be seen as an innovatiorisobwn, the aim of this thesis is to

achieve a better understanding of how telemedicine impattsealth systems, to consolidate
our experiences from various different projects and toya®alhe possibilities of telemedicine to
strengthen health systems.

XVi



Acknowledgement

The presented thesis is a result of many collaborationsibed established between the "iPath”
telemedicine project at the Department of Pathology in Basd various institutions and indi-
viduals around the globe — many of them from developing aeestThese include in particular
the former University of Transkei (now Walter Sisulu Unisity), where | spent one year as a
guest student, the National Referral Hospital (NRH) on Bwlo Islands, the Sihanouk Centre
of Hope (SCHC) in Cambodia, the Swiss Centre of Internatibtealth at the Swiss Tropical
Institute and many others. Numerous people were involvedany ways in the realisation of
this work — their help is most greatly acknowledged.

My sincerest thanks are addressed to Prof. Martin Oberh{xept. of Pathology, University
of Basel), who has initiated the whole project and who hasgdbeen ready to discuss new
ideas and to test new software elements and who has alwareafhe necessary support and
motivation to pursue this work. | feel indebted to Prof. L&dmach (Department of Pathology
and Telemedicine Unit, Walter Sisulu University, MthatBauth Africa), who has enabled my
stay in South Africa and organised the two conferences amtetdlicine in the Eastern Cape
and who, together with his wife Barbra, has made South Afoeahome away from home.
Equally grateful | am to Prof. Marcel Tanner (Swiss Tropikcedtitute, University of Basel) for
accepting to be the faculty representative for this thesisfar pushing towards a broader view
of telemedicine to strengthen health care systems and o Rrdoine Geissbuhler from the
University Hospital of Geneva for accepting to be the exdéreferee.

The whole project would probably never have started witleotthusiasm and commitment of Dr.
Hermann Oberli (then Head of Orthopaedic Surgery at NRH3.\iiion of a pathology service
on Solomon Islands by means of telepathology finally enablgdiisit on Solomon Islands in
2001 to set up the histology lab and a telepathology workstatvhich was my first exposure
to health care under severely resource-constrained ¢omslitThis whole endeavour was only
possible with the help of the fabulous team in Honiara: Irtipalar Michael, Anna, Wilson
and Andrew of the medical laboratory. Greatest thanks migst go to Dr. Rooney Jagilly,
the surgeon, who has photographed and submitted all thenspe@repared by the lab. The
friendship and hospitality that we experienced on Solonstanids was simply outstanding.

My thanks are addressed to Dr. Gerhard Stauch and Dr. Chiey Sathana, who established
the telepathology service at the SHCH, from where over 1é@donsultations have originated
over the past four years: Their project provided by far thgdat amount of data evaluated in
this study.

| am very grateful to all the people contributing to the tdkrmatology project in South Africa,
particularly to Dr. Don O’Mahony, Dr. Louise Lagrange, Rafr Madikane, Chris Morris; and to

XVii



the team from the Swiss Centre for International Health &ed tUkrainian partners, especially
to Marc Blunier, Martin Raab, Dr. Andrey Solodarenko and Amton Viadzymyrskyy.

The telepathology projects evaluated during this work waubt have been possible without
the help of a large pathologists’ team who voluntarily atedpconsultations from the various
partners in developing countries. In particular | wouleelio thank Prof. Kunze from Dresden,
who has reviewed over 2000 (!) cases submitted by telepadliadnd who has reviewed the
slides from SHCH, and Dr. Nina Hurwitz from Basel, who haseeed all the slides for the
NRH study and who has relentlessly tested many new featamgrisoftware.

| would like to acknowledge all those who have tested, tiatesl and contributed otherwise to
iPath and who provided me with invaluable feedback and n@asd Thanks are expressed in
particular to Dr. Gunter Haroske for continuously testing tlinical documentation module, to
Fred Hersch for all the good ideas and discussions and tdrdwestators”: Dr. Eka Kldiashvili
(Russian and Georgian), Dr. Maria Zolfo (Italian), Dr. Gd8kSolovyov (Ukrainian), Dr. Jorge
Rodriguez (Spanish), Dr. Ugnius Mickeys (Lithuanian) and Bernard Tappernoux and Dr.
Ousmane Ly (French). Most notably | would like to thank Manlubler, who has always kept
our iPath-server running and organised while | was away amal as been a tremendous help
in keeping our virtual institute going.

From all those many people who have contributed in variobsrotvays | would like to speak
a word of gratefulness to Afsin Abdi Rad, Mostafa Mohammadia@p Christian Ohlschlegel,
Cornelia Haner, Gernodt Jundt, Peter Dalquen, Udo Koéllmdoiio Claro, Geneviéve Lear-
month, Andrei Stepien, Boniafce Kabaso, Peter Scally, Matelfrich and to many others.

From all the friends that | have been discussing variousasp# this project | feel particu-

larly indebted to Mark Wirdnam, Thomas Kappeli, Anthony @aa Nhati Bangeni, Moham-

mad Khan. | would like to thank those people who have visitedluring our year in South

Africa: Kristin and Doris Roth, Christoph Bieri, Susann®I3tand my parents-in-law, Sibylle

and Jochen Haase. A very special thank must be addressednetieChanda for the continuous
discussion about telemedicine and ICTs in Zambia, his wedéh€rine for the most incredible
hospitality that we received when visiting them in Lusaka] & Flora Asah for the numerous
inspiring discussions on telemedicine and health infoilonaaccess in Africa. Furthermore |
would like to thank all the wonderful people from Ikhwezi Lda, in particular Sr. Franzis-
cus Maria and Sindiswa Mkwebetu and her family, who have noanlestay in Mthatha a most

enjoyable one.

At this place | also whish to express my profoundest thamidss for all those software devel-
opers who helped to build all the open source tools withoutkwhone of this work would have
been possible in the current form. The iPath telemediciadqgyim presented here is based en-
tirely on open-source software as was the typesetting atidtstal analysis of this thesis itself.

Finally, | thank the members of my family and most profounilyould like to thank my dear
wife Andrea, who has always supported my often chaotic #ietbvand who has been the most
caring and loving companion throughout the various jousr@the past years.

XViii



Financial support for the year visit at the University of is&ei was granted by the Swiss Na-
tional Science Foundation. The telepathology project dor8on Islands was made possible by
financial support from the association "South Pacific Mddirajects” of Dr. Hermann Oberli

and the Stanley Thomas Johnson Foundation.

XiX



XX



Summary

In many developing countries there is an acute shortageaofel medical specialists. This
does not only hamper individual patients’ access to medi@gnostics but furthermore limits
the development of health systems because a major role afpthaalists is the provision of
continuous medical education of health care personnel.

The rapid development of information and communicatiommetogies has enabled radically
new forms of virtual collaboration at a distance. So-caliel@medicine enables us today to
transmit knowledge to the patient rather than to only trantgpatients to the centres where the
knowledge is available; this has promising implicationpamticular for remote and under-served
areas.

Initiated by a request from a Swiss surgeon from Solomomdésaa project for supporting the
hospital in Honiara, capital of Solomon Islands, with pdblgy diagnoses was started between
Honiara and the Department of Pathology in Basel in 2001 erAdt successful start this pilot
project found broad interest, and the Internet platfornh iaal been developed was soon utilised
by projects from other countries and medical disciplindsug questions arose about the diag-
nostic accuracy of such remote diagnoses as well as abauttteeptance and impact on the
local health care system. The work presented here waste@dt@n this background. It analyses
the applicability of telemedicine in the context of res@iponstrained areas and in particular
the possibilities to extend its impact from improving indiwal diagnosis towards strengthening
health care systems.

A central part of this project was the development of iPathjrdernet- and email-based tele-
medicine platform, which facilitates medical consultaspknowledge exchange and continuous
education on a global scale. A particular emphasis was ptheapplicability and accessibility
for users from developing countries with limited infragtiwre and network connectivity. The
complete software was released under an open-sourcedidercder to allow unrestricted re-
use for other institutions.

The diagnostic accuracy of this form of telemedicine wadistiin two projects from the field of
pathology. A retrospective review of over 200 glass slidesfeach project revealed complete
diagnostic concordance between the telemedical diagandigeview diagnosis in 69% and 85%
respectively. Clinically relevant discrepancies werenidin 8% and 3.3% of all examinations.
Selection of images by the non-expert and communicatioer feemd to have the greatest impact
on diagnostic accuracy. Both factors can be addressedibingand organisation of workflow.
In comparison to submitting material for pathological exaation by courier, the turn-around
time could be reduced from weeks to days or hours. Besidestire rapid availability of
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diagnosis, telemedicine enabled a direct dialogue betweesurgeon and the pathologist and
thus facilitated an implicit permanent medical education.

The educational aspects of telemedicine were studied mitie scope of a tele-dermatology
project in South Africa. Distance collaboration with a datologist empowered a general prac-
titioner based in a rural area to diagnose and treat a majofipatients with dermatological
problems. Besides the direct benefit of saving the patiét€dst of transportation to visit the
dermatologist, the general practitioner could strengthisrown diagnostic skills under direct
guidance and quality control of a specialist. As a consecgi®&e will be able to treat more pa-
tients locally, close to their homes and families. The whmigect was implemented within the
local health system in order to facilitate a future inclusad other primary care facilities.

Regional telemedicine networks play a major role to ensele/ance and acceptability of con-
sultative and educational telemedicine. Within the scdgkeUkrainian Swiss Perinatal Health
Program a telemedicine component was included, and it wasdfthat the use of regional
language as well as inclusion of the regional specialistsimportant for the acceptance of
telemedicine and should not be neglected in a era of glcialis

The presented results demonstrate that save and reliddxecicine can be implemented with
limited resources. Telemedicine is suitable in partictdestrengthen existing international col-
laborations and to support professionally isolated médjecialists.

Regional collaboration and inclusion of regional spestaliare desirable if telemedicine shall
help to strengthen health care systems. The applicatioel@itedicine should not only focus
on providing care to individual patients, but should exigifancorporate skills development and
capacity building of primary care staff.

Organisation of work flow and communication have been fowrgetthe most challenging task
for the implementation of telemedicine networks. Resasiroest be invested not only in tech-
nology but more importantly in training and organisatiortilisation of existing technological

infrastructure is advisable wherever possible and greatiyces the complexity of providing
support and maintenance.

The presented telemedicine platform provides an efficmuitfor the organisation of interdisci-
plinary, regional and international telemedicine netvgorkVe hope that the unrestricted avail-
ability of the software developed during this project witladle other institutions to utilise it for
their own purpose and that they will thus be able to allocasmurces on the organisation of
workflow rather than technology.
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Zusammenfassung

Viele Entwicklungslander haben einen akuten Mangel an gsgebildeten medizinischen Spe-
zialisten. Dies beeintrachtigt nicht nur den Zugang degediien Patienten zu medizinischer
Diagnostik, sondern behindert auch die Entwicklung deru@dkeitssysteme, denn die Spezial-
isten bilden einen wichtigen Pfeiler flur die lokale Aus- Wvditerbildung des gesamten Gesund-
heitspersonals.

Durch die rasante Entwicklung der Informations- und Komikationstechnologien eréffnen
sich heute ganz neue Mdéglichkeiten von virtueller Zusamamaeit auf Distanz. Telemedizin
ermoglicht es, vermehrt Wissen zum Patienten zu bringetatimsir die Patienten zu den Wis-
senszentren zu transportieren; insbesondere fir abgelegel unterversorgte Gegenden ist dies
eine vielversprechende Entwicklung.

Ausgehend von einer Anfrage eines auf den Solomon Islamdisipierenden Chirurgen entstand
2001 am Institut fir Pathologie in Basel ein Projekt zur Usti#zung des Spitals in Honiara,
der Hauptstadt der Solomon Islands, mit Hilfe von Teleplaiie. Nach erfolgreichem Start
fand das Pilotprojekt ein Uberraschend grosses Echo, engudiliesem Zweck entwickelte In-
ternetplattform wurde bald von anderen Gruppen und Fadgbgebmitbenutzt. Dadurch stellten
sich auch diverse Fragen bezuglich diagnostischer Sieltexticher Ferndiagnosen sowie deren
Akzeptanz und Einfluss auf das lokale Gesundheitswesendidaém Hintergrund entstand die
vorliegende Arbeit, in welcher untersucht wird, inwiefainoh Telemedizin in Entwicklungslan-
dern einsetzten lasst und ob dabei der Schritt von der veeties Diagnostik fir ein einzelnes
Individuum zur Starkung des gesamten Gesundheitsweselcmdsy.

Als zentrales Element der vorliegenden Arbeit wurde eiberiret- und Email-basierte Telemedi-
zinplattform entwickelt, Uber die sich weltweit und bererfreundlich Konsultationen, Wis-

sensaustausch und Weiterbildung abwickeln lassen. Besen@ert wurde dabei auf die An-

wendbarkeit fur Benutzer aus Entwicklungslandern, didgier eine minimale EDV-Infrastruktur
und Uber langsame Netzwerkverbindungen verfugen, gelggt. Sicherstellung einer nach-

haltigen Verflugbarkeit wurde die gesamte Software in FarmasOpen-Source-Projektes verof-
fentlicht.

Zur Klarung der diagnostischen Sicherheit wurden zweidktejaus dem Gebiet Telepathologie
analysiert. Eine retrospektive Untersuchung von jeweisriP00 Gewebeproben ergab, dass
die Diagnosen am originalen Schnitt zu 69% bzw. 85% mit dendiagnose Ubereinstimmten.
Klinisch relevante Unterschiede wurden nur in 8% bzw. 3.386 Kbnsultationen festgestellt.
Die wichtigsten Einflussfaktoren fir die Qualitat der Diagan waren die Bildwahl durch den
Nicht-Experten sowie der Kommunikationsfluss zwischen®amnern. Beide Faktoren kbnnen
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durch Training und gute Organisation positiv beeinflusstder. Im Vergleich zur Abwick-
lung von pathologischen Diagnosen per Post konnte die Za#ichen Gewebeentnahme und
Verfugbarkeit einer Diagnose von oft Wochen auf Tage bisi@&n reduziert werden. Nebst
der schnelleren Verfugbarkeit der Diagnosen ermdglicatT@gilemedizin dem Chirurgen auch,
Nachfragen an den Pathologen zu stellen, und erlaubt dabbkresne implizite Weiterbildung.

Der edukative Aspekt der Telemedizin wurde anhand einesd@ematologieprojektes in Sud-
afrika untersucht. Die direkte Zusammenarbeit mit dem Réohogen ermoglicht es einem
Allgemeinpraktiker in einer landlichen Gegend, die Melirlder dermatologischen Probleme
vor Ort zu diagnostizieren und zu behandeln. Verglicheneimiér klassischen Uberweisung an
den Spezialisten wurden so nicht nur Kosten fur den TramnsjgrPatienten gespart, sondern
der behandelnde Arzt konnte seine eigenen diagnostiscitegkeiten unter direkter Anleitung
und Qualitatskontrolle eines Spezialisten verbessedassin Zukunft mehr Patienten ndher bei
ihrem Heim und bei ihrer Familie behandelt werden kdnnenwksle versucht, das Projekt
moglichst auf das regionale Gesundheitssystem abzustiire damit eine Ausdehnung des
Pilotprojektes auf weitere Kliniken zu vereinfachen.

Regionale Netzwerke kdnnen eine wichtige Rolle zur Sidb#ug der Relevanz und Akzep-
tanz von konsultativer und edukativer telemedizinischesadnmenarbeit spielen. Im Ukrainian
Swiss Perinatal Health Program zeigte sich klar, dass auemer globalisierten Welt der Ge-
brauch der Landessprache und die Interaktion mit den ratgarSpezialisten nicht vernachlas-
sigt werden sollten. Dies gilt insbesondere, wenn einek8idy des Gesundheitswesen erreicht
werden soll.

Mit den prasentierten Resultaten lasst sich zeigen, dasssahere und zuverlassige Telemedi-
zin mit einfachen technischen Mitteln auch in Entwickluégslern gut moglich ist. Telemedi-
zin eignet sich insbesondere zur Intensivierung von bestddr internationaler Zusammenarbeit
sowie zur Unterstitzung von isoliert praktizierenden Sypiesten.

Regionale Verbindungen sind in vielen Fallen wiinschensw®oll die Telemedizin zu einer
Starkung des Gesundheitswesen beitragen, dann solltéokdien Spezialisten miteinbezogen
werden, und der Fokus darf nicht nur auf der Behandlung daerfen liegen, sondern muss
insbesondere auch die Weiterbildung des Gesundheitspssmiteinbeziehen.

Die Schwierigkeiten beim Aufbau von Telemedizinnetzwerkesteht vor allem in der Organisa-
tion der Arbeitsablaufe und nicht bei den technologischematfssetzungen. Ressourcen werden
nicht nur fiir die Anschaffung von Technologie bendtigt,cem in erster Linie fur Training und
Support sowie zum Aufbau der Arbeitsablaufe und zur Orgdiuis eines gezielten Informa-
tionsflusses. Es ist zu empfehlen, wenn immer mdglich vatbae technologische Infrastruktur
zu benutzen, da somit Wartung und Support enorm erleichenden.

Die im Rahmen dieses Projektes entwickelte Telemedizitipian stellt ein effizientes Werkzeug
zur Organisation von interdisziplinaren regionalen wieinationalen Netzwerken dar. Es ist zu
hoffen, dass die freie Verfugbarkeit dieser Plattform aedastitutionen zu deren Nutzung in
eigenen Projekten ermuntern kann und dass diese daduecRéssourcen vermehrt fur die Or-
ganisation der Prozesse einsetzen kénnen.
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1. Introduction

Many developing countries are facing various problems iiveeng health care and medical
services to their population — lack of funds and constrasburces as well as a dramatic short-
age of trained and experienced doctors and nurses. Goatygealices and medical specialists
are often concentrated in urban areas. Poor roads, limaedportation facilities and long dis-
tances are severe obstacles for providing health carecssrto rural communities and remote
areas. Patients can often not afford transportation toehaeast health care facility providing the
necessary medical specialty. Provision of support andimeois medical education for those
health care professionals working in rural areas are exdhedifficult. Is telemedicine a feasible
tool to address at least some of these issues?

In brief, telemedicine is the delivery of health care seggisuch as diagnosis, treatment advice
and continuous education for professionals at a distarsteg information and Communication
Technologies (IC¥) to bridge the physical distance between patients andheaitt providers.

In the industrialized part of the world, telemedicine is mand more regarded as a viable tool
for delivering health care services in rural and remotesar€ansidering the limitations of health
care delivery in developing countries, the possibility éivker medical services at a distance is an
attractive idea and the concept of utilizing telemediciméeveloping countries has been prop-
agated for a long tima[1¥6]. Few pilot studies have showht#tlamedicine may be applicable
for the support of health care providers in developing coest However, there are almost no
examples of telemedicine networks that have been susthayeahd a pilot project and that have
included more than just a few pilot sites. The only reportslished in the scientific literature
are from Malaysia[139] and Indla[5].

In the scope of this project we have developed an open-stel@®edicine platform that sim-
plifies distance collaboration between different healtfe gaoviders whether they are in devel-
oping countries or in Switzerland. Usage of the platform wesle available to many different
projects — some within our own country but also to projecti&aborating with various develop-
ing countries. This has allowed us to examine the feagilwfithis form of collaboration and its
implications for the involved partners in very differenv@onments.

Why Telemedicine in Developing Countries?

We may ask who needs telemedicine in developing countriemEdicine is a form of delivery
of medical services. Anyone needs access to medical sentmvever, the impact of “medicine
at a distance” is not the same for everyone.



In countries where health care facilities are rare and waetcess to medical services is restricted
by distance and poor transportation, telemedicine offessibilities to distribute medical ser-
vices more equally by utilizing ICTs. If travel costs for aipat to visit a medical specialist are
higher than the cost of providing a telemedical consultatiben telemedicine might even be an
economically affordable option.

Besides helping the patient, telemedicine offers possédslfor creating networks between the
geographically separated health care providers. A funictgpnetwork is the basis for an efficient
referral system and it is a good channel for disseminatifayimation and education to improve
local delivery of health care. Lack of communication betwéealth care providers within a
health care system has been identified as one of the prompnelnlems in many developing
countries[12, 13, 78].

Additionally, health care delivery is often depending omtaunitarian aid - generally in the form
of funds and donated equipment but also of volunteers. Tedéine enables another form of
humanitarian aid whereby specialists from industrialisedntries can offer part of their time
and knowledge to assist doctors and other health care grofeds in developing countries. For
the development of medical services the collaboration wkperienced professionals is often
inevitable.

Why a Validation?

The United Nations World Summit on the Information Socie®)2 listed e-Health as one of the
key applications in its plan of actian[175] and in 2005 therl@d1ealth Assembly debated on
an e-Health policy[173]. Despite this enthusiasm, it isassary to be careful when introducing
new technologies. How easily can we abstract from the berdfielemedicine and e-Health in
Europe to its application in Africa? Are these technologiebvering valid and accurate results
under circumstances that are quite different from whereaeblenologies have been developed?
There are big differences from a world where telemedicimeiglcome add-on to a world where
the implementation of technology may be at the expense ofigirgg access to safe drinking
water.

Besides the accuracy and safety of technology there ar¢gignesabout the organisation and the
sustainability of telemedicine in developing countrieslemedicine may enable a consultation
between a patient in a remote village in Papua New Guinea aspmkaialist in the UK. But
is this not undermining local health care system and thetiposof the regional specialists?
When discussing the introduction of telemedicine in depelg countries, its integration with
the regional health care systems is an important issue.

This thesis includes case studies applying the same telemetechnology in a different context
and allows us to draw some conclusion about the validity amghct of telemedicine under these
different settings.



Why Open-Source?

A major goal of this project was to create models for the aapion of telemedicine that can
be reproduced easily. It is necessary to understand thequisites and conditions under which
each model is applicable. However, the nicest model hasafitpited validity if it cannot be
reproduced easily. To facilitate and promote the repradoaif solutions emerging from this
project, it was decided to release all software componesislidped during the project as free
and open-source software. We hope that the free and uwtedtiavailability of the software
used in our projects will allow interested institutions teate similar solutions more easily.

For many projects in resource-constrained areas the logmr®sts for commercial products
impose a high initial barrier. If unaffordable technologydonated to developing countries at
discount rates, this bears the danger of increasing evea therdependency from donors. A
possible alternative is often seen in Free and Open-Sowftey&@e (FOSS), which is made
freely available by its developers — free as in “free speeatiier than in “free beer”. The most
important aspect of FOSS is the possibility to modify andpadlae software to regional needs.
Local software engineers have full access to the source abtlee open-source software and
can modify it according to their needs. In addition, therthes possibility of integrating it with
other health care technologies. As the market for healttmiglogies in developing countries is
often too small to be interesting for international comgeanit is very unlikely that specific local
requirements will be implemented in commercial products.

While creating a network for information and knowledge extatpe between medical specialists
is an explicit goal of this project, we hope that the unretéd availability of the software will
initiate a network of software developers and people isteckin health care and telemedicine
technology who will enable an exchange of technical infdrameand that a continuous technol-
ogy transfer will be another result of our activities.

Scope of this Work

This thesis is a combination of original research publarsiwhich were written during the
PhD project and of chapters that glue these research pagers iconcise framework. It is
diveded into four parts: 1) overview of telemedicine anctiisrent status, 2) development of a
multi-purpose telemedicine platform with a special focagpathology, 3) evaluation of several
implementations and 4) a consolidation and discussionefeklults with a focus on the health
system context.

Part | gives an introdcution to telemedicine placing it witthe general field of ICTs in medicine.
ChpatefB will highlight the most important definitions armheentions in the field and will give

a brief overview of the specific context of telemedicine isaerce-constrained areas. Chapter 4
will review the current literature focusing especially aagtical telemedicine that involve some
form of imaging and on its application in the context of dexahg countries.



Part 1l gives an overview of the iPath telemedicine platfpoam open-source software that was
developed during the PhD project. Although the developneérihis software is the central
part of this PhD project, this thesis is not about computexrnse but rather about the public
health aspects of telemedicine in the specific context @ine®-constrained areas. An overview
of architecture, design and functionality of the platforsngiven in chaptell5, while chaptier 6
focuses specifically on the implemetation of the real-tielerhicroscopy modul which serves
as an illustration of the techncial details of iPath. Theasnmg chapters provide a descriptive
overview of different applications of the iPath-serverta University of Basel — chaptel 7 is a
systematic overview while chapf@r 8 is focused on low resmsettings.

The results of several of the telemedicine projects estiaddl within the scope of this PhD are
presented in part Il in form of published research papewsororking papers that are intended
for subsequent publication in form of scientific articles.

In part IV these results are consolidated in a more general fo chaptefZI4. Based on these
experiences | will then discuss telemedicine in the cordélealth systems in chapfed15. Before
forumlating our conclusions | will insert a short chapteramrgoing projects which have been
initiated on the background of the work presented here.



2. Goals and Objectives

2.1. Overall Goals

Development of an open-source software platform which Bfiep the creation of telemedicine
networks and the validation of the usefulness and feasilfithis form of telemedicine and its
implications on health care delivery in the context of resetconstrained areas.

2.2. Objectives

1. Development of a multi-purpose open-source telemeeligiatform for medical consulta-
tions, collaboration, knowledge sharing and educatiopplieations.

2. Adaptation of the platform to needs and requirements efsis low resource settings.
3. Development of organisational framework for providiegiote diagnostic consultations.

4. Creation of a global network of medical specialists wilito share knowledge and expe-
rience with colleagues in developing countries.

5. Evaluation of the user acceptance, diagnostic accuratyducational value of this form
of telemedicine.

6. Study the feasibility of this platform for building regial telemedicine networks within
resource-constrained areas.

7. Determine potential impacts and benefits of telemedicna health care system.






3. Definitions and Context

Telemedicine — although referenced frequently — is not arlyjiedefined term. Basically it is
medical practice at a distance using Information and Comacation Technologies (IC3) to
overcome the distance between the partners involved. Hawegfore attempting to define the
term more rigorously it is useful to place telemedicine wttine general application of ICTs in
health care as there are many overlapping areas and passévbctions.

3.1. Information and Communication Technologies in
Medicine

Over the past two decades an immense proliferation of Irdtion and Communication Tech-
nologies, commonly abbreviated ICTs, could be observethi@onication networks from plain
old telephone lines to mobile phone networks and sateltiteraunication have reached almost
every corner on our planet. The Internet has become a glepaskitory of information and al-
most any type content from daily news papers over sharesatcte stock exchange market to
specialised scientific journals are all accessible ovelrternet. And finally, today’s desktop
computers are capable of handling complex multimedia casiech as images and also movies
with ease, allowing the production of digital content fosizally everyone who can afford a
computer. ICTs have penetrated almost all aspects of @s.liv

In the health care sector there are many different appticaf ICTs. The most common is prob-
ably the management of administrative data such as billioiggeneral record keeping — areas in
which probably most of us do not even remember the time bé@rs. Besides, the electronic
management of patient information is becoming more and nmopertant and many hospitals
are working towards digital storage of all patient asseclatata using electronic medical records
(EMR) or electronic health records (EHR). But also in medpractice itself there are many
new methods that directly depend on ICTs. In modern medncaging such as CT (Computer
Tomography) or MRI (Megnetic Ressonace Imaging) but alsstamdard radiology (e.g. plain
thorax x-ray) the conventional, film based equipment is naoe more replaced by digital radi-
ology (DR), film-less solutions, in which all image data aramnarily stored in electronic form
and only transferred to film for reading in locations not j\eguipped with digital X-ray viewing
stations.

Another field where ICTs have become unavoidable is in thg tieart of modern evidence
based medicine —today, access the evidence base has bdowseimpossible without the help



of ICTs. Scientific articles are searched through pubmezlptitline database of the National
Library of Medicine. Articles are then accessed throughttal libraries” in form of PDF
(Portable Document Format) documents. Medical evidentabdaes such as e.g. Cochrane are
commonly accessed over the web. Besides, there is an ovemmigeamount of data accessible
through the world wide web, ranging from electronic teaghards to on-line patient forums for
almost any kind of disease.

3.2. Telemedicine

3.2.1. Definitions

Telemedicine is not a concisely defined term. Some autha st urs the stringent sense of the

word derived form the syllable “tele” applying telemedieistrictly to the practise of medicine

“at a distance”, which often involves a consultation betwagpatient and a geographically sep-
arated doctor, using a video conference link. Many othervgelwver use the term telemedicine
in a much broader sense of "rapid access to shared and remadieainexpertise by means of

telecommunications and information technologies, no enathere the patient or relevant infor-

mation is located" (EU Commission on health care telemhptics

Besides the term “Telemedicine” many other similar termfeggquently encountered in the lit-
erature — e.g. “Health Telematics”, “Tele-health”, “T&are”, “On-line Health”, “e-Health”,
“Medical Informatics” or simply “ICTs for health”. The tersnfor describing the same phe-
nomenon are extensive and the terms are not used in anyglyedeined way.

The Norwegian Centre for Telemedicine (NST), WHO collalioracentre for Telemedicine, is
using the following definition: "Telemedicine is the invgsition, monitoring anemanagement

of patients and theducationof patients and staff using systems which allow ready act®ss
expert advice and patient information no matter where theemaor relevant information is

located".

Telemedicine encompasses a broad range of applicationsenies. Each component in-
volves different providers and consumers. To facilitaie timderstanding of telemedicine it is
useful to distinguish between the service to be deliveretthea delivery mechanisms. The fol-
lowing overview is derived and extended from the definitidriademedicine of the American

Telemedicine Association (ATA)[1].

Services

e Specialist Referral Servicestypically involves a specialist assisting a general ptiacter
in rendering a diagnosis. This may involve a patient "seemgpecialist over a live, re-
mote consultation or the transmission of diagnostic imagetor video along with patient
data to a specialist for viewing later. Routine applicagiah specialist referrals include
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all medical disciplines that are to some extend based oralvdata such as radiology,
pathology, dermatology, ophthalmology, cardiology, etc.

e Primary Patient Consultations between a patient and a primary care or specialty physi-
cian with the aim of rendering a diagnosis and treatment péamg transmission of audio,
video and medical data. Such a consultation might be in tive & telephonic consultation
or may include communicating to a physician over the Web.

e Remote Patient Monitoring uses (miniature) devices to remotely collect and send data
to a monitoring station for interpretation. Suchofme tele-health” applications might
include a specific vital sign, such as blood glucose or he@Gbr a variety of indicators
for home-bound patients. Such services can also be use@powisiting nurses.

e Medical Education provides continuing medical education credits for healtfgssionals
and special medical education seminars for targeted groupsnote locations.

e Patient support service include reminders to take medication, supervision, scheglu
of appointments and similar applications which are not ioihy medical but which are
important to improve the outcome of care.

e Consumer Health Information includes the use of ICTs for consumers to obtain spe-
cialized health information and on-line discussion grotgogrovide peer-to-peer support.
This is often regarded as part a-Health”

Delivery Mechanisms

e Networked Programs link tertiary care hospitals and clinics with outlying dbis and
community health centers in rural or suburban areas withiexasting or newly created
network of health providers. The links may use dedicateti4sigeed lines or the Internet
for telecommunication between sites.

e Point-to-point Connections using private networks are used by hospitals and clinids tha
deliver services directly or contract out specialty sexsito independent medical service
providers at ambulatory care sites. Radiology, mentathgahthology and even intensive
care services may be provided under contract using tel@mnedio delivery the services.

e Primary or specialty care to the home connections involve connecting primary care
providers, specialists and home health nurses with pati@rer single line phone-video
systems for interactive clinical consultations.

e Home to monitoring center links are used for cardiac, pulmonary or fetal monitoring,
home care and related services that provide care to patietite home. Often normal
phone lines are used to communicate directly between thenpaind the center although
some systems use the Internet.
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e Web-based systems are becoming increasingly popular for two mainiegipbns. 1) e-
Health patient service sites provide direct consumer aatrand services over the Internet.
2) Communities of specialists who share medical data ovenitb for second opinions
consultations and for continuous medical education.

e Messaging-based system are useful for sending out reminders or quick delieétabo-
ratory results to smaller health care facility. Messagiewy€es such as SMS or email do
often not have a guaranteed delivery and are thus not adeialeritical information, but
the are easy and cheap to deploy on a large scale.

Involved Partners

In extension to the original list on the ATA website it is uslefo also consider the partners
involved in the telemedical applications.

e Specialists who do second opinion consultations, sub-specialty coaisohs, consensus
diagnosis or joint research.

e General Health Professional and Specialist — referral to establish diagnosis and also
educational applications and decision support (e.g. turhoard meetings)

e Patient and Health Care Professional are involved in primary consultations, e.g. pre-
clinical consultation over telephone (medical call cesitie Switzerland for example ser-
vices such as Medgﬂ)eas well as for targeted information delivery to patientlsas
reminders to take medication.

e Patientsuse ICTs for exchanging information and knowledge e.g. wimaforums. This
is increasingly used by “self help” groups on issues abeutdi with a certain disease or
disability.

e Specialist to Computer Applicationsare used for remote quality assurance, decision sup-
port and joint research.

e Patient to Computer Applications such as health awareness web site are used to dissem-
inate information to patients and to provide preventiveinfation.

3.2.2. Technology

Telemedicine is not necessarily a new and complex techgoldte first telemedical consultation
probably dates back to the time when the telephone was iesleBtven today, consultations over
telephone are probably the most frequent form of tele-dteitsons between patient and health
providers.

IMedgate is a private medical call centre operating in B&sltzerland. http://www.medgate.ch
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However, with the advance of ICTs new forms of data transiondsave become available. One
technology that has certainly impacted telemedicine is@icbnferencing. The life transmission
of image and voice of two partners has often been regardedkesg mecessity for telemedicine
consultations. In reality, the importance of video confieing is depending on the specific
type of telemedicine. While video conferencing is idealddele-psychiatry consultation, video
conferencing technology have never been widely used e.Batinology. One often overlooked
limitation of video conferencing is that the consultationshnecessarily be held meal-time
with all partners sitting together at the same time. Withylahedules of modern medical work
the planning of appointments with all partners can be diffie@specially if some partners are
not located in the same timezone. Additionally, the life abeechnology makes the application
also prone to technical problems. Technical problems apan@ers side tend to block everyone
else.

An alternative to real-time consultations is so caksat e-and-forward telemedicine where the
partners work in an asynchronous way. The non-expert or gtédswill prepare his question and
the necessary material (store) and then transfer it to therefor review (forward). The expert
can review the material at a later time and write a report had¢ke non-expert. A consultation
sent by email is a very basic form of store-and-forward telditine.

With the medical knowledge constantly increasing and diafjo methodology as well as treat-
ment options multiplying, clinical decision making is getf more and more complex. Involve-
ment of appropriate sub-specialists and communicationdest different partners in the health
care systems are becoming more and more important. Emdikis 0ot appropriate to organ-
ise structured communication in a larger group. Thus, sised often web-based applications
are more readily being used for telemedicine. In contrasitail and especially to video con-
ferencing, web-base and database driven applicationdiirtige archiving of the telemedical
process.

Some specialties that have more complex needs on data iemi@mhave developed standards
how to transmit medical data in digital form. In radiologet®ICOM (Digital Imaging and
Communication in Medicine) standard defines how to storegaadiX-ray and how to transmit
it form one health provider to another (c.f. section4.3.1).

3.3. Specific Aspects for Resource-Constrained Areas

Modern ICTs and worldwide communication through the Iné¢nmoromise universal access to
information and the globalisation of the medico-socialwwk’s modes of communication be-
tween doctors, laboratories, patients, and other heatifegsionals. The term “globalisation”
however has to be used with care as it often ignores the yedlithe "digital divide", that is,
the fact that social inequalities may preclude the reabmadf this promise on a truly global
scale[121]. In many aspects globalisation can even be seariace creating various kinds of
devide, among them, economic devides as well as digitabdeviGlobalisation is often resul-
taing Furthermore, without local ownership and adaptatpplication of ICTs exhibits a strong
tendency to normalise cultures towards our western culture
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Conceptual work on telemedicine and the involved techrtisals are almost exclusively de-
veloped the industrialized nations. For the applicatiotetdmedicine in developing countries,
where resource are often extremely limited, it is thus impee consider the socio-economical
differences of these counties and their health care systempared with the industrialized part
of the world.

3.3.1. Potential Benefits

Many developing countries have an acute shortage of dogtarticularly medical specialists
such as dermatologists, radiologists or pathologists-Saltaran Africa has, on average, fewer
than 10 doctors per 100 000 people[50]. Moreover, the bigiion of health professional is often
very unequal and specialist services are mainly concewatiata few urban areas. Doctors and
nurses in rural health centres, who serve most of the papaldack access to adequate health
information, the lifeblood for the delivery of evidence bdshealth care services|3, 109]. They
are isolated from specialist support and up to date infdondty long distances and poor roads
and poorly established use of telecommunication.

Information and Communication Technologies (ICTs) do hiédeepotential to help over come
many of these limitations. Telemedicine may help rural theabrkers and their patients in dif-
ferent ways. For many common health problems it is possihblestablish a diagnosis and a
feasible treatment plan using telemedicine[22,/ 130]. -Celesultations can play an important
role in triage decisions, establishing the need for the jghyseferral of a patient. Transport to
the referral centre is often at the expense of the patientraarty patients in developing countries
cannot afford (unnecessary) travel to a next level hogh@&l. Telemedicine offers opportuni-
ties for continuous medical education in remote areas whiltlbenefit in improved local health
care delivery[53]. ICTs have a great potential of enablicgeas to relevant and up-to-date health
information[2] and e-Learning[53] and finally, ICTs mayalselp to improve the administrative
process in clinics and thus free human resources to be sppatients[129].

3.3.2. Limitations
Computers and Connectivity

In the whole sub-saharan region of the African continentettage probably less Internet users
than in New York City[121]. Itis estimated that the whole ik&n continent has about 24 million
Internet users which is equivalent to 2.6% of the popul§tiofl]. North America alone has 230
million Internet users (69% of the population). The avaligbof electricity and especially of
communication lines are very limited which in turn ressithe number of locations in which
telemedicine could be easily deployed. Besides, comparéuketper capita income computers
are very expensive and are generally not available to iddaliusers. On average there are 32
telephone lines, 60 cellular subscription an 17 Internetsiper 1'000 people[79].
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One effect of the low usage of computers and Internet tecgned are the relatively high prices
for connectivity. In South Africa the costs of Internet centvity is 10-100x higher than in
most European countries. Instead of making Internet sesviheap and available as a mass
product, service providers are often targeting the few thgahat can afford a computer and
connectivity — e.g. foreign companies, embassies, S@Mn Governmental Organisations) —
at prices beyond the reach of ordinary citizens.

Another problem is the lack of decent bandwidth. Most Iné¢iconnections are very slow and
chronically unreliable. For example, the Walter Sisuluvénsity in Mthatha, South Africa has
an Internet connectivity if 512 KB/s serving the whole theolehcampus. This is less than a
standard private ADSL (Asynchronous Digital Suscriberd)inonnection in Switzerland (600-
2000KB/s). And South Africa is certainly not the least depsld country in Africa. A further
limitation for the deployment of real-time telemedicingagations is that most affordable com-
munication links are of an assymetric nature: with manylk&eonnections and in particular
with ADSL the upload chanel is often too slow to allow high bjtyareal-time communication.

Not to be neglected is the fact that in telemedicine, the flévinformation is usually bidi-
rectional. A satellite connection that allows decent speegkceiving of information may be
extremely slow for transmission of data. Technology thit oa stable and fast connections are
very much bound to fail. By far the most feasible technolagynany places is simple email
using the SMTP (Simple Mail Transfer Protocol) which is veopust and tolerant to unreli-
able network connections as it was developed in the 1970meawhen (temporary) dial-up
connections were still commonly used to connect even langgitutions with each other.

Computer Literacy and Support

Although most telemedicine concepts discussed in thisglaee not targeting directly the indi-
vidual users but are rather allocated on an institutionadl|ehe lack of computer means that
most of the key personnel — doctors, nurses, health officare not very familiar with comput-
ers. More importantly, a lack of computer users also prevtrda development of (commercial)
support services. In many developing countries it is exélgrdifficult to find trained staff for
the installation and maintenance of computers and compgications and thus those using
computers must often rely on themselves to fix problems.

Information Readiness

The limitations are not only of technical nature. At a ratfdess than 10 doctors per 100 000
people[50], these few doctors have only very limited timaikable besides consulting patients.
Many doctors working for public hospitals are not able teldecently from the governmental
salaries and are running private chambers.

The use of scientific literature and evidence to improvetheadre is regarded as common prac-
tise in modern, evidence based medicine. It should howeveb@& overlooked that access to
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scientific literature alone is often not sufficient. Esplgitor those health professionals who
are not fluent in English the use of international scientiferature poses a high initial burden.
While students in most industrialized countries are tatighhtmportance and the use of literature
at University levels this is normally not the case in manyadeping countries. Most people are
not naturally “information ready”, but need some guidanue @toring to learn how to deal with
the vast amount of of information available today, how t@afislate” evidence and information
into daily practise and how to select between trustworthd/doubtful sources of information.
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4. Literature Overview

This chapter tries to give a brief overview of telemdicin¢hie current research literature. Start-
ing from a very short review of the evolution of telemedicthes overview will primarily focus
on the situation in developing countries taking Woottoniscke form 2001[168] as a starting
point.

Based on similar searches on medline an overview of diffefields of telemedicine without
limitation to developing countries is given; the results asummarised in table4.1. For the sake
of siplicity I will concentrate on practical application tdlemedicine in fields that are relevant
within the scope of this thesis.

4.1. Evolution of Telemedicine

While interest in telemedicine has increased in the last years due to recent advances of
ICTs, the concept is not new. The first reference of the stiiggarobably the famous “Radio
Doctor” cover image of the 1924 Radion News Magazine[54].e @hthe first telemedicine
applications reported in the scientific literature was piai the project for transmission of ra-
diologic images by telephone between West Chester anddelplaia, Pennsylvania, a distance
of 24 miles[55, 56]. In the 1970s the number of telemedicirggets started to grow and first
real-time applciations are mentioneg[43,1103]. The STARBAProject, for example, tried to
introduce telemedicine in a the rural Papago Indian Retervian Arizone[51]. Throughout the
1980s telemedicine speciality specific applications sthi emerge, for example telepathology,
which was first mentioned in 1986[151]. In the field of radmpfcsaw the development of the
first standard on digital medical imaging which culminatedhe release of the DICOM specifi-
cations in 1992|9]. The number of telemedicine applicaistarted to grow rapidly in the 1990s
due to availability of Internet and affordable computerd digital imaging solution and the lat-
est technical breakthrough of telemedicine was probalayitkt transatlantic robotic operation
which was performed in 2001 by a surgeon in New York on a paireStrasbourg[S3].

4.2. Telemedicine in Developing Countries

Five years ago, when our project was just starting with thg fiest collaboration with a develop-
ing country, Richard Wootton wrote in an article on “Telenoétk and Developing Countries”[168]
that “despite continued interest in the use of telemeditirtbe industrialized world, it cannot
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yet be considered to have entered in the mainstream of heml#fi. Has that changed in the
past five years since the publication of Wootton’s article® Aas the situation changed in the
developing world?

In Wootton’s article, a literature search on Medfirfer the term “(telemedicine OR telehealth
OR teleradiology) AND (developing world OR developing cayii’ yielded 39 articles. Today
the same query will find 129 articles or even 145 when the ploradeveloping countries is
added. From these 145 published articles 17 are labelleevesnr articles by Medline. From
numbers alone this looks like a significant increase in @gtin this field. If we look at the
more recent literature — 91 articles found in Medline thatehbeen published since 2001 —
we see that many of these publications are either commergsrety argumentative articles.
11 articles are reviews and 19 articles are commentariesrtides are descriptive reports of
existing projects and programmes, four are reports abdott griojects and three are technical
descriptions, two are about needs assessments, two amegde#h scientific publishing and one
with telehealth policies. 13 papers are evaluating a@s@nd outcome in telemedicine projects
in developing countries. Out of these 13 papers, four areiaiians of the Swinfen Telemedicine
programme, two are evaluating the Partners Health telesimedproject in Cambodia. A further
two publications are evaluating the accuracy of diagnostiay imaging, two articles evaluate
tele-dermatology projects in Mexico and Pakistan, one is\atuation of the accuracy of tele-
cytology, one is an evaluation of a project using VHF radioural areas of the amazon region
and one is a study on quality of telepathology diagnosis @ing two European telepathology
services with cases submitted from Iran.

There are, however, other publications that are not redddwy a query limiting to the term
“developing countries”. Table~4.1 illustrates that seargtfor telemedicine and a certain re-
gion such as Asia, Africa or India reveals some additionallipations. Further there are other
specialties besides teleradiology such as pathology edé¢etnatology. But even considering
those gives only a weak scientific evidence on the validity efficiency of the application of
telemedicine in developing countries. Some further evadona of the medical outcome and the
validity of telemedical diagnosis are presented in parmbfthis thesis and will also be published
as scientific articles.

It is also important to bear in mind that there are many mdegriedicine activities in developing

countries. The report of the ITU study group on telemediamneeveloping countries[70, 177]

delivers over 150 pages with descriptions of telemedicirgy@mmmes from 22 countries. A
look at the programmes of large international conferenaeb as Med-e-tel in Luxembourg or
Medinfo (this year in Toronto) clearly demonstrates thatérare a lot of activities, which are not
published in scientific journals. Finally, a query on Goagieut “telemedicine AND developing

countries” retrieves approximately 230’000 Internet ge

http://www.pubmed.gov/
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4.2.1. Impact of Telemedicine in Developing Countries

A fundamental issue with telemedicine in developing caestis to study the impact of telemedicine
on the health care system and on society in general. In a tette British Medical Journal,
Rigby |127] asked: “Will strengthening secondary care flevadisadvantage basic primary care
or environmental health for the many? Will investment intbguired rural telecommunications
be at the expense of providing drinkable water? Will devielggountries too be seduced by the
expensive impact of technology led tertiary care for the, f@hile ignoring the endemic impact
of modified health related behaviour?”

These aspects are very fundamental in any kind of intemnnalticollaboration, especially in the
field of ICTs. Most ICTs-based projects will in fact deliverffearmation and knowledge, not
safe drinking water itself. But the information and knowdeddelivered may turn into a driving
force for people to establish safe drinking water as the kedge about communicable disease
will teach them why safe drinking water is so important. Véhelemedicine may indeed bring
direct benefits only for the few in secondary care, it also has thematl to strengthen the
local health provider in improving the services offered #émals benefit the general public in a
more indirect way[2, 130, 179, 181]. It is thus important twdy the impact of telemedicine on
health care systems and societies in developing countifesshould not forget that knowledge
and experiences on how telemedicine, e-health and ICTsnergemay change health care and
access to medical information and continuous medical dgsturcan the industrialized world is
not necessarily reflecting the situation in countries withtled resources[121].

In the scientific literature, reports on the impacts of theliagtion of telemedicine in developing
countries are almost entirely absent. Brandling-Bennetl.{15] report on a project in rural
Cambodia. During the first 28 months 264 consultations weeenéned. The major impact
reported is a reduction of the “mean duration of chief conmplat initial visit” from 37 months
before the introduction of telemedicine to 8 months at the ehthe study. Additionally, the
percentage of patients referred for care outside of thagelicould be reduced from almost 80%
to under 20%.

One impact that is cited by different authors are the cosnhgavfor the patient due to reduced
travelling|%,.147]. Another impact is the possibility toaugelemedicine to transfer knowledge
that may finally result in more cost effective treatment dfigrats and thus help to save scarce
resources[22, 75, 182].

Interestingly, the majority of publications on telemediiin developing countries are in fact
focusing on the application of telemedicine for collabmmatetween doctors and nurses in low
resource settings and their partners in industrialisebnsit A notable exception is the work
of Geissbuhler et al.[%3] who evaluated the feasibilitytegmtial and risks of an Internet-based
telemedicine network in developing countries of Westerno&f In an evaluation of the pilot
project between Mali and Geneva they come to they stressipertance of fostering of South-
South collaboration channels and the valorization of l&oalwledge and its publication on-line.
A second phase of their project is now focusing on creatiodeafentralised networks within
I’Afrique Francophone.
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4.3. Medical Specialties

Telemedicine is not a defined technology of its own, but thisation of ICTs to separate a
medical process over geographically distant partners pittdems involved with this separation
are different from one medical specialty to another. To usia@d these implications, not only
for developing countries, it is most useful to look at the grah literature on telemedicine. A
literature search on Medlileeveals 7845 entries for the keyword “telemedicine” — udimg
MESH term “telemedicine” retrieves 7435; roughly the same @m.0806 of these citations are
review articles and 457 also include the key word “clinicalt. In order to refine this amount
of literature, | have made a number of queries for differeatioal disciplines such as radiology,
pathology or dermatology using e.g. the keyword “teleplattpp AND tele-pathology”. The
results of this search are summarised in t&blk 4.1.

While Medline provides very useful Medical Subject HeadifideSH) for many fields of medicine,
in the field of telemedicine only the terms “telemedicing&léradiology” and “telepathology”
are defined in the MeSH database. Thus, most of the followifidperbased on plain keyword
gueries. One way of using the MeSH terms is combining the M&8#i for the medical spe-
ciality and the keyword telemedicine. Telepathology ttares to the search term “telemedicine
AND pathology[MeSH]". Tabl€4l1 lists the results of theseeges. Rows 1-5 reflect the results
from the keyword search while the results using MeSH aredigt last column. For most cat-
egories there is no substantial difference although usie§Mterms is generally a bit more re-
strictive than keyword search. The only notable excepsdele-psychiatry where the the search
on “telemedicine AND psychiatry[MeSH]" retrieves over t&ias many articles as a keyword
search on “telepsychiatry OR tele psychiatry”. This maydate that the term telepsychiatry has
not yet been established as a naming for the applicatiorerhegicine in psychiatry.

In the following, | will focus on those specialties that arasbd on some form of imaging —
radiology, pathology and dermatology — as these are thesfialavhich | could gather some
experience with the telemedicine platform developed is pnoject.

4.3.1. Radiology

The most prominent telemedical application is certainligrediology with over 1100 references
in the scientific literature indexed on Medline (838 using ke SH term “teleradiology”). This is
not so surprising because in radiology, the basis of thendistir process is an artificially created
image itself. Modern X-ray generate this image in digitahicand with DICOM[9, 10, 46, 86,
110] there is an agreed standard format for these digitabgaalphs. Since such images are
captured digitally, it is a logical step forward to also samt them over a network and DICOM
— standing for “Digital Imaging and Communication in Mediel — includes a component for
standardised transmission of images. In many modern labsfis technology is in fact used to
transmit the image from the actual X-ray machine to the scie¢he radiologist’s office. The
transmission over a longer distance is only a logical consece.

25 April 2006

20



Table 4.1.: Literature search on Medline from 5.4.2006. The column "lmechits" indicates how
many entries are found in Medline using the keyword searebngas "search term". The Column
"[MeSH]" gives the number of entries when searching Medfimea combination of telemedicine
and the speciality as MeSH term ("telemedicine AND spedisleSH]").

topic search term mediine hits reviews % clinical trial %  [MeSH]

speciality telemedicine 7845 806 10.3% 457 58% 7523
telepathology OR tele pathology 619 87 141% 33 53% 470
telecytology OR tele cytology 134 10 75% 11 82% 5
telehematology OR tele hematology 4 1 250% 0 0.0% 10
teledematology OR tele demmatology 177 21 11.9% 32 18.1% 172
teleradiology OR tele radiology 1104 119 10.8% 32 29% 400
teleophthalmology OR tele ophthalmology 65 5 77% 3 46% 93
telesurgery OR tele surgery 293 50 171% 22 75% 550
telemonitoring OR tele monitoring 284 24 85% 36 12.7% 203
telecardiology OR tele cardiology 87 12 138% 6 6.9% 78
telepsychiatry OR tele psychiatry 157 22 14.0% 9 57% 356
telehealth 555 60 10.8% 23 41%
telemedicine AND trauma 280 22 79% 23 82% 238
telemedicine AND emergency 623 56 9.0% 43 6.9% 533
Telenursing OR tele nursing 84 1 13.1% 5 6.0% 272
telemedicine AND (HIV OR AIDS) 79 5 6.3% 6 76% 33
teleteaching OR tele-teaching OR e-leaming 178 16 9.0% 3 1.7%

learing
telemedicine AND continuous medical 9
education

sum 4732
regions telemedicine AND developing countries 114 16 1

(telemedicine OR telehealth OR teleradiology)

AND (developing world OR developing country 145 17 3
telemedicine AND africa 56 6

telemedicine AND asia 313 26

telemedicine AND india 48 6

telemedicine AND china 41 3

telemedicine AND russia 52 2

telemedicine AND cambodia 4

telemedicine AND solomon islands 13

telemedicine AND ukraine 5

south africa 25 2
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A second important consequence of the fact that the imagk issthe basis for the diagnosis
consists inof a very straightforward process of telemaéian radiology. A transmission of the
image in sufficient quality and time alone is enough for a-tBégnosis and there is often no need
to transmit additional data or perform additional exanora immediately. Thus, teleradiology
lends itself to a separation of the patient and the spetadiall the specialist needs to see is the
image of the patient. It is not surprising that teleradigiagthe only application in telemedicine
that is used on a larger scale. For example, the Arizona Eelenime Programme has reported
over 85’000 teleradiology events (88% of all telemedicinergs) since its inceptian[89]. There
are even companies in India offering overnight radiologdiag for US hospitals, making use
of the difference in time zones[118].

While digital X-ray equipment is increasingly used in intfiedized countries, the vast majority
of X-ray machines in the developing world is conventionahfitased equipment. Teleradiology
based on film based images is also possible and involves sithaning of the film or digitiza-
tion with a digital photo camera. While scanners are reddyiexpensive especially for smaller
hospitals in developing countries, capturing images witligéal camera is a very cost effective
option. There are a few studies which evaluated the seitgibild specificity of tele-diagnosis
on digital snapshots of standard radiology imaging (chestomen, and bones)|26, 143]. This
form of teleradiology is also frequently used by many prtgem the iPath server at the Univer-
sity of Basel. Many of the consultations within the Ukramfwiss Perinatal Health Programme
include digital photographs of X-ray and ultra sound imagéso some of the pathology consul-
tations are accompanied by digital photos of radiograplgs ®ne tumour working group).

4.3.2. Pathology

After teleradiology, telepathology is probably the mostjnently cited application of telemedicine
(619 citations) and is the only other application that itelisin the MeSH index (427 entries in
Medline). While in absolute terms the figures are comparablke frequency of citations for
telepathology is much lower if we compare the total amoutitefature on pathology compared
to the amount on telepathology. While in radiology, arcte tele-radiology make up 3.3%
(1104 articles) of all publications on radiology (33'43Qieles), this ratio is almost ten times
lower in pathology. Out of the 145’620 articles on patholagyly 619 or 0.4% are dealing with
telepathology.

The transmission of a medical problem in pathology is muclhencomplex than in radiology.
The diagnostic basis in histology is a thinly cut piece o$uis ¢~ 2 — 10um) which is stained
embedded on a glass slide and then viewed under the micata@pmagnification of up to 400
times. The amount of information contained in such a slideuige and cannot be easily trans-
mitted in digital form from one place to another. There arsitelly three ways of performing a
remote diagnosis on a pathology slide.
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4.3.2.1. Telepathology Systems
Static-Image Telepathology

In static image telepathology, a small set of 5-20 charestieimages are captured by the non-
expert and then transmitted in electronic form such as esnawWer a web server and are reviewed
by a distant specialist. This method is easy to implemenhhstits severe shortcomings. The
specialist must rely on the proper selection of images bynthreexpert. If additional images
are required, this has to be communicated back to the noerexpd this process will take time.
Static-image telepathology is, however, still the mosyfirently used method and under certain
circumstances will deliver quite good resuits|[39,1123), 158, 173].

Dynamic Robotic Telepathology

Dynamic robotic telepathology or real-time tele-micrgsgavas introduced in the late 1980s in
Arizona by Weinstein et. al[151, 155, 1%6, 152] and soon tbesrly applications in Norway[45,
112] and also in Switzerland[114, 115]. Dynamic robotiepathology systems consist of a
motorized microscope which can be operated from a distarnitstation. The image from the
microscope is captured with a video camera and is transiitt@ear) real-time. The specialist
can view the video image on his workstation and can remot&@dahe microscopy, especially
the location of the slide and the magnification. While dymanobotic telepathology is giving
full control of the microscope to the pathologist, it reggisophisticated and delicate technology
and is relatively expensive.

All the early systems were using dedicated communicatioeslifor the transmission of data:
ISDN, ATM or satellite connections. In addition, there isstandard communication protocol
and systems from different vendors were not compatibles&lsevere limitations prevented the
large-scale application of telepathology in routine sesi outside of a few research projects for
a long time[32].

As an alternative to point-to-point tele-microscopy, sys$ using Internet based connectivity
were developed by several groups[ilg, 62, 122, 144, 165].uskef basic Internet technology
(HTML/Javascript, Java or Macromedia Flash) basicallypsuan ordinary web browser into
the tele-microscopy remote control. This eliminates theessity to install a special software
and dedicated communications lines in order to remote abtite microscope. Additionally,
there is the potential of sharing a remote microscope amaagyrdistant users. Some newer
telemicroscopy solutions are now using this approach aslatd way of remote control (e.g.
Nikon CoolScope microsco@s A major limitation with tele-microscope remains the féuat
the original slide must be placed under a real microscoparédie distant specialist can review
the slide.

The tele-microscopy solution developed at University o§@awithin the frame of this projects
is discussed in detail in a separate chapter below.

Shttp://www.coolscope.com/
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Virtual Slides

“Virtual slides”[34,36/ 57, 58, 157] are the most significegcent development in telepathology.
This technology comprises the digitization of a whole sligdlech can then be stored and trans-
mitted in digital form. This is achieved by scanning the wehslide at high magnification and
then combining all images into a large mosaic. In order tomr@all information in a microscopic
slide, it is often necessary to capture images at differ@uis levels.

The main limitation of virtual slides is the large storag@aeities necessary and associated
with this the problems of transmitting such large amountatbdver a network. The digitized
representation of a slide typically requires between @B 5f storage. However, with the ever
increasing storage capacities of modern computer tecgims@nd improved scanning methods
that allow scanning of a slide in a few minutes, virtual stithave become manageable|157].

For teaching purposes “virtual slides” are quickly becagnihe standard way of distributing
microscopic slides for students/%7, 66} 85,1154]. Many arsities are no longer replacing their
sets of teaching microscopes but have started to digitizie tiollection of teaching slides and
making them available to the students over the Internet.idgrabstic pathology, there are no
reports yet about the application of virtual slides. Howeités anticipated that this will change
over the coming yeals[57].

4.3.2.2. Cytology and Hematology

Most reports on telepathology are certainly from the fielchistopathology. Cytopathology
and also hematology and hematopathology are other fieldsthgd potentially benefit from
telemedicine. The few available results on the applicatibtele-cytology[24, 83| 125, 18]
and tele-hematology[90] show very promising results. Du¢he simple laboratory technol-
ogy involved, tele-cytology may be a very interesting aggdion for developing countries. On
Solomon Islands e.g. there is a high prevalence for cereaainomeal94, 104, 120]. An early
diagnosis and thus regular screening of patients is redjfmrea successful treatment|76]. Tele-
cytology could help to develop skills for screening cytatag slides and it would be particularely
useful for quality assurance.

4.3.2.3. Telepathology in Developing Countries

For developing countries there are very few reports abéepaghology. A search on Medline re-
veals only descriptive articles about the application t#gathology in developing countries|18,
38,1101, 135, 149]. In addition, there is a review about tleplogy in Indial[5] and one ar-
ticle describing a study design simulating the diagnosigp®rt from remote access to health
workers in developing countries|27]; an article from Efabgives a clinical case report of a
telepathology consultation[132].

Telepathology in developing countries will be a major tahimoughout this thesis and there will
be several chapters on this issue below.
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4.3.3. Dermatology

Dermatology is a medical discipline which is not based on ecsp imaging technology like
radiology or pathology. However, the diagnostic procesgery much based on the visual ap-
pearance of the skin and thus the process of tele-dermataaglatively straightforward. The
literature indexed on Medline contains 177 articles ondeteatology: 21 reviews and 32 clin-
ical trials. Articles on clinical trials make up 18% of allt@tes and thus teledermatology is
certainly the most vigorously evaluated discipline of neéglicine.

Unlike telepathology, teledermatology is normally praet in direct collaboration with a patient.
Often, teledermatology is used to allow a general praciidGP) to consult with a dermatolo-
gist before physically referring a patient[4, 22| 68, 81pnSequently, many of the clinical trials

are looking at the patient satisfaction and acceptancdeafeéematology by GP[30, 31,:37]. Clin-

ical accuracy of teledermatology diagnosis versus fadeasde visit were reported between 48%
and 90%1[4| 91]. Reports on satisfaction with patients and &® not very conclusive. While

some studies suggest high satisfaction[31, 161], a studotiins et al. reports satisfaction only
for 21% of 42 surveyed GPs [30].

With the availability of relatively cheap but high qualitigital photo cameras, tele-dermatology
seems to be pre-destined for application in low resourdengst Especially with the HIV epi-
demic, complex dermatoses are increasingly prominent myroauntries. However, there is not
much literature about the application of teledermatologgc#ically in developing countries.
There are reports on diagnostic accuracy of teledermatatogakistan[126] and Turkey[119]
and some reports on acceptance and impact of teledermafolo@Ps in Africal22| 28, 131]. A
very noteworthy application of telemedicine is presentge@humes et al.[28], where telederma-
tology was used in Burkina Faso to diagnose dermatosesviellees (80% westerners). Besides
the immediate benefit for the patients, the authors repattébedermatology has an educational
value for local GPs.

4.3.4. Other Disciplines

Besides the areas covered in this thesis, there is a mdtitbiother applications of telemedicine.
Very frequently cited in the scientific literature is the pgtion of telemedicine iremergency
care — “telemedicine AND emergency” retrieves 623 citationseinergency situations the rel-
atively quick availability of relevant knowledge how todtehe patient is of crucial importance.
As time and locations of emergency cannot be predetermieésmedicine is often seen as a
means to bridge the gap between patient or mobile emergenaystand the specialists located
at the hospitald [77, 146, 166]. The majority of articles eletedicine in emergency care are
certainly about stroke patients and are technically ofedated to the transmission of ECG data
(telecardiology). Besides, telemedicine is considered for assistancerandastance transport
such as flights[48] or ferries[74] and a very popular toperss to be the delivery of telemedicine
on space flights (79 citations).
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Other applications cited in the literature aebesurgery (293 citations) andele-monitoring
(284 citations) of home care patients. A very valuable aapibn of telemedicine for planning
surgical interventions in developing countries was regoblde Lee et al[84]. With the advancing
miniaturization of electronic sensors and communicatieviaces (mobile phones), home moni-
toring of chronically ill patients is quickly becoming a fi&ya Telepsychiatry is also relatively
frequently cited (157 citations). Monnier et. al [102] g&eyood overview of the current state
of telemedicine in psychiatry. Most publications identifiwere either clinical demonstrations,
program descriptions and patient satisfaction studiegy Tonclude that “... Despite the rapid
increase in information on telepsychiatry, methodoloycsound studies in the area of telepsy-
chiatry are still infrequent.”.

4.3.5. Telehealth or e-Health

Besides these telemedicine applications in the narroweseidelivering diagnosis or treatment
advice for an individual patient, there is a much broaded fadlapplications of ICTs in health
generally summarised under the term of e-health or telédheldeports on e-health applications
that are of particular interest for developing countriedude examples such as “Compliance
Service uses SMS technology for TB treatment in Cape Towiom&@3] or the delivery of labo-
ratory results forimmediate adaptation of medication e B and ARV in rural Transkei[98].
Another very interesting example from the Cape Town regsazeil-life, a platform for commu-
nication, information and logistical support required tamage HIV/Aids. It is a solution that
uses a combination of cellular technology and the Inteimetdsely monitor adherence of HIV
positive patients to antiretroviral (ARV) medication angbport community health workers that
are visiting AIDS patient in townships[29].
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Part Il.

The iPath Telemedicine System
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Since the mid 1990s, the Department of Pathology at the Wsityeof Basel has been re-

searching in the field of telepathology. Early applicatiomduded remote frozen section di-
agnosis with the regional hospital in Samedan[114, 115].18[Ke many other telepathology

systems[112, 133, 1511, 156], this application was focused point-to-point interaction using

specific hardware and software to allow remote collabonatiith fast development of the In-

ternet, a common and relatively inexpensive network hasrbecavailable almost anywhere in
the world. Additionally, modern web browsers have devethjoea standard way of accessing in-
formation over the Internet, and they provide enough fumetlity to allow complex applications

such as e.g. the remote control of a microsdope[1€, 62, 122].

In 2000 it was decided to replace the telemicroscopy systaheaDepartment of Pathology in
Basel (a point-to-point solution) by an open, web basedtswiuhat allows collaboration be-
tween any interested pathologists without the need to ae@und install any specific hardware
or software. Though some commercial solutions had beenaél@i none met these require-
ments. The new system was designed as a web based platfoha badis of the PHP program-
ming language and was released to the general public in 20f@tm of the open source iPath
telemedicine platform.

The scope of application of the iPath software changed fsignity, when we were approached
in 2001 to provide pathology support for a hospital in Solonslands. In contranst to the orig-
inal project, targetting to pathologists in Europe wherterinet connectivity was not an issue,
we were now suddenly confronted with the problems of ressaonstrained areas, where in-
frastructure is minimal and internet connectivity slow arfigen unreliable. While some projects
tried to address this problem by developing solutions thejet specifically at low resource
settings[49| 140] we decided to integrate the collabonatiith partners in developing coun-
tries into the same framework that we had started to developur own purpose. Allthough
this approach was technically more challenging, the decigias based on the assumption that
the most limiting factor will not be technology itself buitlavailability of volunteering medical
specialists. Our intention was to lower the threshold foruging new specialists by developing
a comprehensive and functional platform that lends itsek aiseful tool also for collaboration
within groups of specialists.

The following chapters will give an overview of design of iRand on possible applications.

Chaptefb summarises the functionality and architectutieeoPath telemedicine platform, chap-
ter[@ analyses the technical details of the telemicroscampyute, chapterl 7 will describe the ma-

jor applications of the server in Basel and chapter 8 ilatss some examples from developing
countries in more detail.

This part is focusing on the methodological aspects of tfisvace infrastructure developed and
refined throughout my PhD thesis. The specific methods of dherete telemedicine applica-
tions such as laboratory equipment and image capturingeewre provided separately by each
chapter in part Ill.
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5. Description of the iPath
Telemedicine Platform

5.1. Technical Background of the iPath-Server

During the scope of the project a web-based telemedicintoptawas developed. The platform

was named iPath — Internet Pathology Suite — in the initialsehwhen the applications where
exclusively from the field of pathology. In the first versi@Rath was basically a set of web dy-
namic web pages written in the PHP Iangtﬂagmt had grown out of some preliminary projects
at the Department of Pathology. This original version wasrided as a proof of concept. Due to
its user-friendliness and its ability to accommodate thedseof doctors in developing countries
as well as the needs of specialists in western Europe it fgood acceptance.

Unfortunately, the original version was not developeddwihg a clear development model and
it did not have a good separation of data and visualisatigerlaFurthermore, with the steady
increase of users and applications utilising iPath, thgimai version had become very slow.
In early 2005 it was decided to develop a completely new warsif iPath. This version 2 of
iPath includes now an API (Application Programming Integawhich provides a set of classes
and functions to access all data stored in the database.dlhcex] there is now a well-defined
concept for splitting the code into independent moduless Gteatly facilitates the development
of additional modules without changing any of the core code.

A modular and extensible concept is important to allow otirganisations to extend and adapt
iPath to their own needs. iPath is released under the GeRalfdic License (GPL) as Free
and Open Source Software (FOSS or OSS) and is thus avaitabl&érs for usage as well as
for modification under the condition that all modificationsdamprovements are again made
available under GPL. Hence, if iPath lends itself to modifaaand adaptation by others, there
is an increased chance that iPath will continue to be deeelop a larger scale and by a broader
team of developers even after the termination of this veoyegt.

5.1.1. Basic Functionality of iPath

iPath was designed to facilitate consultations and cotkiimn between different specialists and
health care providers. Essentially, iPath offers a collation environment for groups of people

http:/www.php.net
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working together. The basic model for collaboration in P&t that of a virtual community —
a closed user group in which participants can present amdsismedical cases and problems.
Every community or group has one or more members that act denaior who can grant other
users access to the group.

Within a group users can create and present content suchaseanith a clinical description
and attach documents such as images, video clips or forntafiiuring alpha-numerical data.
Once a case is presented inside a group, other group menameasid their comment to the case.
Comments are essentially text messages that are attachezh$e. In a typical consultation the
diagnosis of the experts are inserted as comments. In sbtdrather data types, comments can-
not be altered by users. Once saved a comment cannot be ch&hgly system administrators
have the possibility to delete a specific comment. This isartgmt to ensure a certain careful-
ness from the side of the experts and to make the process ofdiaddiagnosis transparent. In
contrast to email based consultations or video confereniah records the whole diagnostic
process and makes it transparently available to all grouplvees.

5.1.2. Application Layers

The new iPath-2 is built in a modular way to ensure that it casilg be extended and adapted
to new situations. At the core of iPath is a relational dasabstoring all alpha-numerical in-
formation. iPath uses a database abstraction layer (E)itmjbnsure compatibility with differ-
ent databases. At present the open source RDBMS MESI@U PostgreSCB_are supported
(c.f. figl1).

Most data stored in the database can be accessed using enaslgeted API. This API consists
of a set of classes which represent users, groups, casegsnannotations, etc. All classes are
derived from a base class (ipath_Object) and the API is skinin a modular way so that new
classes for new data objects can be dynamically added witheunecessity to change anything
in the core code base. Besides access to data, the API alsdéscabstraction for general
functionality such as registering events (e.g. new caseived) with specific alerting methods
(e.g. sending an email). A partial documentation of the ARdvailable on the iPath webgite

5.1.3. The Data Model

iPath is storing four basic types of data objects: usersjggodata objects (cases, images, etc.)
and annotations. Technically the iPath API offers a basssdigath_Object) from which all data
classes are derived. This base class takes care of stohgettieving data from the database
and is handling access control.

2http://adodb.sourceforge.net
Shttp://www.mysgl.com
“http://www.postgresgl.org/
Shittp:/fipath.ch/
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client

server

Figure 5.1.: lllustration of the application layers of iPath. At the casea relational database.
User access to the database is provided through differgticaton interfaces (web, email, telemi-
croscopy). All these interfaces use the iPath API, whichvigkes a set of classes to access data
stored in the database.
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For the “data objects”, only inormation about the relati@meen objects are stored as fields in
the relational database. The medical content is encoded/Mds(EXtensible Markup Language)
and is stored in the database as a text field. This guaranteegienum flexibility for creating
new data types for representing medical data and findingsowitthe necessity to change the
underlying database scheme. The visualisation of medeta dn the web interface is done
through XSL (eXtensible Stylesheet Language) by applymg &L stylesheet on the data XML.
Thus, new data objects can be created basically by writirgnaXSL stylesheet.

Additionally, it is possible to collate several XML objectgo a larger XML file. This makes it
easy to recursively concatenate all objects representimgcical case (case data, images, folders
with images) into one XML file that can be exported. Similatlis possible to concatenate all
cases within a group with all their data into a large XML fileialhcan then be further processed
for statistics and analyses using standard XML tools.

All data is stored in UTF-8 character encoding to ensure idi@tat in non-European languages.

Custom Forms

A peculiar data object is the “custom forms” module. This mledwvas developed to provide
a very easy way of creating forms for capturing and storirmtie@ry alpha-numerical data in
iPath. A plain HTML form is used as template for the graphiegdresentation of data. The
custom forms module of iPath can automatically transforchsan HTML form into an XSL
stylesheet. iPath can then use this stylesheet to displayradn the web interface. Data entered
by the user is stored as XML in the database. In addition, ¢inea fmodule allows to export
data from all forms of a certain type for a whole group in forfradext or HTML table that
can be opened with a standard statistical software packagsmreadsheet (e.g. MS Excel) for
statistical analysis.

5.1.4. Visualisation
Web Interface

On top of the API there are a number of interfaces to accesdataestored in iPath (fig.5.1).
The most prominent and frequently used is the web interfaaeallows access to the data over
the web. The web interface offers the most complete set aftimmality and is the only way
to access the administrative functions. For transformieglical data stored in the data objects
into HTML, iPath uses XSL stylesheets which transform thelXdédded data into HTML — a
procedure termed XSL transformations (XSLT). Other parte® user interface, mainly admin-
istrative pages and settings, are directly rendered as HTIWM& advantage of using XSLT is that
the stylesheets (XSL) and data representations (XML) angpéetely independent of program-
ming language and allow utilisation and manipulation ofaday external processes written in
other programming languages (e.g. Java).
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Multi-Lingual User Interface

The user interface is available in multiple languages. A abe@fbr on-line translation of the user
interface is included in iPath. The translated strings toeed in an XML file which is included
by the XSLT process when data objects are rendered. Additipthe XML files with the trans-
lated strings can easily be copied from one server to andtigs translations can be prepared
on a test instance and then copied to a productive environwieen they are finished. At the
moment translations exist for English, German, Spanisénétfr, Italian, Ukrainian, Lithuanian,
Russian, Georgian and Rumantsch. Of course, users cancentent like case descriptions or
comments in any language which is supported by the UTF-&latan

Email Interface

Besides the web interface, iPath offers an email interfacielwmakes a limited subset of the
functionality available over ordinary email. A registengser can submit consultations via email
and iPath will import it into the database so that the comasidt can access it over the web. The
email interface also offers users the possibility to subscto email notifications on specific
events. Alerts can be defined specifically for each group athiFOptionally, the emailed alerts
include a full text report with case description and commaeagitother group members. These
reports also contain specially coded “mailto:” links whadm be used to trigger a replying email
through which the user can 1) retrieve the images for tha oa®) add a comment to the case
or 3) if permitted, even add another image to that case by @aiail. These emails contain a
control hash that identifies the action to be triggered by ¢éimail and iPath will securely import
data from such emails and add it automatically to the appatgobject in the database.

In contrast to other telemedicine systems developed edpefor developing countries that use
email for data transmissian[49, 169], iPath is a full fledgeb application that can handle large
amounts of users, organised in many different virtual comitres, and large amount of data
(1007000 or more images). It is not routing emails to the naggiropriate specialist, but imports
all cases and comments submitted by email into the sameatstdbat can also be accessed
over the web interface. Users that have access to email anlgtil actively participate in the
same virtual communities that other users access over theWiile a physician from a remote
hospital may chose email to submit cases and receive corsptéet consultants in the same
group can access the full functionality available — for egamduty plan, drawing applet for
annotations in images, web-meetings for the on-line dsonsof cases, etc.

An optional module for importing email from the TeleMedMa#] application is available.
XMLRPC
While the web and email interfaces are intended for humaeration with the database, iPath

also offers an interface for interaction with other compuaigplications. This interface is based
on XMLRPC - remote procedure calls (RPC) encoded in XML. Titisrface offers an API for
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other modules on iPath to publish certain functions as rerpoicedure calls accessible to ap-
plications running on a distant computer and which can b#ewin any programming language
that support XMLRPC (e.g. JAVA or python). The XMLRPC int&et is used e.g. by the telemi-
croscopy module and also by some specific application to ihgada into iPath. For example,
there is an external application (ImageDrop) which allowparting large amounts of images by
drag and drop (current web browser unfortunately do not affag and drop functionality).

5.1.5. Modular Design

To encourage further development and adaptation of iPatither needs, the new version is
designed in a very modular way. Almost all functionality rcapsulated into concise modules.
The most prominent modules are the content modules thaaicotite data objects like for ex-
ample case, image, file, folder, video clip, drawing, etcother type of modules are the work
flow modules which allow users to simplify a certain task keail alerts or the virtual institute
module with its duty plan.

There is a basic set of modules which are essential for thetiuming of iPath. These modules
are included with the basic distribution of iPath. Other med that do not include any essential
functionality can be optionally enabled through the adstnaitive interface. In addition to the

modules bundled with the base distribution, there is a grgwiumber of additional modules

which can be added to an iPath installation on an individaald

Enabling Modules Group-specifically

One of the most important design considerations for iPathtaé&eep its user interface as simple
as possible. While it is nice to have a lot of optional functibty, medical specialists are often
rather deterred by too many buttons and options. In orderdwigle unrestricted extensibility
for some users whilst keeping the user interface simpletfoers, it is possible to enable certain
modules only specifically for certain groups.

5.1.6. Security

All users must first register a user account on the server loygfibut a on-line form. When the
registration form is saved, iPath will create a user accbuhtnark it as inactive. An activation
email is sent to the email address specified by the user. ad eontains a special link through
which the user must then activate the newly created accoutddging in with the password
chosen on registration. This procedure ensures that rafst is only possible with a correct
email address and that the user can receive email on thisssldr

There are three types of users on iPaBlystem administrato@re users that are members of a
special admin group. They can access a special system atiraiinn interface for configuring
and monitoring the system and they can edit almost all dai@eE comments which can be
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deleted, but not modified. Besides system administrateretaremoderatorsvho have some
administrative permission for the groups that they mo@eramost importantly they can grant
and revoke access to the group to other users and the caa deletnted content from the group.
One user can be moderator of multiple groups and one grougpha@as multiple moderators.
Normal users finally have access to the groups to which theg wented access by a group
moderator and they can only edit or delete content which tiaee created themselves.

To improve security for data transmission we offer accessutoserver over https (encrypted
http). This feature is not part of iPath itself but can be aunted on the web server that iPath is
installed on. However, it is possible to configure iPath ineywhat iPath switches automatically
to encrypted mode, if encryption is available on the webeserv

All modifications to content objects are logged to ensurettinafull history of changes can be
reconstructed at any time. Most administrative requestis as user registrations, password reset
requests or granting access to a group are logged by thelfd@g¢ module. This module also
logs every attempted access to content to which a user doésve permission. The watchdog
logs the IP address of the remote user, the URL which he tdeactess as well as all data
submitted via GET or POST requests. Other modules can usedtthdog module to register
their own errors and other messages. System admins carsabeesatchdog entries from the
system administration interface.

5.1.7. Advanced Functionality

Beyond the basic functionality of a multi-media discusdmmum with closed user groups, iPath
offers a number of additional functionality designed esgbcfor telemedicine. Most of this
functionality is encapsulated into separate modules iemti@make future extensions and adap-
tion easily possible. The most important functionality @peally designed for telemedicine is
described in this section.

Virtual Institute / Duty Plan

The virtual institute is a module that enables the orgaiuisaif diagnostic consultations. The
module itself provides the functionality for the organisatof a duty plan which can then be
attached to an expert group. In addition it can create a fisllcases that are not yet closed
from an arbitrary number of groups. The usage for this mothri¢he organisation of a virtual
institute is illustrated in fig.512. A description of its djgation is provided in chaptéi 9.

Telemicroscopy
The telemicroscopy module allows real-time remote cordf@ microscope through the iPath-

Server. Routing the remote control through an externalesaather than a point-to-point con-
nection offers the advantage that the session can be autaihaarchived into the database on
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Figure 5.2.: lllustration of the organisation of a virtual institute. &tirtual institute consists of one
or more case submission groups to which the original coatsoifts are submitted. The expert on duty
is automatically notified and can, if possible, write a diagjs immediately on the original case. If
consultation of additional (sub-) specialists is desited,case can be referred to the expert group. In
this case all additional experts are notified and can carteitheir diagnosis and comments. Finally,
the expert on duty summarises the opinions of the expertsttes this as a “final diagnosis” on

the original case.
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the server. In addition it eliminates the need to configuesMails in order to allow access from
a workstation outside of a hospital to an microscope whiclogated inside a hospital. This
functionality is described in detail in chapidr 6. The fuotlity of this module has been ex-
tended since the publication of this article and now inctuslepport for several other types of
microscopes, e.g. Leica DM Family and the Nikon CoolScope.

Data Export and Import

iPath offers several possibilities for exporting and intpay object data. iPath offers the possi-
bility to export any data object in its XML representatiotfsaan object export is requested, iPath
will create a full XML of the object and all its child objectecgursively. This XML is bundled
together with binary data files (e.g. images) into a zip filackhs passed to the user. Con-
versely it is possible to re-import such exported zip filds @nother group or even into another
iPath server. The only potential problem can be that on tlgetanstance some optional object
modules are not installed and the import will be aborted.

The import/export system is easily extensible and devesogsm write their own import or export
plug-ins. Plug-ins can be made part of an add-on module addlsystem administrator can
enable them group-specifically. Custom export modulesldped at the University of Basel
include export of a case as pdf file or the export of all commentata stored in custom forms.

Web-Meeting and Distributed Presentations

The distributed presentation module allows publicatiod ezal-time discussion of a case over
Internet. The module offers the synchronised viewing of seaasing a text chat and a shared
pointer. Cases can be discussed within the closed user gragm also be published so that the
audience need not necessarily log in on the server. The symshtion of text messages, image
display and position of the shared pointer is implementeaguaJAX technology.

Any object that is stored in iPath can be presented througldigtributed presentations mod-
ule. For large audiences with more then 20 participants utseful to cache the content of a
presentation for faster loading and to decrease the daauéisity during a presentation. iPath
offers the possibility to cache the presentation, in thatasion, however, only images can be
presented. Other objects such as custom forms, drawingsxpslides will not work with a
cached presentation.

This module can be used for real-time discussion of a casle-(aeeting) as well as for distance
presentations. There is an option to combine the distareseptation with an audio streaming
server for the live transmission of the voice of the preser®® our server we have implement
audio transmission as low bandwidi®3 streaming using the open source IceCast2 streaming
server softwafe The distance presentations are useful for distance adocatd are used by the

Shttp://www.icecast.org/
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Figure 5.3.: lllustration of a distributed presentations through iPathe images, chat and shared
pointer are distributed directly by the iPath server sofewal he optional voice data is transmitted
with the help of an audio streaming server which was orifyndéveloped for Internet radio. The
playback of the voice is embedded into the iPath user irteriia form of either a JAVA Applet or a
RealPlayer Plugin. Thus, for the audience there is no egftavare required. The broadcaster of the
presentation needs an additional piece of software fordang and broadcasting the voice. Multiple
software packages for broadcasting voice are availablm@mt computer systems (Windows, Mac,
Linux). With appropriate settings, live audio streamingpassible at relative low bandwidth (4-
32KB/s) which makes this also a feasible option for collation with developing countrieE[bB].

Swiss Society of Dermatology to transmit presentationsfcontinuous medical education sem-
inars to practitioners who cannot attend the seminar phijgid he slides are typically exported

from PowerPoint and then imported as cases to iPath. A gisyistem has been used for the
past four years by the French African Telemedicine NetwBKKT) to broadcast presentations
to multiple locations in French speaking Afrilﬂ[53].

Teaching

iPath includes a number of features that allow its applecgith teaching. In a normal discussion
group all material is by default sorted by the date of subioins$o the server. In a teaching
group, the sorting can be predefined by the author of conteptdwviding a “sort number” for
every object in a group.
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The option to link objects from one group to other groupsrsfteachers the possibility to sep-
arate their pool of material from the actual course that eased by the students. Teachers
can store all basic material like diagrams, text documémizges or example cases to a specific
group that serves as “pool of material”. The actual layow oburse is implemented in a sepa-
rate group to which also the students have access. Origiat@rral from the pool is then linked
to the specific place within the course. This greatly simgdithe re-use and sharing of material
for different courses. While the pool of material can be curdusly extended over time, the
courses can be easily adapted and re-done according tattieetés needs.

For practical teaching there are two applications of iPAji.eachers can use e.g. the slide show
or the dual projection mode of iPath during the actual lexas blackboard or slide projector —
this can be live in a class room, but also at a distance usenditttributed presentations module
of iPath. 2) Teachers can grant students access to the iafiomfor later review and reference.

5.2. Distribution of iPath

5.2.1. Requirements for Installation of an iPath-Server

iPath is split into several parts. The most important pathesiPath-Server which is a web
application written in PHP running on Apache or Microsofteimet Information Server (lIS).
The minimal requirements for installing an iPath instanee a

Web server: Apache (version 1.3 or 2) or an IIS web server

PHP: version 5+ with the DOM and XSL modules enabled

Database: MySQL version 4 or 5 or Postgres version 7 or 8

Image Processing: preferable ImageMagick or alternatived gd2 module for PHP. With
the gd2 module iPath currently supports only a limited nundfénage formats.

Optional requirements for all advanced functions:

e The automatic email import requires the php_imap module

e The custom forms module is preferably used with the htnﬁtialy"lity for cleaning html
form templates and with the iconv (php module) utility folacacter set conversion when
exporting data to excel spreadsheets.

"htmitidy for automatically cleaning html code: http:/fiidourceforge.net/
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5.2.2. Helper Applications

In addition to the iPath-Server there are several extepal@ations that facilitate working with
iPath. The ImageDrop module consists of a Java applicatiahdonnects to iPath using its
XMLRPC interface. Users can drag and drop images and otlesrffibm their Desktop to Im-
ageDrop and they will automatically be uploaded and attht¢behe specified case on an iPath-
Server. Similar applications for direct uploading from a AW compatible scanner or from a
video camera have been implemented. A more complex exteetgér is iMic, a Java applica-
tion that provides an interface between an iPath-Serveaaxiton CoolScope microscope (cf.
chaptef®).

5.2.3. Licensing and Availability

iPath is released under GPL, which implies that iPath withabmplete source code is freely
available to anyone. Anyone may use, redistribute and atsdifgniPath provided that any mod-
ification which are redistributed are again made publiclgilable under GPL. The source code
repository of the iPath server code is hosted on Savéhtiehsoftware development platform of
the Free Software Foundation. The rest of the code whichdsd all optional server modules as
well as the external tools for microscope control and imggead are hosted on sourceforge, an-
other open source software development environment. Tt isanade available for download
in the form of several packages which are all available g@tMippath.sourceforge.net/

A project documentation is available on-line at http:Aipah/ and includes the user manuals
and installation manuals as well as the APl documentatiorsdftware developers who want

to extend the iPath-Server. Besides the technical docwatientthere is also a section with

documentation of different projects using iPath. The progte is also the web site of the iPath
association (“Verein iPath”) which was founded in order tomote a sustainable continuation
of the projects and services started throughout this tiviga

8http://savannah.gnu.org/
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Abstract

This paper reports a fundamentally new concept for Intelased telemicroscopy. By separat-
ing a telemicroscopy application into three tasks - micopgccontrol program, external server,
and client application - it is possible to establish a tetgscopy session between two arbitrary
end points on the Internet even if both of the end points arerse by firewall (microscope and

client application). The advantages of such a distribugetiesn, compared with the classical
point-to-point systems, are discussed. The telemicrgssggtem is combined with a telepathol-
ogy database, which is capable of automatically recordeteicroscopy sessions, allowing a
convenient combination of interactive remote microscopy store and forward telepathology.

In addition to remote primary diagnosis, it is easily pokstb discuss difficult cases within ded-

icated user groups, no matter whether images originate &delemicroscopy session, or are
manually entered into the database.
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6.1. Introduction

Since the early years of telepathology in the 1980s with ispeed hardware and communi-

cation links[1511], there has been a tremendous developmeggneral purpose (multimedia-)

computing as well as in the availability of network links buas the Internet and Integrated Ser-
vices Digital Network (ISDN). Today, almost any patholdgidesktop computer is fast enough
for telepathology and most offices are equipped with a fasrrhet connection. As yet, how-

ever, except for a few point-to-point systems for frozentisacdiagnosis using specialized

hardware[111, 115, 151], there is no widespread use ofdtiefogy.

Besides intra-operative diagnosis, there is an increasémgand for the usage of telepathology
for second opinions or scientific consultations[92]. Itkea pathologist should be able to con-
nect his/her microscope to the desktop computer in hisffiee@and use the hospital’s Internet
connection to share the microscope with any other pathstiegth an Internet connection. A
concept for telemicroscopy using the Internet and a cormeaitweb browser has recently been
introducead[62, 122, 165].

However, a fundamental problem in using the Internet as\aar&tlink for telemedicine appli-
cations is that transmitted data are basically not secusea donsequence, most hospitals have
secured their internal network (Intranet) with so-calleeviialls. These firewalls, however, are a
major problem for the use of the Internet for telemedicirsetreey prohibit a direct connection
between two computers located in two different hosplt&&][1Although it is often not explicitly
stated, a direct Internet connection is required by mostiex telepathology applications.

In the present article we present a new concept for interattlemedical applications which

allows the use of any Internet connection, secured by any efgdirewall, to share a scientific

device such as a microscope between several users ovelteneeln To illustrate this concept,

we will describe our prototype implementation of such aeysthowever, the main aim of this

paper is to demonstrate how it is possible to deal with seclnernet connections as they are
present in almost any hospital. The emphasis of this atigdleerefore clearly on the technical
solution for telepathology networks rather than on the wieesgic validity of yet another system.

For most pathologists who are trained to make their diagnmsia real microscope, some time
is needed for 'acclimatization’ before they are comfortabiaking diagnoses from digitized

images on a computer screen[82].

The complete software referred to in this article and addél technical information is published
on-line sourceforge (http://ipath.sourceforge.net).

6.2. Using the Internet for Telemedical Applications

If the Internet is to be used for telemedicine, it is necgsgaconsider the fact that most users of
any telemedicine application will be working in a hospitdieve Internet connection is almost
always secured by firewalls. A firewall is basically a filteatls located between the hospital’s
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Intermet

Non-Expert

Figure 6.1.: The set-up of the telepathology system described in thigmpéapor second-opinion
consultation, the network connection between the nonséxXpespital A) and the expert (hospital
B) is established over the Internet and an external wwwese(gellow line). For intra-operative
diagnosis, where an open internet connection is not reliabbugh, it is possible to run the www-
server application on the non-expertas computer that inexiad to the microscope. The network
link can be established over a private ISDN line.

intranet and the open Internet. This filter allows only cartimas from within the hospital to the
outside and only for certain networking protocols (such @a§'R and e-mail). It is therefore not
possible to connect directly two computers located at tvfeidint hospitals, as each attempt to
establish a connection would be blocked by the other’s filewa

To allow any use of the Internet, a firewall must at least t&ikeputbound connections to receive
web pages. Technically, this means that the hypertextfeapsotocol (HTTP) is always open
for outbound connections. Other protocols such as FilesfearProtocol (FTP) or Telnet are
often closed and inbound connections are almost neveatelkrIf a telepathology system is to
make use of the Internet as it is present on a typical ho&pltalanet, it must therefore only
make use of outbound HTTP connections for data transfermplsi but practicable example of
such a system, using common webcam technology (with imalgadpver FTP), was recently
established in the UK[128].

To implement a telemicroscopy system under such restredaditions, we separate the telemi-
croscopy application into three tasks, which are implemgas independent modules: a 'micro-
scope control program’, the 'client application’, and defmthology server’, which is located in
the Internet and routes data between the microscope cqmtygiam and client application for
an arbitrary number of telepathology sessions (cf. Figulié¢)6 In the following section, we give
a brief overview of these modules as they are implementedriptotype system.
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6.3. A Way Out: Distributed System for Telemicroscopy

6.3.1. Connecting the Microscope: the Microscope Control
Program

The microscope control program is an application that onside physically controls the mi-
croscope and captures images from a camera, while on theibttean communicate with the
www-server. To discuss a difficult case with a remote expepgthologist starts the microscope
control program, which has to be installed on his/her compuAfter setting illumination and
optionally preparing a map image (an overview which is cogsagbof several images at low
magnification) the microscope control program registeesrtticroscope with the www-server
and waits for instructions from remote clients. If the looalnonspecialist pathologist has a
motorized microscope, the microscope control programaopérate it according to instructions
from the clients. Without a motorized microscope, the nepegt must operate the microscope
manually. The expert pathologist may instruct the non-ex@eer a conventional telephone con-
nection. To direct the non-expert to a desired field of vidw &€xpert can use the point and
click interface as for a motorized microscope and the ngreebxcan see the desired position on
screen and can change the stage position accordingly. \Afitle €xperience by the non-expert,
it is easily possible to do remote microscopy with a convaeral microscope.

In addition to translating instructions from the experbinticroscope commands, the microscope
control program also sends some sort of 'live image’ to threesefrom where it is retrieved by
the clients. As there is no guaranteed bandwidth on thedatewe have reduced the transmis-
sion rate for the ’live image’ to one static image every 1 or, thstead of trying to provide a
real-time video. We find that such a low frame rate is enougimiost telemicroscopy tasks, ex-
cept maybe adjusting focus from a distance, but this can he g the non-expert, who is next
to the microscope. As these ’live images’ can be heavily aesged, it is possible to provide
an almost live feeling for remote microscopy with very canaéive bandwidth needs: a single
ISDN channel (64 kbit/s) is enough to perform on-line telenmscopy. However, if bandwidth
and fast computers are available, it should be easily pleskiluse a compressed video stream
instead.

At present, our microscope control program software isimgpander Microsoft Windows NT/95
and can be used with any 'Video for Windows’ §€W) compatible video input card, and it can
optionally control a Zeiss MCU-26 stage controller. Poa®ther hardware are in preparation.
Support for high-quality frame grabber cards (Matrox Metaiod IC-PCI) is almost completed
and support for other microscopes (Olympus and Leica) andL®Bix) is being worked on.
A motorized microscope is not required; a conventional ogcope operated by hand, although
slightly slower, is sufficient for most tasks.
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Figure 6.2.: The client application is implemented as a JAVA enhanced pag®, which can be
used with a conventional web browser. The "live” video imagthe top left corner always shows the
actual view from the microscope, automatically updatedyete? s. On the right, the last captured
image is displayed. With a motorized microscope, the agtoaltion of the live image is always
outlined by the black rectangle. With a conventional micope, the rectangle can be used by the
expert to direct the manual operation of the microscope.

6.3.2. Using the Microscope at a Distance: the Client Web Pag e

The client application is implemented as a JAVA enhanced paale, which has proven to be
suitable for a telemicroscopy cIieE[dZ’liZ__hGS], as it ba used on any computer platform
equipped with a conventional web browser such as Netscap@®ar or Internet Explorer.
Figure[G.2 illustrates how the microscope is representethéaemote expert. A small 'live
image’ (top left, updated regularly according to the présamdwidth) always shows the current
view under the microscope. Single high-quality imagese(talour VGA) can be captured and
are then displayed on the right side. Images are stored ansitorted in standard JPEG format.
The compression rate can be set dynamically, which alloe/siglers to make a reasonable trade-
off between speed and image quality. If the magnificatiomcsgased or the stage moved, the
new position is indicated on the captured image with a regéafef. Figurd6.2). The microscope
can be directed to a new field of interest by clicking at therddgosition in the captured image.

As the application can store several captured images, livesya possible for the expert to scroll

back to earlier locations and continue the investigatiomfthere. In addition, every session is
recorded by the telepathology server, so that it can bewedeven when the microscope is no
longer on-line, to allow archiving and later discussion ifficLilt cases (cf. FigurE®&l3).
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Figure 6.3.: Every telepathology session can be recorded by the wwwegéneluding all captured
images with their exact position and magnification. Henoe domplete session can be reviewed or
re-discussed at any time without access to the microscolpe réal slide must be put back under a
microscope only if other areas of the slide are requiredhigd¢ase, the database will record further
images along with those already existing.

6.3.3. The Telepathology Server

As in most cases, due to restrictive firewalls, it is not palssio establish a direct connection
between client application and the microscope control ianog we introduce an external server
to route data between the microscope and clients. Basith#ytelepathology server is a web
server with support for active web pages (PHP and JAVA) andllaation of CGI scripts for
routing data between the microscope and client.

If a telemicroscopy session is to be established, the naogpes control program first contacts
the telepathology server, authenticates itself and sdmelstate of the microscope (position,
magnification, etc.), and then waits for the next commandet@Xecuted. If a client requests
some action from the microscope, the telepathology seorerards this request to the listening
microscope control program, waits for the answer, andidigs the answer (e.g. a captured
image) back to the client. Additionally, the current stdtéhe microscope is stored on the server,
so that it can be distributed to all clients without calliragch every time to the microscope control
program.

As a side-effect of such a triangular architecture, theedvigys a delay compared with a direct
point-to- point connection; the distributed set-up takiesut 1-3 s more to complete a request
than a direct connection. Compared with the advantage afjlegle to use almost any kind of

Internet connection on both sides, this is in our opinion aimal disadvantage.

Besides routing information and providing access contia, telepathology server can addi-
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tionally record every session into a database, includihgrelges, with their exact position and
magnification (cf. Figure®l3). This has proven to be veryghle: sessions can be reviewed and
discussed at any time without accessing the microscopadmtnat have been important for a
diagnosis can be downloaded and stored along with otheargatiformation after the interactive
session is finished (from all involved partners); and ca$special interest can be published on
the telepathology server to a general audience by one ditleanouse.

As no Internet server can be fully secured, it should agastiessed here that any data that could
be used to identify patients should not be stored on therlatelf sensitive data are needed along
with the images, a simple but reliable solution is the usediffarent, secure transport medium,
such as spoken language over the telephone or encrypted éentaypted with PGR[17]).

6.4. Discussion

We have shown how to design a telepathology system that hedsternet as a network link,
but is not limited in its use by the restrictive firewalls pasin most hospitals. The distributed
approach to accomplish this task has many more advantaigesisged below. Lack of inter-
operability has been identified as a major drawback of exgdelepathology systems[159]. One
way of overcoming this problem, an open standard, is alrmaglicit in a distributed system.

6.4.1. An Open Standard

The distribution of process clearly separates the telepagly application into several distinct

modules. Provided that the interfaces between these nodutestandardized and published,
single modules can be implemented or adapted to specifisaaedndependently from the rest

of the system. Improvements to the server, database ot eligrets are immediately available
to every expert who is using a connection via the server,anthg hardware-specific microscope
control programs do not need any change at all.

Additionally, the development of new components is no lamgstricted to a single vendor or any
central authority. At present, development on the telegagy server software will be continued

as an academic project with additional partners. The emgrgpftware will be released under
the existing open source licence. On the other hand, it woelglasy to imagine that microscope
vendors could develop and support commercial versionsehtrdware-specific microscope
control programs.

As an example of such an open standard, we have publishedni@ete communication inter-
faces of our prototype system on-line (see below).

6.4.2. Use for Frozen Section Diagnosis

While a range of commercial applications exist especiathy ffozen section diagnosis, it is
perfectly possible to use such a distributed, open systeavidged some attention is paid to
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security and reliability. For example, the telepathologywsr module can be installed on the
same computer as the microscope control program, or angwhighin a hospital’s Intranet.
Network connection to the expert is established over theamet (in-house diagnosis) or over
ISDN, so bandwidth need and reliability can be guaranteediedl as privacy of exchanged data
(cf. blue route in FigurE®l1). By dynamically adapting caegsion and the transmission rate of
images, the system described is functional under verydanitandwidth conditions (64 kbit/s).
If external help is needed, the same microscope can be @ity connected to an external
telepathology server over the Internet and thus an expefeaonsulted immediately.

A small pilot study on routine material demonstrated theesdiragnostic performance as desired
in routine frozen section diagnosis; neither false-pesitor false-negative tumour diagnoses
and a deferral rate below 10% [65]. Compared with a commieeliamicroscopy system, con-
nected by three multiplexed ISDN lines with a robotic mio@ge, which was used for remote
frozen section diagnosis on the same cases, the median éeded was 8 min versus 6 min for
telemicroscopy via the Internet versus the commerciaksystespectively. It was found that a
surgical pathologist does not need special training in #&eaf such a system, if already familiar
with usual desktop PCs.

6.4.3. Combining Dynamic Telemicroscopy with 'Store and
Forward’ Consultation

Besides on-line telemicroscopy, discussion of difficubesin dedicated user groups is a very
important application of telepathology|92]. The distribd system described above allows a
very convenient combination of interactive telemicroscapd 'store and forward’ consultations
in the very same application. While all telemicroscopy sessare automatically recorded to
the database, there is also the possibility to enter imagesially. The advantage of such a
flexible solution can be illustrated with some examplessthirimages from different sources,
such as a gross specimen or even radiology, can be storgghaithnthe images from an on-line
consultation. Secondly, a consultation may be started avgat of images provided by the non-
expert, but if the expert wants more information and a teteasicopy session is then conducted,
the images captured during that session are stored autathgtalong with those provided by
the non-expert beforehand. The presentation and handiitige@latabase are always the same,
no matter where the images originated.

6.4.4. Future Directions

A first improvement planned for the future is to incorporate@age of collaborative tools that
will improve the discussion within a user group. The firstpsterhich is almost completed,
is a text-based chat function that allows on-line discus&ietween more than two partners.
There are some additional advantages of chat-based coroationi over voice telephone: the
communication can be easily stored in text form and therdeaver communication problems
between partners with different native languages whengusinommon language (English) in

50



written form, instead of oral communication (R. Weinstadnal communication). Due to its
modular concept, the system can be easily extended with ottlaborative tools, such as a
shared pointer or a whiteboard.

Additionally, there are plans to make the telepathologyeseinter-operable with other existing
standards such as DICOM, whereby other image sources (CT) édRld be used to feed the
telepathology database directly.

6.5. Conclusion

While in some special fields telepathology has become redpaccepted by a variety of users,
a general, widely accepted framework is not yet in sight. tagsting systems are conceptually
targeted to restricted fields of application and are theeefmt very useful as general tools to
most pathologists. Although the presented solution is argyototype, we hope that its concepts
and the ideas presented in this article demonstrate how erglednamework for telepathology
that includes a broad field of telepathological applicaidrom intra-operative frozen section di-
agnosis to inter-continental second-opinion consultatican be implemented using technology
that is available today. We believe that only an open, madtaanework will help to overcome
the obstacles that still prevent the more widespread usdeydthology.

The complete software described in this article is freelilable as open source software. The
software and more detailed information on the project, e@gfig the communications standard
implemented, can be found at http://ipath.sourceforde.ne
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7. Applications of the iPath Server at
the University of Basel

Since 2001, the Department of Pathology in Basel has beeg tis¢ iPath platform to operate
a global telepathology network (http://telepath.pathdoas.ch/). Today this network has over
1200 registered users organised in over 100 discussion rirvgogroups.

In April 2006 these various working groups contained ovél08 cases with a total of over
55’000 images and 3'500 other file attachments. Over 14’58Qrbstic comments had been
already submitted. TableT.1 gives an overview of the agtivn this server. From over 1200
registered users, 906 had made use of their account and dgrgeldanto the server at least once
after registration. On average a user had logged in 47 titree presented 9 cases, provided
19 comments and visited 59 cases. There is of course a hugmsaibetween the different
users. While 237 users had not visited anything but test mrodsases, the most active user had
visited 4146 different cases. 262 users had presentedsatdea case and 347 had written at
least one comment. The most active users had presented 48€2and written 2137 comments.
The bottom row illustrates the number of user who had loggadare than 10 times, who had
submitted 10 or more cases or comments and who had visitee than 10 cases. Obviously
there is a substantial number of “passive” users that da thsi cases but do not write any
comments or present their own cases.

7.1. The iPath-Server at the University of Basel

The very first iPath server at the University of Basel base@ ofd Desktop PC (Pentium II),
had been installed by the end of 2000 and served mainly a$ preconcept. With the launch of
the projects on Solomon Islands and in Cambodia in 2001 tleiabof consultations started to
grow and it was decided to migrate the project to a properesdrardware. In early 2002 iPath
was migrated to a Fujitsu Siemens Primergy Server (raclesevith a 1GHz Pentium Ill CPU
and 36GB SCSI hard-drive) running on RedHat Linux (versid®) éperating system. In 2005
the storage capacity was extended to 145GB (2 hard disksrioninig RAID configuration) and
the operating system was changed to a Debian based Linux.
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Table 7.1.: In April 2006 the ipath Server at the University of Basel h&83 active users and 769
inactive user, which had never activated their account drriza logged in for more than one year.
This table includes the data from all active user that hagddgn more than once. Administrative
users and test cases are excluded from this table.

Column one shows the number of logins, column 2 the numbeasés submitted, column 3 the
number of comments contributed and the last column showsthamy times a case was visited.
The two rows at the bottom show the number of users who haveselgnitted more than one case
or 10 or more cases respectively.

login cases comments casevisits

avg 47 9 16 59
max 2794 1302 2137 4146
sum 42664 7808 14130 53293
nr.users>1 906 262 347 669
nr. users>=10 392 72 119 371
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Figure 7.1.: Login statistics for the iPath-server at the University @sBl. The y-axis illustrates
the number of monthly user sessions. Valid figures are ordilae since August 2002.
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Figure 7.2.. Monthly case submission to the iPath-server at the Unityeo$iBasel.

7.2. Overview of Applications and Groups

On April 1st 2006, 2056 user accounts were registered onRathiserver at the University of

Basel. Out of these 2056 users, 1222 have logged in more th@nio the last 6 months and

can thus be considered as active. These users were organggdctive groups — counting only

groups that were not set up for testing and which contain rii@ne 10 cases. In total there were
154 groups, but many of them were created for some test peigrasever became active.

Most of these groups are not organised by the core iPath tetra Bniversity of Basel. During
the project there were people from all continents appraarts with new ideas for using iPath.
For many we granted access to our server and let them orgaerisewn groups. As with many
new technologies, there was often an initial boost of irsiebeit afterwards most groups never
achieved a critical mass to get an interesting discussiamggand later ceased to exist. Other
groups existed for years and exhibited continuous actiVitygive an overview of what kind of
applications the iPath server is being used for, | will givierief description of the most active
groups. Raw data for this overview are listed at the end sf¢hapter.

7.2.1. Groups with over 100 Cases

Brustzentrum Dresden (1375 cases)

Virtual community of the breast tumour competence centrin@fregion of Dresden, Germany.
Currently three hospitals and three community clinics aadigipating in this breast tumour
centre. The working group on iPath is used for the clinicaludoentation of all breast tumour

patients treated at any of the participating institutiod$ie group uses a set of 15 forms to
capture data from different specialities including onggigpathology and radiology. Different
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examinations are performed in different locations. Non¢hef participants had ready access
to all the data (radiology, histology, pre- and post-operatl examinations, follow-ups, etc.)
necessary to perform the quality assurance statisticdhibgtare required by the government.
Since the institutions do not share a common medical IT giatf the collection of all data on
all common patients has to be organised over an externailcapph to which all participants
have access. The solution was based on iPath and allowsresithition to insert and modify all
data generated at their side. They also have ready accebotbex data. The data collection
is utilised for the interdisciplinary tumour board meesrag well as for extracting the indicators
for reports and quality assurance statistics. At the morttentalculation of these statistics is
done with an external database at one of the participamtsksit it is planned to integrate this
as an additional module for iPath using the XQuery languagleX&LT language for generating
report templates.

Sihanouk Hospital Center of Hope, Cambodia (1296 cases)

This working group is formed by the Sihanouk Hospital Cemtiddiope in Phnom Penh and
pathologists from Germany, Switzerland and Thailand tovigle diagnostic services in histo-
and cytopathology for the hospital in Cambodia. A detailedl@ation of this application is
published as a working paper in chagier 11.

South Pacific (499 cases)

Virtual Community formed by the National Referral HospitaHoniara, Solomon Islands and a
group of pathologists providing diagnostic services itdpathology for the Hospital in Honiara.
A detailed description follows in chaptdns 9 dndl 10.

Oncology Centre Lérrach (475 cases)

The oncology centre Ldrrach is used for supplementing turboard meeting held at the re-
gional hospital in Lorrach, Germany. Participating parsria the tumour board meeting include
the pathologists from the University Hospital in Basel,iodabists from the hospital in Rhein-
felden, Germany, and from private practises in the regio® oncologists from Ldrrach as well
as several external specialists. If the clinicians in Lénrevant to discuss a case in the bi-weekly
tumour board meeting they create a case in the discussiop groiPath and they announce this
to the partners who will then attach their material (mairdgliology and pathology images) to
the cases. During the actual meeting, all material is ptesedirectly from iPath.

This has the advantage that all material is available befodeafter the meetings for those who
are interested in the case and want to review the presentestiaha Additionally, using the
dual projection module, cases can easily be compared with @ther, for example, with a for-
mer biopsy if it is already in the database. Furthermoreijtimahél material such as schemata
or papers can be added to the case to illustrate the findingsthAr advantage is that these
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presentations stored on iPath are building a very intergsrchive available to all clinicians
participating in the project. And finally, since the matersaalready collected on-line, it is very
easy to make it available to an external expert for a secomiarp

All cases are stored in an anonymous form without a direéepaidentifier. Patient identifica-
tions are communicated over a separate channel.

Bangladesh (346 cases)

A discussion group started in March 2002 by a pathologishfidhaka, Bangladesh, to dis-
cuss complicated and unclear cases with colleagues frotdkhand from South Africa. Over
time, the group of participating pathologists has grown ama includes experts from almost all
continents.

Feldstudie Telepathologie (325 cases)

This group was used for a review study of the German Pathoksggciation to collect material
from telepathology consultation in anonymous form in ortbeasses the diagnostic quality of
telepathology consultations done with various real-tiglegathology systems. From February
2002 to April 2004 over 300 cases were collected. Howeveés,unknown to us if the material
collected in this way has ever been evaluated. A peculiafityis group was that it was con-
figured as an “anonymous group” which ensures that usernafrtée submitters of case and
comments are not visible to group members. Only the groupenabor can see the identity of
the contributions.

Basel Atlas Daicker (247 cases)

Group used for the edition of the illustrations for “Stergas of Ophthalmic Pathology” — a
book by P. Meyer (Basel, Switzerland) and K. Loéffler (Bonn,r@any) published by Karger
Verlag, Basel. From the whole compilation of the totally 02’000 stereoscopic slides of in-
teresting and rare eye diseases, the editors selected R46gxmake them available to interested
health professionals. iPath was used for the selectiorepsoas the two author and the publisher
were working in geographically different locations. Addiitally, the content of the CD-ROM
accompanying the book was directly produced from the dawb&our iPath server.

Laos Vientiane (239 cases)
Diagnostic support for pathologists from the National Wmsity of Lao in Vientiane, Laos.

Pathologists from the University of Calgary in Canada arefog the team of experts. They are
supported by volunteering pathologists from Germany. ghisip started in 2003.
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Histopathology Forum (225 cases)

In the early days of iPath, most applications were eithemdefigroups of experts providing
diagnostic consultations for a defined partner or discusgroups for case discussions within
existing working groups. Over time, more and more indepehpathologists from all over the
world started to register in our server. Since these patfist® did not belong to any of the
existing user groups, a new, relatively open group namedttigathology Forum” was started
in December 2004. In contrast to the closed user groups,endma@ress is only granted by the
true group moderators, any person interested in partiogat the Histopathology Forum will
be granted access directly by the system administrators.

Since December 2004 over 240 pathologists have joined thigpg Cases from all over the

world are frequently presented and debated sometimes gthgrdiscussions with up to 14

comments per case. With an average of 4.75 comments pertdaggdup shows one of the

highest commenting frequencies. In addition to the commpasted to the groups itself, some
cases were discussed further in a closed expert group suble a&matopathology group. On
average, a case in the Histopathology forum is visited 88gimhich is another sign of the high
activity in this group.

Basel Ophthalmology (203 cases)

Closed Discussion group of ophthalmologists from the UrsiNg of Basel. Besides consulta-
tions, this group was also frequently used for the seleatiblustrations for books and the
editing of the accompanying figure legends.

Telecytology Basel (168 cases) and Telecytology Honiara (3 5 cases)

While tele-histopathology has been studied quite welkehevery few literature available over
the feasibility of tele-cytopathology. However, cytologyoften much easier and cheaper in
preparation and can give very valuable diagnostic resattsdrtain diseases like, for example,
cervical carcinoma which is relatively prominent on Solomslands. For Solomon Islands no
published data is available but in a study carried out in thighbouring Vanuatu which has
a pre-dominantly Melanesian population like the Solomdanids: Pakosy et al.[120] found
that cervical carcinoma was the most frequent cancer oféhele population (25.5% of all
carcinoma).

A major problem with cytology is a lack of qualified cytolotgsn developing countries. How-
ever, a well-trained technician can screen cytology sliday effectively and for most cytol-
ogy diagnosis a qualified cytologist would be mainly necessar quality control, continuous
training and for difficult specimen. Thus, theoreticallytalogy could be a prime application
for telemedicine. In a joint study of the National Referrabdpital in Honiara, the Ministry
of Health of Solomon Islands and the Department of Pathotdghe University of Basel the
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feasibility and diagnostic quality of tele-cytology undssnditions of a typical hospital in a
resource-constrained area is being evaluated.

As a control study, 168 randomly selected routine cytolagges from the laboratory of the De-
partment of Pathology in Basel have been photographed biokogysts and presented on iPath
to a group of pathologists: three specialists for cytologgl ane specialist for histopathology.
The four specialists diagnosed each case and entered idgogis to iPath without being able
to read the others diagnosis. Using the option “hide comsi@mteach case, the diagnosis of the
other colleagues only becomes visible after a user haseehtés own diagnosis. A preliminary
evaluation of the results of the control study is includelble

Iran Pathology Group (163 cases)

The Iran Pathology group includes two different applicasioln March 2002 a pathologist from
the Tehran University of Medical Sciences started to intcedIHC (Immunohistochemistry)
staining in Iran. IHC uses antibodies to specifically manitaia proteins in the tissue. In order
to ensure the quality of the IHC method and to ensure that éiaediagnostic tool was used in
line with standardised WHO classification, the Iranian phifists used iPath to discuss certain
cases with pathologists from Europe with long-term experen IHC staining.

The same discussion group on iPath was later used in a staggdcaut by a pathologist from
the Department of Pathology at the University of Kermam lend colleagues from the Institute
of Pathology at the Charitée University in Berlin, Germanke study compared the diagnostic
outcome of the UICC telepathology centre at the Charitéedariand the iPath Server of the
University of Basell[19, 101].

(The group ceased to be operational in 2004 due to unknownmeaPerhaps with the successful
introduction of IHC staining and the publication of the riksdrom the telepathology study, the
interest in tele-consultations have disappeared.)

Radiology Lorrach (162 cases)

Archive of interesting radiology cases by a radiologist driach.

Ukrainian Swiss Perinatal Health Programme (159 cases)

Within the framework of the Ukrainian Swiss perinatal heg@itogramme organised by the Swiss
Center of International Health, a telemedicine componead @stablished. This telemedicine
component is based on iPath and tries to foster collaboragtween specialists in Ukraine and
in Western Europe in the field of neonatology and obstetfidgst images submitted are ultra
sound and x-ray images and also photographs of patients.

The Ukrainian Swiss Perinatal Health Programme has novblestiad its own server in Kiev,
Ukraine and the data will be moved from the server at the Usityeof Basel to that server. A
detailed description is given in chapked 13.
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AG Knochentumoren (140 cases)

The very first group using iPath since 2001 is the German bom®ar working group (AG
Knochentumoren). They use their discussion group on iPaitihlynfor the preparation of their
biannual meetings, where difficult and interesting caseslemcussed with the goal of finding a
consensus diagnosis. To prepare these meetings, mosacagehlished in iPath and discussed
there. This group uses the feature of “hidden comments”hitts comments of others for a
user until he or she has entered his or her own diagnosis.ihg@i the activity per single case
this is the most active group: a case receives on averagemments and is visited 118.6 times.
The group is also infrequently used for “ad hoc”-consuttasi.

Some of the members of this groups are also active as bonaitispecialists for various other
groups.

AG Mamma- und Gynakopathology der SGP (120 cases)

Similarly to the “AG Knochentumoren” the working group on miaa- and gynaecopathology
of the Swiss Society of Pathology has started a discussmupgyn iPath for preparation of their
consensus meetings.

Expertgroup Pathology Basel (119 cases)

This group is used for the organisation of the “Virtual Ihsie’[21, 18] that is available for
some of the hospitals in developing countries that are #atiy submitting cases (Solomons,
Cambodia, Laos and Bangladesh). A virtual institute texdily consists of a separate expert
group in which all participating specialists are organis€tle expert group has a duty plan so
that for every week it is clearly defined which pathologistis duty”. Several other groups may
be linked to the expert group and the expert on duty has atcesspecial case list on which all
new cases from any of the linked groups are listed. If a diagns easily possible, the expert
on duty will write a “final diagnosis” and thus close the casen-email with the diagnosis is
automatically sent to the case submitter. For more comegs; the expert on duty can make a
referral to the expert group and then all members of the éxpeup are notified. The case will
now be discussed within the expert group and after a few dagsxpert on duty is obliged to
summarise the discussion and publish this summary as fiaghdsis back to the original case
(cf. fig[a.2).

Optionally, it is also possible to grant access to the irgkdiscussion to the submitting doctor.

Following the discussion of the experts can be a very usefrning experience for the sub-

mitting physician, however, it may also be confusing if rént possibilities are suggested and
discussed. Thus, some submitting physicians prefer to @ugive the summary of the expert

on call. The choice should be with the submitting physician.
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7.2.2. Other Interesting Groups

Beside the very active groups with over 100 cases there amradanteresting groups worth
mentioning.

Zirich Neuropathology

For one year the neuropathology specialists of the DepaitimiePathology in Basel is on a
research sabbatical in Zirich and thus there is no neuroloah specialist in Basel for deal-
ing with complicated intra-operative frozen section diagjs that are sometimes requested by
the neurosurgery ward of the University Hospital. In ordeovercome this problem, difficult
neuropathology specimen are presented to the special&irinh using a fully motorised mi-
croscope (Nikon CoolScope) and the remote microscopy neaatuthe iPath server. Using this
technology allows the specialist in Zirich to review a sid®asel within minutes.

Ethiopia Pathology (61 cases)

The “Ethiopia Pathology” group is organised by a retired apathologist, who is currently
working for the Tikur Anbessa Hospital (Black Lion’s) Hosgdiin Addis Abeba, Ethiopia. The
group is used by this pathologist and his Ethiopian colleagar second opinion consultations
with pathologists from Zurich and Germany. So far 61 cases baen discussed and received on
average 2.3 comments. One consultation was published eseaasrt in the Ethiopian Journal
of Medicine[132].

Hematopathology (52 Cases)

An expert group for the discussion of hematopathology casganised by a retired pathologist
from Basel. The group serves for the discussion of intergstases, but mainly as expert group
for the referral of difficult hematopathology cases fromeastigroups. A major problem for
organising sub-specialty consultations is that it is diffitco motivate specialists to review cases,
especially if the quality of the submitted cases is not veghh

Most users on our iPath server do not have direct access bethatopathology group. However,
if an interesting hematopathology case is presented fanpkain the Histopathology Forum or
from Cambodia, the system administrators will inform a mendf the hematopathology group
who may then refer the case to the expert group, providedttigasubmission is of interest
and acceptable quality. This triage model is a very efficient to organise very specific sub-
speciality consultations.
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Port St. Johns, South Africa

This group was created in 2002 to facilitate the telederfogjoconsultations between a GP in
Port St. Johns, South Africa, and some dermatologists irptitdic hospitals in Mthatha and
East London. This application was initially running on tleever at the University of Basel and
was later moved to a regional server operated by the WaketiBUniversity (WSU) in Mthatha
in June 2003. Since then, all tele-consultations from PbrtJ8hns have been handled on the
server at WSU. A detailed description of these activitiggravided in chaptdr2.

Norodom Sihanouk Hospital, Cambodia

The Norodom Sihanouk Hospital is a large public hospital imdémn Penh, Cambodia. It is
one of the very few centres that offer reconstructive sytgéie surgeon is using the iPath
facility to consult with colleagues in USA, Australia and i&erland. The idea for the drawing
module, which allows a consultant to draw an annotationctliyento an image submitted to
iPath, originated from this application.

African Dermatology Forum/Tropical Dermatology and Vener ology Forum

Occasionally, dermatology consultations from severaletging countries are submitted to
iPath through one of the pathology consultation groups.‘Afécan Dermatology Forum” was

a first attempt to facilitate dermatology consultation.dthreceived a few cases in the beginning
but then ceased to operate. The name implied that the forwnim#ed to Africa and some
users on iPath did not feel comfortable with this. On reqéresh Cambodia a new group was
started with a more generic name. Hopefully it will be poksiio disseminate the knowledge
about this group. To ensure a certain quality of contrimsjat is envisaged to link it with the
activities of the Swiss Society of Dermatology, which isngsiPath for their dermArena project
(see next section on “vitual portals”).

Basel Pathology Groups

Additionally, there are various groups used by the pathstegn Basel. They are mainly used
to disseminate interesting findings to clinicians who sutedithe material to the Department of
Pathology using the distributed presentations facilitgvded by iPath. On some occasions,
iPath was used to get additional information from the sungetho submitted the tissue for

pathology examination.

7.2.3. Virtual Portals

Several groups have gone a step beyond creating a discugsiop only and have actually
started their own virtual portal on iPath. A virtual portala separate entry to the same database,
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but having a different layout, front page and often a différgefault language. Virtual portals
are also important to create some sort of corporate idewtiigh is often a highly motivating
factor for new members. Most virtual portals consist of mtin one discussion group.

Lithuanian Pathology Online (46 cases)

A group of Lithuanian pathologists have started their owrual portal on our iPath server

(http:/ltelemed.ipath.ch/lithuania/). The group hasistated iPath into Lithuanian Language.
The portal consists of several groups of which the open fanames “Lithuania Pathology On-

line” is the most active. Plans for the future include a dsston group for providing continuous

medical education, mainly in Lithuanian language. A bdjtnphoma registry based on iPath is
also discussed.

Patholndia (43 cases)

Virtual portal of the pathoindia project which brings toget pathologists from all over India

(http://www.pathoindia.com). For some time the groups wsiag a discussion group on iPath
with a virtual portal (http://telemed.ipath.ch/pathamydfor their case discussions. However,
most active members have later moved to the new HistologyrR@nd are now using this more
international group for the discussion of interesting amchplicated cases.

Donetsk Regional Telemedicine Group (39 cases)

A group of physicians from the region of Donetsk, Ukraine ptanslated iPath into Ukrainian
and who run their own virtual portal on http://telemed.lpah/donetsk. This groups is mainly
used for presentations and discussions in the field of gyihagg and obstetrics.

RAFT- Forum (16 cases)

RAFT is the “réseau de télé-enseignement et de télémédexiA&ique francophone” (French
African tele-education and tele-medicine network) orgadifrom Bamako, Mali, and the Uni-
versity of Geneva, Switzerland. Since 2001 the network leshlactive and the main activity
has been broadcasting lectures from Europe to Africa aradfedsn Africa to Europe. For ex-
ample, the students of tropical medicine in Geneva can wsadtwork to attend lectures from
the medical faculty of the University of Dakar, Senegal. Séeistance lectures are organised
by means of the e-Course platform of the University of Ge[&8ja Recently, the network has
started to use iPath for tele-consultations and is runnivigt@al portal on our server, on which
the default language is French (http://telemed.ipathatth).
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DermArena - Suisse DermatoPratique (14 cases)

DermArena is one of the youngest projects on iPath. It istaimportal for the Swiss Society
of Dermatology used mainly for broadcasting CME seminagularly organised by the soci-
ety. This group utilises the distributed presentation nedd iPath. An application associated
with DermArena are the virtual case rounds organised berngrech-speaking dermatologists in
Switzerland using the group “Suisse DermatoPratique”. édamenonth an interesting or prob-
lematic case is presented live using the distributed ptaien module within a group of Swiss
dermatologists. While the number of cases (14) is not vegi hit is interesting to note that the
group has by far the highest number of visits per case: orageevery case is visited 170 times!

Solomon Islands Telemedicine Network

Since 2001 the National Referral Hospital in Honiara (NRHES$ been using iPath for telepathol-
ogy consultations with external specialists. In 2005 a grotiphysicians from NRH together

with the Ministry of Health has come up with the idea of usiRgth to provide consultations

to the provincial clinics which are mostly located on ottetands. Nurses and doctors from the
provincial clinics shall have the possibility to consulttiwvihe specialists in Honiara. If there

iS no appropriate specialist available in Honiara, an eslegroup of specialists for secondary
consultation is previewed.

Besides the consultations for provincial clinics, the ratawill also enable consultations in re-
spect with physical patient referrals from NRH to the St.dént’'s Hospital in Sydney, Australia.
Additionally, the Solomon Islands telemedicine networlaliso planning to use the distributed
presentations module to organise regular CME for the staffRH and also for the provincial

clinics. A short overview of the project is includedin 6.3 pagd_166.

7.3. iPath in Developing Countries

Many of the applications described in the overview abov&ue participants from developing
countries. Over a third of all clinical cases presented athiBriginated from outside of Western
Europe and US (c.f. table=8.1). Especially the diagnostitsatiation groups for South East
Asia (Cambodia, Laos, Bangladesh) and the Pacific as weleaslistopathology Forum with

submissions from India, the Arab region, Armenia, etc. hagen very active (c.f. detailed
chapters below).

One of the objectives in the development of iPath was to ertbat medical specialists from dif-
ferent geographic regions, different time zones and ealhgovith very different infrastructure

can collaborate on the same set of data. A key functionafiti?ath is that a consultation can
be initiated by sending an email to the iPath-server, wrsdbyifar the most convenient way of
data transfer in most low resource settings (c.f. thble. &) the consultants, it is often more
convenient to work with the web interface of iPath. On thdiom-site of iPath consultants can
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collaborate with each other and it is always visible what cwnts and diagnosis had already
been given by others. However, all comments are sent bable twaise submitter by email. These
emails are generated automatically by iPath and they alweyisde a full case report with the
original case description plus all the comments given so far

The concept of iPath makes it attractive for specialistsifmodustrialized nations to use it bene-
ficially for their own purpose. However, once they are faamilvith iPath itself, it is often much
easier to invite these specialists for collaboration weltipers from developing countries.

7.4. Other Applications of iPath Software

While most telemedicine projects working with iPath arengghe iPath-server at the University
of Basel, there are some projects which are using the iPéthae independently in their own
IT environment.

One such installation was done at the Walter Sisulu Unitye(8VSU), the former University of
Transkei (UNITRA), in Mthatha, South Africa, during my reseh stay there in 2003. Reasons
to install a separate server at WSU were 1) increasing splegctess by eliminating the need
for international bandwidth when using the server in Basel2) fostering regional organisation
and facilitating the integration of telemedicine with tlogdl health system.

This server is serving two main purposes. The first is a distindele-dermatology service
which is available to all primary care facilities in the pnose. This service is now managed by
the Telehealth Committee of the Department of Health of thet&n Cape Province. Despite its
availability the service was so far only used by three cimigth a majority of consultation from
one general practitioner in Port St. John5s[22]. This is hyadne to the lack of digital cameras
and computers with an Internet connection in the clinicslaoking training. The Department of
Health has planned to equip approximately 10 clinics (pesoommunication by the director
of the Telehealth Committee). However, the plans are stilbaper only and have not been set
into practice.

A second application of iPath at WSU is the field of problersdzhlearning for the students of
the medical faculty. A major problem in the problem-basediiéng course has always been the
availability of copies of all documents (x-rays, ultra-sdumages and other illustrations) for all
students. A selection of “learning problems” is now madélalsée to the students through the
iPath server.

Since other institutions can download iPath freely, we dbaxactly know how often and for
what purpose it is being used. However, the statistics omceﬁnrg@, the website on which
the source code is available, show that since the initigass in May 2001 there have been
over 5’000 software downloads. Some of the institutions$ tise iPath include the Department
of Pathology of the University of Pittsburgh Medical SchfdB5A), the Argentinian society of
cardiology, HealthNet Nepal, University of Udine (Italyg well as several non-medical projects.

http://www.sourceforge.net/projects/ipath
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Usage Statistics ot the iPath Server at University of Basel

group name members  cases comments comment averagecase usersseding usersseding

per case views cases comments
Brustzentrum Dresden 20 1375 20 0.01 15.49 10 6
Sihanouk Hospital Center of 66 1296 2861 2.21 31.17 7 35
HOPE, Cambodia
South Pacific 79 499 1134 2.27 41.10 11 29
Oncology Center Lorrach 148 475 159 0.33 40.61 14 16
Bangladesh 65 346 1549 4.48 58.12 3 34
Feldstudie Telepathologie 22 325 390 1.20 16.07 12 17
Basel Atlas Daicker 5 247 532 2.15 30.27 1 4
Laos Vientiane 58 229 450 1.97 28.03 8 26
Histopathology Forum 242 225 1069 4.75 87.72 18 57
Basel Ophthalmologie 2 203 247 1.22 11.37 2 3
Telecytology Basel 16 168 700 4.17 54.29 1 8
Iran Pathology Group 43 163 671 4.12 45.99 5 24
Radiologie Lorrach 7 162 1 0.01 9.53 1 1
Ukrainian Swiss Perinatal Health 113 159 308 1.94 60.53 27 40
Programme
AG Knochentumoren 52 140 993 7.09 118.66 28 29
AG Mamma- und 37 120 7 0.06 27.28 17 3
Gynakopathologie der SGP
Expertgroup Pathology Basel 33 119 336 2.82 26.34 10 15
Knochentumor-Kommission 35 91 429 4.71 74.90 2 15
Dresden 15 83 168 2.02 24.72 2 9
WGS 16 78 28 0.36 30.41 12 4
Basel Ovarzentrum 3 70 0 0.00 16.27 1 0
Zurich Neuropathology 11 64 2 0.03 11.81 4 2
Ethiopia Pathology 29 61 141 231 47.92 13
Hematopathology 43 52 243 4.67 66.58 10 24
Qualitatszirkel BV Pathologen 6 51 4 0.08 7.65 2 1
Sudbaden
Lithuanian Pathology online 50 46 116 2.52 55.89 9 10
Patholndia 218 43 206 4.79 96.00 9 34
Pacific Pathology Group 91 41 126 3.07 43.34 7 15
Novartis Ophthalmology 3 41 8 0.20 12.41 2 1
Basel Surgical Pathology 84 40 13 0.33 34.55 3 8
Donetsk Regional Telemedicine 188 39 49 1.26 41.08 7 6
Network
Nierenbiopsie-Diagnostik 27 36 4 0.11 31.19 2 1
Telecytology Honiara 19 35 143 4.09 52.51 4 10
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group name members  cases comments comment averagecase usersseding usersseding
per case views cases comments
Hepatopathology 8 35 16 0.46 12.94 4 4
Georgia Telemedicine 28 31 104 3.35 60.77 6 17
Basel Image Pool 31 28 5 0.18 53.54 3 4
SAKK 30/01 HOVON 43: Review 8 28 1 0.04 70.00 4 1
Umtata 32 27 85 3.15 61.52 2 15
Norodom Sihanouk Hospital, 25 25 89 3.56 58.00 4 15
Cambodia
Basel Oberholzer 62 25 25 1.00 50.52 5 7
Romania Neonatology 46 23 a7 2.04 55.57 9 15
Georgia Project 5 22 2 0.09 10.09 3 2
African Dermatology Forum 80 18 40 2.22 52.06 7 11
Basel Pathology Microscopy 46 18 14 0.78 44.67 5 7
RAFT - Forum 56 16 56 3.50 63.19 9 12
International Gynaecology, 147 16 13 0.81 45.94 5 5
Pediatric and Adolescent
Gynaecology
Leukemia Cytogenetics 8 16 23 1.44 31.31 1 5
Suisse DermoPratique 29 14 10 0.71 169.93 2 7
Basel Augenklinik 5 14 28 2.00 43.93 3 3
St.Gallen Pathologie 3 14 0 0.00 28.50 1 0
African Radiology and Ultrasound 186 13 30 2.31 48.38 8 11
Forum
Swiss Lung Pathology Group 15 13 12 0.92 44.38 5 4
(SLPG)
SAKK Leukemia group 19 13 17 1.31 31.38 4 4
SOL National Referral Medical 31 12 49 4.08 52.50 5 13
Center (NRMC)
Vietnam 12 12 29 2.42 32.50 1 4
Zytologie UKE Hamburg 5 12 16 1.33 14.67 1 2
SOL National Health Education 26 12 1 0.08 19.17 2 1
Center (NHEC)
Lung consult 16 11 13 1.18 90.00 3 5
Tropical Dermatology and 23 11 19 1.73 35.82 2 4
Venerology Forum
Bern Leukoplakie-Projekt 6 11 8 0.73 49.91 3 3
International Perinatal Group 81 11 9 0.82 20.82 2 2
Port St Johns, ZA 3 11 5 0.45 23.09 2 1
Pathologie Thun 33 11 2 0.18 55.18 1 1
Suisse DermoTeach 2006 5 11 0 0.00 32.82 2
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8. 1Path — a Telemedicine Platform to
Support Health Providers in Low
Resource Settings

K Brauchli (1), D O’'Mahony (2), L Banach (3) and M Oberholz&j (

1) Department of Pathology, University Hospital Basel, 3ailand
2) Family Practitioner, Port St Johns, South Africa
3) Telemedicine Unit, University of Transkei, South Africa

This article has been published®tud Health Technol Infori2005;114:11-7.[22]

Abstract

In many developing countries there is an acute shortage dicalespecialists. The special-
ists and services that are available are usually concedtratcities and health workers in rural
health care, who serve most of the population, are isolaied $pecialist support[50]. Besides,
the few remaining specialist are often isolated from cgjlezs. With the recent development
in information and communication technologies, new opfmrtelemedicine and generally for
sharing knowledge at a distance are becoming increasieghsaible to health workers also in
developing countries. Since 2001 the Department of PagiyotoBasel, Switzerland is operating
an Internet based telemedicine platform to assist healtlker® in developing countries. Over
1800 consultation have been performed since. This papkegwa an introduction to iPath - the
telemedicine platform developed for this project - and gs@kwo case studies: a teledermatol-
ogy project from South Africa and a telepathology projeotrirSolomon Islands.
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8.1. Introduction

Health providers like doctors and hospitals in developiogrtries often suffer from limited or
non-existing access to specialists[iLg, 50,75, 130]. Fampte, the National Referral Hospital
(NRH) in Honiara, the only major hospital on Solomon Islasdsves a population of approxi-
mately 450’000 people and there is not a single pathologisteermatologist. In 2001, a sim-
ple histology laboratory was set up in Honiara. Microscagides are prepared in the lab and
subsequently photographed with a digital camera and stdmmra email to an Internet-based
telemedicine platform located at the University of Basetljtderland. Several pathologists in
Europe review these images and within 8.5 hours (mediandgndsis is made available to the
surgeon in Honiara[18].

Following the successful example of telepathology in Homiather projects started using that
telemedicine platform and now there are approximately #&gtiations from developing coun-
tries every month. While pathology had been the first appbosg, there are now several tele-
dermatology projects in Africa using this platform and ats® large project for neonatology
consultations in Ukraine.

In all these examples, telemedicine is not used directlyhieypatient but primarily by doctors
and nurses who need the additional input from specialist®poove the services that they are
delivering.

8.2. iPath - a Hybrid Web and Email Based Telemedicine
Platform

Since 2001, the Department of Pathology of the Universitgpital Basel has been developing
the iPath software (http://ipath.ch), an open source freonle for building web and email based
telemedicine application[l16, 21]. iPath provides the fiomality to store medical cases with
attached images and other documents into closed user g@tipBigB.1). Within these groups,

users can review cases, and write comments and diagnogigickally, users can subscribe for
notifications so that they get an automatic email if e.g. a cemwment was added to one of their
cases or if a new case is entered into a group.

Technically, iPath is a web application written in PHP. Frtima functionality it is somewhere
between a content management system (CMS) and a group-exdreAll users are organised
into several discussion groups. Every discussion grouptiaast one moderator who can assign
other users to the group and who can delete erroneous data, the system does not need to
be administrated centrally as every group is administgatself|18].

A very useful function of iPath, especially for areas withilied resources is the automatic email
import. Users must once specify a group into which they wdilkkglto store cases sent by email.
Then they can send a case to iPath as an ordinary email froraraay client, typing the case

title as the subject of the email, the clinical descriptismaain text and simply attaching images.
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6648 ETHIOP_20050221 004 @ Type Sender group:
Subtitle: bone tumaor congil jakob Ethiopia Pathology
2005-02-21 12:29:07 [referral]

Description

F 20

Swelling over right big toe for & months, Occasional pain since 3 years. History of trauma to the area.
Gross: ulcerated mass an the toe, Cut surface: solid, brownish, vanegated,

Chinical diagnosis: Malignant tumor.

Last modified: 2005-02-21 12:07:29

Images (9)
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Comments | add comment (new window) |

Sender Comment

’ We made the diagnosis of a giant cell tumor of the bone. However, there is ﬂ

jakob striking amount of ostecid (and even bone) formation; can we rule out an

{2005-02-21 20:34) osteosarcoma? -1
Yes, | think you can rule aut osteasarcoma. In anothar location this might be ta

von Hochstetter called solid aneurysmal bone cyst. In the small tubular bones, the same

(2005-02-22 00:05) pathologic process is often called giant cell reparative granuloma. Although

middle and proximal phalanges, as well as other tubular small bones of hands
and feet are mare cormmenly involved than the distal phalanges, GCRG does
occur in that location. We have sean thres cases involving the distal phalanx, in
one of which the bony structure was nearly totally destroyed, leading to
amputation. Hew big is this tumor? -

Figure 8.1.: A typical case in iPath. This is an example of a telepathologgsultation from
Ethiopia. At the top there is the general case informati@mder, submission date) followed by a
clinical description and an image gallery. Below, spestalcan state their comments and diagnosis.
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Users Cases Images dailylogins submissions
(2004) by email

total 1213 5016 33247* 38 32.12%
developing 84* 1798 14006 74.17%
countries

Table 8.1.: Usage statistics of iPath (24.12.2004)
* average file size 93KB. Besides images there were anott@t B&s (pdf, powerpoint etc)
** only 47% of users specified country of origin.

iPath will automatically import such cases into the groupcsired. Table 1 illustrates that out
of 1798 cases submitted from developing countries, 74% adenitted by email (compared to
32% of all case submissions world wide)

The iPath software has been released as an open sourcet phajecan be used for regional
networks and by other projects. Currently, the main usaglaih is the telepathology network
at the University of Basel with over 1000 users world widé. (cSection[8.Z11). However, we
are aware of iPath being used for regional telemedicine ovésnin South Africa, Nepal, North
West US, West Africa, Switzerland and in Germany. Howeverthe code is freely available,
there might be more applications that we are not aware of.

8.2.1. Telemedicine Platform at the University of Basel

Since 2001, the Department of Pathology of the Universitgpital Basel, Switzerland, is op-

erating an open telemedicine platform based on H’Eiﬂfn, 21,113]. In the beginning the plat-

form was mainly used for telepathology projects in Switaed and for collaboration with some

pathologists in developing countries. Meanwhile, thefptat has over 1300 users and more
than 5000 cases have been discussed so far (c.f[Tab. 8sijleBehe pathology projects at our
department, the platform is used for a wide range of appdinatfrom telepathology on Solomon

Islands[13] to neonatology discussion in Ukraine (59 yserseledermatology consultations in
Africa (over 50 consultations)

Table[8.1 shows the basic usage statistics of this platf@ythe end of 2004 there were 1213
users of which 84 had specified coming from a developing egyonly 47% of all users spec-
ified a country of origin, so probably there are more form digvieg countries). Since the start
of the project in September 2001 a total of 5016 cases witllyd@3247 images have been sent
to the server - on average 6.7 images per cases. The average size was 93KB. If we look
at developing countries only, there were 1798 cases sidaiitith a total of 14006 images - on
average 7.7 images per case. For the year 2004 there wasragewe 67 consultations from
developing countries submitted every month. Fiduré 8uaitates the origin of all these con-
sultations. The largest contribution was from a telepatfplproject at the Sihanouk Center of
Hope in Phnom Penh, Cambodia, which submitted over 700 cases

Ihttp://telepath.patho.unibas.ch
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Figure 8.2.: Consultations submitted from developing countries siheestart of the iPath server
in Basel in September 2001. Two major parts of the submissaoa from the telepathology projects
in Cambodia (743) and Solmon Islands (471).
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Figure 8.3.: Distribution of image size for consultations submitted e Basel telepathology
server. From September 2001 to December 2004 a total amb@82d7 images with an average
file size of 93KB have been submitted (c.f. Talld 8.1).
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8.3. Case Studies

iPath is used for a wide range of telemedicine applicatidosllustrate the practical application
and outcome in low resource settings we will study two exaspl

8.3.1. Teledermatology in Port St. Johns, South Africa

Port St. Johns is a small provincial town on the east coasbaftSAfrica. It is located in the
former Transkei which used to to be an 'independent’ hontethrring the apartheid. Now, the
region is one of the poorest in South Africa. In the rural F&irtlohns district, the population
numbers about 75 000, the majority of which lives below theepty line. Primary health care
is provided mainly by nurses at state funded clinics, sujggoby general practitioners in the
public and private sectors. In the last decade, the numbdoctbrs in the district has varied
between two and six. The referral hospital at Umtata is 100dfstant but since 1998, has no
had a specialist dermatologist permanently. At times tbeedt dermatology specialists was in
East London, 350km from Port St. Johns. Hence, family piangrs have to diagnose and treat
practically all dermatology problems (~15% of all constittas). To improve access for pa-
tients to dermatological care and to improve family praatier clinical skills, a teledermatology
project was initiated in April 1999[116]. The project satwith email based store-and-forward
teledermatology, and since 2002 it is using iPath. In theyear the server in Basel was used but
since 2003 the Telemedicine Unit[116, 138] of the UnivgrsitTranskei (UNITRA) in Umtata

is running a regional telemedicine network based on théniBafttware (http://telemed.utr.ac.za)
which is now being used by the teledermatology project irt BorJohns.

For the telemedical consultations images are capturedandifital camera (first an Olympus C-
1400XL and later an Fuji 2 mega-pixel). Images were resizauguAdobe Photoshop or GINdP
In the beginning images were submitted by plain email withcited pictures. However, text and
pictures easily got separated and misfiled. Thus patieatnmdtion and images were compiled
into an HTML page which worked well but was a very time consugrprocess. Finally, using
iPath, clinical information and images are sent by plainietodhe iPath server, where they are
automatically inserted into a database and presented tettmatology specialist in form of a
concise web page. Besides the ease of use, the automatimentifaiations system of iPath has
also helped to reduce turnaround times. From an averagensspime of over 30 days, it is now
at 6.5 days since consultation are done using the iPatloptatit UNITRA.

Since 1999, 110 patients from Port St. Johns have been diagnesing teledermatology. 76
patients where female and 34 male with an average age of 32.yleal05 cases a telemedical
diagnosis was possible and in 104 cases this assistancedgesj helpful by the general prac-
titioner (GP). For 57 cases, the telemedical diagnosisledan improvement of the treatment
(unpublished data, an evaluation of the project is in pragpam). The major outcome however
is not only the direct improvement for the patient but alse fiict that teledermatology helped

20Open Source image manipulation program - http://www.gorgp.
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the GP to improve his skills in diagnosing and treating deohogy problems appropriately, or,
citing the GP: "The number of cases dropped off over the yealss is definitely due to my
improved skill in diagnosis due to learning.”

8.3.2. Telepathology on Solomon Islands

The National Referral Hospital (NRH) in Honiara is the onlgjor hospital in Solomon Islands,
an independent state with approximately 450°000 inhabstatucked away in the south west
of the pacific ocean. The NRH is the only referral hospitaltfae 8 provincial hospitals. The
country has about 40 doctors but not a single pathologistcandequently tissue samples for
histological examination have to be sent by airmail to therest pathology service in Brisbane,
Australia and it is not unlikely that the doctors at the NRHé#o wait 3-6 weeks before the
histological diagnosis is returned from Brisbane. Besitles state of Solomon Islands consists
of over 900 islands, spread out over hundreds of kilometasients from remote islands have
to travel by boat for days to reach the hospital on the maamisl For many patients it is difficult
to return home to wait until a diagnostic result has arrivetha NRH and as a consequence,
treatment decisions often have to be made without a histbdiagnosis.

A small histology laboratory was established at the Nati®aderral Hospital (NRH) in Honiara,
Solomon Islands, in September 2001, allowing the preparatf H&E stained sections. Gross
specimen are prepared by the surgeon, processed in thetatyoand the slides are usually
ready two or three days later. From the microscopic secpoagared in this laboratory, digital
photographs are taken using a Nikon CoolPix 990 Camera radum a Nikon OptiPhot 2
microscope. These pictures are usually scaled to approedyr@00x400 pixels (typically 20KB

- 70KB) then sent via email to the telepathology server awehsity of Basel[18].

During a two year period from January 2002 and December 2@6&bof 333 pathology con-
sultations where submitted from NRH to the telepathologyesein Basel. These consultations
were submitted by email with a short clinical descriptiom avith images as attachments (av-
erage 8.8 images per consultation). In 50% of all consohata first report from a pathologist
was issued in 12h or less (cf. Tablel8.2).

A major improvement in the project was the introduction ofréual institute[211| 18]. A virtual
institute is a group of experts with a duty plan. Every week specialist is 'on call’ and the
iPath system automatically notifies the 'expert on call’ attemy new cases and also about new
comments from other experts. Besides, the expert on calbglesd to mark a diagnosis as final
if in his or her opinion, a diagnostically conclusive respemvas possible based on the submitted
material. This organisation helped to reduce the turn atdime for diagnosis from 28h in the
beginning (phase | in table9.1) to 8.5h after the introdarctf the virtual institute (phase ).
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Phasel Phasell total

Number of consultation 73 260 333

First response after (median) 28h 8.5h 12h
Consultation possible 93.2% 94.2% 94.0%
Additional images requested  24.7% 10% 13.2%

Table 8.2.: Telepathology consultations from National Referral Hadgh Honiara, Solomon Is-
lands. Phase | are the consultations before the introduofithe virtual institute (cf. text) which is
the time from January 2002 to October 2002. Phase |l desctifmesituation from November 2002
to December 2003 after the introduction of the virtual tngé. The second line indicates the median
time between submission of the case by email and the firsbnsgpfrom a pathologist. (Figure from
Brauchli et al. 2004)

8.4. Discussion

When iPath was developed it was not primarily intended ftanteedicine in low resource set-
tings, however, it turned out that an easy to use telemealgmtution which does not have high
demand on bandwidth can be a very helpful tool in developtmmtries. The platform has been
very well used by health professionals working in develgmnountries to consult with special-
ists from other parts of the world to overcome the professiolation often present in remote
hospitals and to improve their skill and services they cdiveieto their patients.

Looking at the usage of iPath over the past 3 years we canvaaerumber of different types of
applications. Firstly there are remote consultations wlgpically a doctor at a remote hospital
consults with a group of distant specialists. Secondlyeli®a growing number of general dis-
cussion groups (not only on iPath) where specialists wgrkirisolation are sharing knowledge
and experience with distant colleagues. Besides, iPatlore snd more used for decentralised
studies, where a number of partners are jointly collectiaig@n a special topic (research, qual-
ity control, etc). Data can be text, images and also custamddor capturing structured data.
The advantage of an Internet based solution is that evetygrazan at any time review the whole
collection and compile statistics.

As iPath is developed as an open source project and digtdhwitder the General Public License
(GPLE) its use is not restricted to the telemedicine server of thvéssity of Basel. The open
source license allows other projects to use iPath and atd&ptheir needs. As telemedicine
is primarily used by specialists in centrally located ingtons, it bears the risk of inducing a
digital divide within a developing country if the peripheny the health system is not involved
in the development of the network|53]. Besides there amnafultural differences and language
barriers that are difficult to address in large internatiggrajects. The open source nature of
iPath allows such adaptations and it is easily possiblepmokice working regional solutions as
free and open source software can be adapted and distributed

3Free Software Foundation - http://www.fsf.org
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Abstract

The National Referral Hospital in Honiara, Solomon Islaridss used an Internet-based system
in Switzerland for telepathology consultations since 8efiiter 2001. Due to the limited band-
width of Internet connections on the Solomon Islands, anilemarface was developed that
allows users in Honiara to submit cases and receive repprsriail. At the other end, consul-
tants can use a more sophisticated Web-based interfacallbvas discussion of cases among
an expert panel. The result is a hybrid email- and Web-basegathology system. Over two
years, 333 consultations were performed, in which 94% adsasuld be diagnosed by a remote
pathologist. A computer-assisted 'virtual institute’ @tpologists was established. This form of
organization helped to reduce the median time from subomnssi the request to a report from
28 h to 8.5 h for a preliminary diagnosis and 13 h for a final repé final report was possible
in 77% of all submitted cases.
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9.1. Introduction

The National Referral Hospital (NRH) in Honiara is the onlgjor hospital in the Solomon
Islands, an independent state with approximately 450,0B84itants, in the south-west of the
Pacific Ocean. The NRH is the only referral hospital for thgheiprovincial hospitals. The
country has about 40 doctors but not a single pathologistcandequently tissue samples for
histological examination have to be sent by airmail to therest pathology service, which is in
Brisbane, Australia. With the decline in tourism after thalcisorder in 1999, transport to the
Solomon Islands has become even more limited. It is commmihédoctors at the NRH to wait
for three to six weeks before a histological diagnosis islalvke from Brisbane.

Patients from remote islands have to travel by boat for dayach the NRH on the main
island. For many patients it is difficult to return home to taitil a diagnostic result has arrived
at the NRH and, as a consequence, treatment decisions atentt be made without a firm
histological diagnosis. Recent advances in telecommtiaoicaand telemedicine suggest ways
of overcoming such problems. There is growing evidenceerliterature that telemedicine is a
feasible tool, even for countries with less well developgddommunications infrastructure[44,
49,1130/ 126, 140, 143, 167]. However, most of the reportbwligia teledermatology[126, 130]
and teleradiology[49], and there is little published exgece in the field of telepathology in
developing countries (only one citation in PubMed|101]).

We have therefore employed iPath, a hybrid Web- and ema#déelemedicine system devel-
oped at the University of Basel[15,121, 113]. Basically,tiP& a collaborative platform that
allows a group of specialists to discuss cases; these tiypocansist of a clinical description and
attached images or other multimedia objects. A speciatfeadf iPath is that it offers static
as well as dynamic telepathology[32] and also severalfates for access to data. A user can
work via an email or a Web interface, but there is also theipiisg of interactive remote con-
trol of a robotic microscope. iPath is available as freevgafe[69]. In October 2001, when the
project was started, the Solomon Islands telecommunitafpoovider had a 128 kbit/s link to
the Internet, which had to be shared by all Internet userisarcountry. Because of this limited
bandwidth, only static telepathology was practicable.

9.2. Methods

A small histology laboratory was established at the NRH imidm in September 2001 that was
able to prepare sections stained with haematoxylin anched$ie processing of the specimens
was done manually, because the repair and maintenance epanialized automatic equipment
are difficult. The gross specimens are prepared by the surged the slides are usually ready
two or three days later.

From the microscopic sections prepared in this laborattigital photographs are taken using
a digital camera (CoolPix 990, Nikon) mounted on a microsc@ptiPhot 2, Nikon). These
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pictures are usually scaled to approximately 600x400 piggtically 20-70 kByte) then sent
via email to the telepathology server at the University cf&a

The telepathology server in Basel is based on ilPath[69]gifaily, iPath was developed as a
consultation platform that offered access through a Welwdea However, the experience in
the Solomon Islands led to the development of email-basegsac The server can automatically
import cases from email. The email text is stored as the caserigition and the attached images
are placed in an image gallery.

These cases are then reviewed by an international grouptlodlpgists. These pathologists are
organized as a 'virtual institute’ (VIRIN_[21]) using thexpert group’ facility of iPath. Asin a
real institute, there is always one pathologist on call. Waeew case arrives, the pathologist on
call is automatically notified by email. The pathologisthilien use the Web interface to review
the case (Fig9l1).

If a diagnosis can be given easily, the expert on call will@ywrite the diagnosis and label it
as final. The system will then close the case and send thealaggutomatically to the NRH by

email. If the case is more complicated, the expert on call staie a preliminary diagnosis and
then link the case to the VIRIN. Other members of the VIRINiafermed of the case by email
and can report their opinion. These opinions are collectsiié the VIRIN and are not directly
accessible to the sender of the case. Finally, the experalbwitl summarize the opinions of

his or her colleagues and will write it down in the originakeareport. The referring doctors
can read this diagnosis online or, in places where online &éelkss is difficult, the server can
automatically send the final diagnosis by email.

9.3. Results

Between January 2002 and December 2003, 333 pathology ltatitus were submitted, by
email, from the NRH to the telepathology server in Basel.sEh@nsultations comprised a short
clinical description and images as attachments (an averb8 images per consultation). In
50% of all consultations, a first report from a pathologissussued in 12 h or less (TallleP.1).

The cases were submitted in two phases: phase | includeskai$that were submitted before the
introduction of the VIRIN in October 2002, while phase llinded all cases submitted thereafter.
During phase I, 73 cases were submitted. During this 10-mp@tiod, the pathologists were not
organized in any particular way. Every pathologist woulgl iloto the system now and then and
report on new cases. As Talfle]9.1 illustrates, in 50% of tkesa response from a pathologist
was made no later than 28 h after submission of the case (oage/ithin 32 h). In 25% of all
submitted cases, the pathologists asked for additionajémand requested a specific location
and magnification for these images. Overall, in 93% of thesathe submitted material was
suitable for at least some degree of diagnostic interpogtat

One of the major problems with this method of collaboraticeswhat the doctors in Honiara
were left to surmise a conclusive diagnosis from the commehthe different pathologists.
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Figure 9.1.: The iPath Web interface. Every case consists of a headerinfittimation about the
sender, date and title, followed by a clinical descriptiod an image gallery. Images can be enlarged
and the experts can enter their comments and diagnosis laptiwen of the page.

Table 9.1.: Telepathology consultations from the National Referraspital in Honiara

Phase? Phase It Total
Number of consultation 73 260 333
Median time to first response (h) 28 8.5 12
Consultation possible 93.2% 94.2% 94.0%
Additional images requested 24.7% 10% 13.2%

aPhase | consultations took place from January 2002 to Oc&if#?, before
the introduction of the “virtual institute” (VIRIN).

bPhase Il consultations took place from November 2002 to Deee 2003,
after the establishment of the VIRIN.



Table 9.2.: Results of the virtual institute

Results from 260
consultations (phase 1)

Median (mean) time to final diagnosis (h) 13 (31)
Consultations with final report 77%
Second-opinion consultation in the VIRIN 17%
Median (mean) time to final diagnosis after 74 (89)
VIRIN consultation (h)

Mean number of second opinions in the VIRIN 3.7

This led to the idea of forming a VIRIN, where second-opinb@mmsultations were gathered in a
closed discussion among the pathologists. Eventually atieppgist summarized the discussion
and attached a conclusive response to the original case. ré@sponse was then automatically
emailed to the doctors in Honiara.

The software to support the VIRIN was developed during Cetd9)02 and in November the
eight participating pathologists were reorganized as dNIR duty plan was prepared and each
week one pathologist was on call. The iPath system autoatigticotified the pathologist on
call about any new cases and also about new comments frompzttielogists. In addition, the
pathologist on call was asked to mark a diagnosis as final fis or her opinion, a diagnostically
conclusive response was possible based on the submittediahat

In phase II, from November 2002 to December 2003, a total 6fc26es were submitted. In 50%
of the cases the response time for a preliminary diagnosidesa than 8.5 h (mean 22 h) (Table
B.1). In 77% of all submitted cases, the pathologist on agdhsitted a final diagnosis (Table
[@.2). The median response time for a final diagnosis was 13hrfr81 h). Eighty-three per cent
of these cases were signed out directly by the pathologidubnwithout further consultations,
but in 17% a second opinion was requested from the VIRIN. Ganagye, these cases received
3.7 comments from the VIRIN and for the cases discussed iVIR&N a final diagnosis was
available after a median of 74h (mean 89h).

It is noteworthy that, for the 260 phase Il cases, a consoittavas possible in 94% and only
77% were signed out with a final diagnosis. In other words, % d the submitted cases the
material was not sufficient for any kind of medical interptein. The main reasons were tech-
nical problems or communication failures. For a further 1a®all cases, a preliminary medical
interpretation was possible, but the material submitteldndit suffice for the experts to reach a
conclusive diagnosis.

9.4. Discussion

Telepathology dramatically reduces the time from specigwlection to results. The system
established in the Solomon Islands is fast, convenient had The relatively quick results are
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a great relief for the patients, and for the relatives whorasponsible for providing food and

basic services for the patients while they are in hospitiaé rapid results are also very helpful for
the doctors and help to overcome the professional isolatlunh is a problem in remote places
like the Solomon Islands. In particular, the direct int¢i@t with the remote pathologist is a
great benefit for the surgeons in Honiara. Finally, any redodn hospitalization time should

reduce costs and pressure on bed space.

The two years of using the system have shown several adwentdghe hybrid system:

1. Consultants mainly work with the Web-interface and ttheytcan see all the cases and
comments, and can easily identify difficult cases, such@sgtthat have been erroneously
submitted twice. Probably the most important advantadeaisthe experts can collaborate
easily and discuss difficult cases within the expert group.

2. The email interface has proved to be very efficient in tesiisoth time and resources for
the submission of cases and receipt of reports. The emaifate does not implement all
functions, but there is always the possibility of lookingallprevious consultations using
the Web interface.

3. System administration is very simple. Most settings caradjusted by the users them-
selves.

There are also some disadvantages and limitations. Sommgaf the consultants is necessary
for their proper collaboration in a virtual institute. Theé necessary to organize and train the
experts should not be underestimated. There are also somitations that are inherent in all
types of store-and-forward telepathology. The main pnolkethat it is possible for the operator
in Honiara to miss areas important to the pathologist whieimggpictures from the slides. This
could be a pitfall, although a comparison (unpublishedheftelepathology diagnosis with the
diagnosis based on reviewing the original glass slides hawrs that in our series this is not a
serious problem in practice.

In addition, taking pictures, processing and sending theguire some time and therefore ded-
ication. Thus it is important that the benefits are clearbible in Honiara. Another specific
limitation lies in the remoteness of the Solomon Islandisdmuch more difficult to get broken
equipment repaired than in Europe. It is therefore impaotmohoose equipment for robustness
rather than performance.

There are also some areas that need to be improved:

1. A major limitation is the insufficient laboratory spacatis available in Honiara. How-
ever, now that the positive results of the project have be&cobvious, it will be much
easier to convince the hospital administration of the irtgpuze of such a laboratory.

2. Asubstantial number of samples are still sent to the padiydaboratory in Brisbane and it
would be helpful to improve that collaboration. For reasohguality control and ongoing
training, collaboration with a relatively nearby pathojagstitute remains desirable.
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3. There is a major need for cytology as well as histologyisesv It would be desirable to
develop sampling procedures that allow an acceptable éévelecytology quality control
for cytological diagnosis without a resident specialist.

4. A fully automatic scheduling system needs to be develdpetthe telepathology software
(iPath). This should include adjustable, automaticallyesuised time limits for each sub-
process (first response, final diagnosis) so that if an edpex not respond, another expert
or an administrator is automatically informed. Such su&m would prevent some cases
from being overlooked.

Our experience is that it is not difficult to produce goodgyailides in a simple histology labo-
ratory and send them by email to an expert on the other sideeaforld to provide a diagnosis.
Once set up properly, this is cheap and reliable, and wouldseéul for other remote places
where there is no histopathology service.
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10.1. Introduction

Telepathology or tele-medicine at large is the practiseabivdring medical services at a dis-
tance using telecommunication and information techne®diCTs), thus transporting a special-
ists knowledge to the patient rather than the patient to pleeialist. In telepathology such a
service consist of delivering an anatomical pathologicagdosis based on microscopic images.
This involves preparation of tissue and capturing of miopc images at the remote site and the
viewing and reporting of these images on a computer scredregiathologists site. This can
be achieved by means of dynamic telepathologyl42| 111, 136] using a remote controlled
robotic microscope allowing the remote pathologist toddlee field of view and magnifications
or by the so called static-image or store-and-forward tlepogy[107, 153]. More recently, vir-
tual slide technology has become increasingly availalieyang the digitisation of a complete
microscopic slide[58, 157, 158].

While dynamic telepathology and virtual slides are relinexpensive technologies and require
a relatively high bandwidth, static-image telepathologg fiound broad applicatian[7,132,! 38,
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162]. Many studies on the diagnostic accuracy of static enatgpatholoy have been performed
and demonstrated the feasibility of the method[8, 139, 64,8297, 163] usually under the
precondition that the submitting partner is himself a pltyist who has the necessary training
of preparing tissue specimen and selecting relevant imageesr the micrscope. In the presented
study we will look look at the situation where the submittipartner (non-expert) is a small
hospital in a developing country with no resident pathadagi

Solomons Islands is an independent state in the south vaegfteof the ocean with a population
of about 450’000 people living on the almost 1000 islandanfag a scattered archipelago of
mountainous volcanoes and low-lying coral atolls stretglaut over about 900 miles in the south
west of Papua New Guinnea. The only major hospital in the tgus the National Referral
Hospital (NRH) in Honiara on the central island of Guadaddastaffed by about 20-30 doctors.
There is one radiologist, but no pathologist, ophthalmisiogr dermatologist. Consequently,
tissue samples for histological examination have to be Isgmtirmail to the nearest pathology
service, which is in Brisbane, Australia. With the declinetourism after the period of civil
disorder in 1999, transport to the Solomon Islands has be@an more limited. It is common
for the doctors at the NRH to wait for 3-6 weeks before a higjmlal diagnosis from Brisbane
is available.

In September 2001, a small histology lab was establishedR&t &hd since then over 400 cases
have been diagnosed over a telepathology link with the Usityeof Basel, Sweitzerland. Usage
of electronic communication and an efficient organisatiba tele-consultation service resulted
in an average turn-around time for a diagnosis of approxpdi2 hours after submission of the
images[18, 22].

To establish the diagnostic accuracy of static-image &thepogy under these conditions, the
original glass slides were reviewed by an experienced p&gisd and the results compared with
the original telepathology diagnosis and where availabtk the report from the pathology de-
partment in Brisbane.

10.2. Material & Methods

10.2.1. Telepathology System

The telepathology link between the National Referral Htadjm Honiara (NRH) and the external
pathologists is implemented using the iPath telemedintoptal18,/20]. As there is no resident
pathologist at NRH, tissue specimen are selected and me@parHoniara by the surgeon. In
a small histology laboratory, all samples are processedtaffin blocks, cut into sections of
4 —6um and finally stained using hematoxylin and eosin (HE (Hemg@ioXEosin)) by a team
of two laboratory technicians.

Susequently, important areas of the slides are identifigtiégurgeon and photographed using
a digital camera (CoolPix 990, Nikon) mounted on a microgc@ptiPhot 2, Nikon). These
pictures are scaled to approximately 640x480 pixels (8i)i20-70 kByte) then sent via email
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to the telepathology server at the University of Basel. HEnransmission was done over a
33kb/s modem connection using a conventional telephoreedimd Solomon Telkom dial-up
internet services. Although modem speeds of up to 56kb/s\a#able in Honiara, using the
slower protocol at 33kb/s gave a more stable conenctionesuted in a better overall working
experience for the surgeons in Honiara.

The iPath server imports these emails automatically evBrynih and transfers them into the
case archive of the “south pacific” group which is one of ald®@ working groups on the iPath
server at University of Basel. A confirmation of the recegpséent to NRH by email and the
system administrator and the “pathologist on duty” aretateby email. The expert pathologists
are organized as a 'virtual institute’ (VIRIN[21]) usinggttexpert group’ facility of iPath. As in

a real institute, there is always one pathologist on callewa new case arrives, the pathologist
on duty is automatically notified by email. The pathologis then use the Web interface to
review the case (Figg.1).

If a diagnosis can be given easily, the expert on call wiltethe diagnosis and label it as final.
The system will then close the case and send the diagnosisatically to the NRH by email.
If the case is more complicated, the expert on call may staelaninary diagnosis and then
link the case to the VIRIN. Other members of the VIRIN are infed of the case by email
and can report their opinion. These opinions are collectsé the VIRIN and are not directly
accessible to the sender of the case. Finally, the experlbwil summarize the opinions of his
or her colleagues and will write it down in the original caspart, which is again automatically
forwarded to Honiara by email. All participating patholstg as well as the doctors at NRH can
also access the whole case archive online at any time.

10.2.2. Review

Out of totally 333 case submissions from the first two yeatelepathology at NRH a collective
of 280 cases have been selected for reviewing the diagropsdidty. This collective includes all
clinical cases for which the original glass slides coulddteé@&ved from Honiara. Test cases and
cases submitted for instructional or educational purpodg were excluded. For some of the
cases included in the collective, a tissue sample was alsuitted via airmail to the Queensland
pathology deparment in Brisbane. For 125 cases the repontBrisbane was available.

Out of the total collective of 280 a review was possible foll 2ases. 1 case was prepared in
the lab but never submitted by Telepathology (TP). 18 cass®e wxcluded - in 14 cases the

TP diagnosis was deferred and in 4 cases a review diagnosisetgossible on the available

material. Finally, 261 cases of the initial 280 cases sete23.2%) could be used for comparing
the performance and diagnostic accuracy of the telepajaet-up.

For all 261 cases, the original glass slides were reviewadywnventional light microscopy
by experienced pathologists (N.H.) of the Department afi®lagy in Basel. All diagnosis were
graded as simple, medium or complex - indictating the corifyl®f rendering a diagnosis for
the presumed type of dissease based on H&E stained slidgs Additionally the reviewer
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classified every slide according to the quality of histotogieparation, sampling of tissue and
selection of images.

All review diagnosis were then compared with the originaldi&nosis and where available with
the diagnosis from Brisbane. All diagnoses were gradedrdoupto the discrepancy between
the TP diagnosis, review diagnosis and diagnosis from Brisb The following grading was
used:

1. identical (complete concordance)
2. minor discrepancy (indentical from clinical point of wig

3. moderate discrepacy (clinically not important with nefgato treatment options available
in Honiara)

4. marked discrepancy (clinically important)

Finally, the value of the telepathology diagnosis for thetfar treatment of the patient in Honiara
was noted for all consultations.

10.3. Results

10.3.1. Material Submitted

The collective of 261 cases included in the review consistdtsue samples form 137 female

and 124 male patients with an age ranging from weeks old tae88sy(cf. fid.10J1). Tissue sam-

ples submitted represented all organ system (cf. {ablé) &dd many typical classes of disease
encountered in pathology (cf. talile10.2).

During the whole study 1844 images were submitted via TP -verage of 7.1 images per case
ranging from 3 to 20 images per case. 1709 images (92.7%) sudmaitted with the original
case submission. In 48 cases the pathologists asked forimages — 42 times for additional
fields of view and 6 times for stronger magnification. In 20hede cases additional images were
submitted. In an addional 6 cases the surgeons from Honiraited additional images on their
own account. A total of 135 images (7.3%) were submitted afie original case submission.
Out of the total of 1844 submitted images, 1796 (97.8%) weselogical photographs, 11
macro photographs of tissue samples, 22 photographs oatiepand 15 x-ray images.

In addition to the images submitted by the surgeons in Hanitre pathologist also had the
option of adding images to the case archive. In 6 cases therteggthologist copied a low mag-
nification image from Honiara and illustrated inside theiosag from which additional images
should be submitted.

90



age distribution for patients at (HON)

- totelil
— male
0.020 _ — female
0.015 —
— RN
0.010 e
0.005 ? - \\
0.000 —~
M T T T 1
0 20 40 60 80

age

Figure 10.1.: Age distribution of the 261 patients included in the revigéudy. The bars illustrate
the effective frequency of each age group for the whole ctile. The lines indicate estimated
frequency distributions for the total collective and forlenand female patients respectively.

Table 10.1.: Topography of submitted material submitted from NRH.

organ cases (n=261)
Skin 36

Uterus (endometrium, cervix) 33

Breast 31

Soft tissue 28
Lymphnode 26
Prostate 14
Mucosa 11

Colon, Thyroid gland, Bone 10 (each)
Parotis (salivary gland) 6

Testes 5

Urinary Bladder 4

Ovary, Synovialis, Tube 3 (each)
D. deferens, Epidermis, Eye, Liver, Pharynx, 2 (each)

Placenta, Tendon

aaAppendix, Bursa, Cartillage, Dura Mater, Ear, 1 (each)
Esophagis, Gignivia, Lung, Mediastinum, Stomach,
Tongue
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Table 10.2.: This table summarises the diagnostic discrepancies famhivith respect the the class
of disease of the submitted material.

Class of disease

discrepancies

identical  minor moderate marked total
Manlignat 49 (58%) 6(7%) 13(15%) 16(19%) 84
Suspicious for malig. 2 4 2 1 9
Benigne 18 (64%) 5(18%) 3(11%) 2(7%) 28
Others/undetermined 6 1 2 3 10
Inflammation 40 2 6 2 50
Scar, fibrosis 3 1 4
Hyperplasia 22 2 1 25
Tuberculosis 7 7
Inflammatory polyp 7 1 8
Abort 6 2 8
Endometrium (cycle) 6 1 1 8
Ulcer 3 3
total 181 21 32 27 261

10.3.2. Diagnostic Discrepancies

In 181 cases (69.1%) all diagnoses were identical (TP, weaied Brisbane). 21 cases (8%)
showed minor and 32 (12.2%) moderate discrepancies whemairclinically relevant under
the circumstances given in Honiara. 27 cases (10.7%) egbili marked discrepancy between
the TP diagnosis and the review diagnosis or the diagnasis Brisbane. In 20 cases (7.7%)
the TP diagnosis was markedly discrepant from the reviegraiais.

In 7 cases (2.7%) the review diagnosis and the diagnosis Bosbane were different. These
inconsistent diagnosis are mainly to be attributed to samgiroblems. With small biopsies it is
often a problem that the material could not be identicallgred between TP and submission to
Brisbane. In the case of fine needle aspiration (FNA (Finedeaspiration)) for example, two
different samples from the seemingly same tissue are stézindne to Brisbane and one for TP.
It is thus possible that only one contains tissue of a tum8uch problems are not inherent to
TP, but may occur in routine pathology.

A glance at the distribution of the discrepant diagnosik ¢ab[10.2) reveleals that most cases
with marked discrepancies were encountered in the clasalgmnant tumours (16 out of a total
of 27). In the class of malignant tumour 19% of the TP diagaad®w a marked discrepancy.
For all other classes of disease together only 6.2% of a#sabowed a marked discrepancy
(total collective: 10.7%).

Based on the diagnostic and clinical problem, every casegvestted as simple, medium or com-
plex for diagnosis based on staic image telepathology. giaiding quantifies the pathologosts
“readyness” to commit a diagnosis based on the material aastipn presented on TP and was
done indepentenly form the review diagnosis. As figurelllQu&trates graphically, the majority
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Figure 10.2.: The grade of the TP dianogsis. 53% were judged as simple, 31fedium and 16%
as complex. In the group of diagnosis graded as simple, tlerityeof TP diagnosis were identical
to to the review diagnosis (84.7%) or showed only minor (5.8%moderate (5.1%) discrepancies.
Only in 6 cases (4.4%) the TP diagnosis was markedly diftefrem the review. For the medium
and especially for the complex diagnosis the percentageigorepancies was much higher - 13.8%
for medium and 20.9% for the complex diagnosis.

of case that were regarded as simple the TP diagnosis wasklda the review diagnosis (85%
complete concordance and only 4% marked discrepacies).

10.3.3. Problematic Cases

Table[I0.B illustrates the problematic cases that shovtiedrea marked discrepancy or for which
the value of the TP diagnosis was not graded as sufficientdatrhent. Of the 42 cases consid-
ered as problematic 20 showed a marked discrepancy betiwedrPtdiagnosis and the review
diagnosis based on the original slide.

The most commonly stated reason for discrepancy in {abl i$Gnsufficient image selection
which is mentioned 22 times. In 6 cases the reviewer camestodhclusion that no other reason
than a mis-interpretation of the images in TP can be idedt{fieP incorrect”). 2 cases exhibited
insufficient histological quality, in 2 cases the tissue gkemvas not representative to address the
clinical question of the submitting surgeon and in 2 casesrthjor problem was communication
— in case 11 for example, the pathologists full answer was: The consensus diagnosis is
Phylloides tumor. The dignity of this tumor should be asdes® multiple sections taken from
multiple areas ...”. The surgeon failed to submit additidneages and the pathologists also
neglected to specifically ask for additional images to berstibd.

10.3.4. Reasons for Diagnostic Discrepancies

In table[T0.B the reasons identified by the reviewing patjistare listed. The most prominent
reason is inadequate selection of images. “TP incorreditates that no other explanation than
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Table 10.3.: Problematic cases submitted from Honiara.

disrepancy Value of TP

class of disease sex age

i

1 marked sufficient for ~ malignant m 19 Suspected metastatic germ cell Suspected metastatic seminoma sampling error
treatment tumor
2 marked sufficient for  normal m 40 Vasitis nodosa Normal vas deferens
treatment
3 identical insufficient for inflammation f Chronic active cervicitis Chronic active cervicitis
treatment
4 identical insufficient for undetermined m 1 Biopsy possibly not representative,  Biopsy possibly not representative,
treatment no certain assessment possible no certain assessment possible
5 minor insufficient for suspicious for mali f 60 Tubulovillous adenoma with focal High grade dysplasia (G3), areas
treatment transformation into intramucosal highly suggestive of invasion
carcinoma (G3)
6 minor insufficient for suspicious for mali f 26 Breast tissue. No malignancy. More  Breast tissue. No malignancy. More
treatment samples samples. Cystosarcoma phylloides
cannot be ruled out
7 moderate insufficient for malignant f 50 Suspicious for malignancy Ductal carcinoma in situ image selection
treatment
8 moderate insufficient for inflammation f 22 Delayed desquamation, Chronic endometritis communication
treatment hvpersecretory endometrium
9 moderate insufficient for inflammation f 36 Premenstrual endometrium. No Chronic endometritis. No squamous
treatment squamous mucosa mucosa
10 moderate insufficient for malignant m 65 Pseudocarcinomatous hyperplasia. Squamous cell carcinoma image selection
treatment DD: Well differentiated squamous cell
carcinoma
11  moderate insufficient for malignant f 14 Phylloides tumour of uncertain Malignant phylloides tumor communication
treatment dianity
12 moderate insufficient for malignant f 39 Suspected papillary carcinoma of the Papillary carcinoma of the thyroid image selection
treatment thyroid
13 moderate insufficient for inflammation f 25 Nonspecific chronic lymphadenitis Lymphadenitis with microabscesses image selection
treatment
14  moderate insufficient for malignant f 32 DD: Squamous cell carcinoma in Infiltrating ductal carcinoma of the image selection
treatment phylioides tumor; Squamous cell breast
carcinoma of the skin
15 moderate insufficient for inflammation f 25 Proliferative endometrium Chronic endometritis image selection
treatment
16  moderate insufficient for malignant f 53 Suspicious for squamous cell Squamous cell carcinima image selection
treatment carcinima. No clearcut invasion
17 moderate insufficient for suspicious for mali m 38 Squamous cell carcinoma Possibly squamous cell carcinoma,  keratoacanthoma
treatment additional sections are needed to
exclude kerathoacanthoma
18 moderate insufficient for malignant f 43 Highly suggestive of squamous cell ~ Squamous cell carcinoma
treatment carcinoma
19 moderate insufficient for malignant f 44 Carcinoma of the breast Lymphnode with metastasis of a failed morphological
treatment breast carcinoma observation
20 marked insufficient for malignant f 50 Fibrous mastopathia. Focus of Carcinoma of the breast image selection
treatment uncertain dianity
21  marked insufficient for inflammation f 11 Normal appendix Appendix with some evidence of image selection
treatment inflammation. Severe periappendicitis
22  marked insufficient for malignant f 25 Normal skin Well differentiated squamous cell image selection
treatment carcinoma
23 marked insufficient for suspicious for mali m 50 Inflammatory polypous lesion. No Hyperplastic oral mucosa with mild to image selection
treatment dysplasia or neoplasia moderate dysplasia. Areas suggestive
of invasion
24  identical missleading inflammation m 15 Reactive changes. Fasciitis? Reactive changes. Fasciitis? Biopsy
probably not representative
25 moderate missleading malignant f 41 SCC: Squamous cell carcinoma paget’s disease and invasive image selection
carcinoma
26 moderate missleading malignant m 30 Metastatic germ cell tumor Metastatic poorly differentiated TP incorrect
carcinoma
27  moderate missleading scar, fibrose, gran m 22 fibrous callus, no granulocytes fibrous callus with acute and chronic image selection
infection, aranulocytes
28 moderate missleading inflammation m 22 granulation tissue with chronic soft tissue with chronic and acute image selection
inflammation, no aranulocvtes inflammation. aranulocvtes
29 marked missleading hyperplasia f 40 In situ melanoma Lentigo benigna. No malignancy image selection
30 marked missleading benigne m 12 Suggestive of a malignant tumor, Pleomorphic adenoma image selection
probably malignant non Hodgkin
lymphoma. More imaages needed
31 marked missleading malignant m 49 Dermatofibrosarcoma protuberans Squamous cell carcinoma TP incorrect
32 marked missleading malignant m 50 Lymphadenitis Malignant non Hodgkin lymphoma, TP incorrect
possibly T-cell angioimmunoblastic
33 marked missleading malignant m 65 Benign hyperplasia of the prostate Carcinoma of the prostate TP incorrect
34 marked missleading malignant f 14 Tissue from breast. No malignancy  Fascia. No metastases tissue sampling
35 marked missleading malignant m 68 Soft tissue with heterotopic bone. No Metastases of a prostatic carcinoma histology + image select
metastases
36 marked missleading undetermined m 70 No malignancy Prostata with atypical cells histology
37 marked missleading malignant m 38 No malignancy. Asking for additional Squamous cell carcinoma of the skin image selection
images
38 marked missleading malignant m 61 Moderate chronic prostatitis. No Poorly differentiated carcinoma of the TP incorrect
malianancy prostate
39 marked missleading malignant f 60 Condyloma accumminatum. No Condyloma accuminatum. image selection
carcinoma Additionally squamous cell carcinoma
40  marked missleading malignant m 50 No evidence of carcinoma Poorly differentiated carcinoma of image selection
prostate
41 marked malignant f 43 No tumor. No malignancy Cervical intraepithelial neoplasia image selection
arade 2 (CIN2)
42 marked malignant m 65 No evidence of malignancy Carcinoma of the prostate image selection
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Figure 10.3.: Development of diagnostic discrepancies over time. The eéiconsultation with
identical diagnosis in TP and review increased from 55% énfitst semester to 74.8% in the last
semester. Concsultations with discrepand diagnosis eliifjom 15% to 9.9%.

a failure on the side of the pathologist could be identified.

To analyse possible reasons for diagnostic discreparthe$ollowing four characteristics were
evaluated for all 261 case8ssue samplingquality of histologyimage selectiomndcommuni-
cation Table[IO.# summarises the results of this analysis. Toyaedhe correlation between
these factors and the diagnostic discrepancies, a mudixffewas performed on all tables. The
quality of histology does not show any significant correlatat all. Tissue sampling scoreg(a

of 26.5 which indicates a significant correlation (p<0.0Cpmmunication problems and espe-
cially problems with image selection occur much more ofteaases with marked discrepancies
between TP and review x? test shows a highly significant correlation (p<0.001).

10.3.5. Development Over Time

The study includes case submission from Septmeber 200 ter8ber 2003. In order to look at

the development of diagnosis over time, we grouped the d@tiguns into 4 semesters (groups
of 6 month each). Figure~10.3 illustrates the developmemh®fdiagnostic discrepancies over
time. The number of consultations with identical diagnasigP and review increased from

55% in the first semester to 74.8% in the last semester. lidh@unoted here that the absolute
amount of consultations also increased over time.

A similar improvement can be observed with regards to thdityuaf image selection by the
surgeon in Honiara who had to select a number of relevanteséay submission to the pathol-
ogists. The proportion of consultation for which the setatbf images was rated “relevant” by
the reviewing pathologist increased from 35% in the firstessber to 68.7% in the last semester.
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Table 10.4.: Reasons for discrepant diagnosis.

Tissue Sampling total identical minor moderate marked
representative 175 133 14 16 12
representative for 25 13 3 7 2
diagnosis, not sufficient

samples

not representative 12 5 1 1 5

no statement/other 49 30 4 8 7

X2 =26.5 (significant, p<0.01)

Quiality of Histology total identical minor moderate marked
very good 107 74 12 13 8
good 93 67 5 11 10
moderate 52 34 4 8 6
insufficient 9 6 1 2

X2 =4.29 (not significant)

I mage Selection total identical minor moderate marked
all relevant changes 156 132 8 9 7
documented

appropriate for diagnosis, 32 22 5 3 2
some findings missing

moderate in quality or 40 25 6 6 3
guantity, but sufficient for

diagnosis

insufficient 33 2 3 14 14

X2 =103.9 (p<0.001)

Communication total identical minor moderate marked
efficient 223 172 19 16 16
deficiency on case 26 6 (1) 1(1) 10(10) 9 (8)

submitter’s side
deficiency on both sides 12 3(2) 1(2) 6 (5) 2(2)

(values in brackets indicate major communication problem)

X2 =64.6 (p<0.001)
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Figure 10.4.: Development of the quality if image selection over time. Pphaportion of consulta-
tion with insufficient selection of images was reduced frdsBalin the first semester to 8.7% in the
last semester. The amount of consultation for which theciete of images was rated as relevant
almost doubled from 35% to 68.7%.

10.4. Discussion

Many hospitals in developing countries suffer from a lackn&dical specialists. Telemedicine
may provide a possibility to overcome this limitation thgbucollaboration with external spe-
cialists. A major limitation of telemedicine is the fact treome task that are conventionally
carried out by or under the supervision of one specialistinede divided between different,
geographically separated partners. In case of the teleljoghdiagnosis at NRH, preparation of
the specimen (grossing) is done by a local surgeon with noigp@aining in pathology. The
processing of tissue and preparation of slides is done bjattwratory in Honiara and finally
the selection of images under the microscope is carriedotitélocal surgeon. These tasks are
conventionally carried out or supervised by a fully traipadhologist.

This study analyses the consequences of such a separataskefind its effect on the diagnostic
accuracy of telpathology. Out of the 261 telepathology atiasons studied in this paper, 20
cases (7.7%) showed a clinically relevant discordancedmtvthe TP diagnosis and the review
diagnosi@. 181 cases (69.1%) showed complete concordance betweendlidew and 21
cases (8%) had minor and a further 32 cases (12.2%) had ntediserepancy.

The selection of images is generally considered as the nrobtgmatic step in static image
telepathology[95, 150, 163]. This obersvation is also suigal by this study, where we could

1if we also consider the diagnosis from the Queensland H&althology Department in Brisbane the figure is
increased to 27 cases (10.3%). The difference betweendgealis in Brisbane and our review are difficult to
asses as they have been carried out under very differenitmmsdand the material examinaed was not always
completely identical because in some occasions the susdemm Honiara had taken two biopsies and submitted
one to Brisbane and prepared the other for telepathology.
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demonstrate that the accuracy of a diagnosis correlatasgiyrwith the quality of image selec-
tion. This is especially problematic if the case submittéowgelects the images is not a trained
pathologist.

These results are comparable to other similar studiesZB, 150,163, 178]. In the probably
largest study of static-image telepathology, published\iljiams et al. in 2001[163] at the
Armed Forces Institute of Pathology (AFIP), 1250 seconahigpi consultations from patholo-
gists form all continents were reviewed. 73.7% of all reveevsubmissions showed complete
concordance and 97.3% recorded a clinically relevant colacwwe. A more recent study of
telepathology in rural India[38] that evaluated 92 coretidins, reported marked discrepancies
in 9.7%.

Another limiting factor that we observed was the quality ofremunication. In some cases the
pathologists asked for additional images or further cihinformation, but the request was not
followed by surgeon in Honiara. Similarly in some cases wlaglditional images or clinical data
were added by the surgeon the pathologists failed to reRiediagnosis. Ideally a telepathol-
ogy tool should help the users to solve this kind of commurooaproblem. Based on these
experiences the iPath platform was extended with some tbatshelp to improve the flow of
communication between pathologist and case submitter. jamsgep was the introduction of
a “virtual institute”[18,121] in which each case is assigrniedan expert on duty who is then
responsible for adequate processing.

A virtual institute (VIRIN) is a group of experts that may besponsible for a number of “case
submission” groups. All cases that are submitted to iPanioof the submitting groups are
labeled amew (status is red) and are automatically placed on a reviewdisthe expert on
duty. The expert can either sign out the case or refer it tother members of the expert group.
If a diagnosis is possible on the material submitted, theedxpn duty will add the diagnosis
as “final comment” to the case and iPath will automaticallysel the case (status green) and
remove it from the review list. If additional images or fugtitlinical information are necessary,
the expert will change the case statusiteeview(yellow) which indicates to both submitter and
expert that there are pending requests. If the case subimmasean additional question for the
pathologists he can also change the status of a previowslgaicase back to review All cases
labelled asnewor in revieware automatically placed on the review list which is avdddbr the
expert on duty. Cases labelleddssedare removed from the review list.

If the case is difficult, the expert on duty has also the pagsilbo refer the case to the whole
team of experts. On referral, iPath will automatically ho#ll experts in the group by email. The
experts can then discuss the case within their own groupreneipert on duty has the obligation
to summarise this discussion and write a short report bactheroriginal case which is then
automatically sent by email to the case submitter. Thisgutace has proved to be very valuable
not only for improving the communciation but also for rechggthe turn-around time[iL8].

Interestingly, in this study the quality of histologicaleparation of the slides did not affect
the diagnostic accuracy at all. This is probably mainly du¢he fact that the laboratory in
Honiara has generally produced high quality slides — desbpé very limited infrastructure, 77%
of the slides were of good or excellent quality and only 5edi(R%) were of insufficent quality.
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Additionally, it is worthwile noting that the quality of thenages was generally good, too. In
contrast to the AFIP study[163], we observed almost no imdgat were not in focus. Selection
of images and communication were the only problematic areas

These observations are important due to the fact that tleetgm of images and especially
the issue of communication can be addressed mainly by emusitraning. Throughout the
project the pathologists tried to give some instructionsow to improve image selection where
necessary. This effort is refelcted by the improvement @fgmselection as well as the reduction
in diagnostic discrepancies over time (cf.[fig.10.3 and@glL

10.4.1. Telepathology and Continuous Medical Education

Besides the immediate diagnostic results of these telettatisns there is the aspect of con-
tinuous medical education and the problem of professigwahiion that should be addressed
here, too. Lack of specialists in a tertiary hospital in aadeping country does not only affect

the care of patients. Specialists play an important roleraviging guidelines and continuous

medical education for the practising doctors. Health msifenals in a hospital without medical

specialists have hardly the possibility of discussing adalift case with an experienced specialist
and thus there is often a feeling of professional isolati@ampared to submitting specimen by
airmail, telepathology does not only reduce the turn-adotime for diagnoses, but also offers

the surgeons the possibility to interact with the pathabgi

Another important impact of the telepathology link was ttieg input of pathologists was very
much needed to establish the histology laboratory in Hanrathe first place. Without a minimal
histology lab it will be most difficult for the NRH to ever regt a pathologist, but without the
feedback from a pathologist there is no real incentive ferl#i to produce good quality slides
— a typical vicious circle. In Honiara, however, there isreatly a young physician doing a
specialisation in pathology at the University of Papua Newn@a and in Australia. One of
his preconditions for coming back to Honiara was the avditglof a minimal histology lab
with technicians that are able to produce good quality logioal slides. And possibly the now
existing telepathology link that allows access to collesmis only a first step in establishing a
proper local pathology department.

10.4.2. Beyond (Tele-)pathology

The main objective of the telepathology project with the NR#ESs certainly to improve ac-
cess to pathology diagnoses. However, the project had saier@sting side effects. By using
telepathology the doctors at NRH started to become fanvilitlr telemedicine in general. Since
iPath is an open telemedicine platform, which is not at alited to pathology, the staff at NRH
developed some ideas for extending the use of telemediesieq iPath) to the provincial hospi-
tals and clinics throughout Solomon Islands offering doetmnd nurses the possibility to consult
with the doctors at the NRH and some of their affiliated caless overseas, mainly in Australia.
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Some hardware had already been available from other ps{il€¢i| 141] and through private ini-
tiatives. Some of these projects focused on linking rutiaiacs in developing countries directly
with specialists in the UK and Australia[141, 148]. Whiléstmay work well initially, there are
some inherent problems. Not all overseas specialists ardidawith the specific situation in a
country like Solomon Islands and may not be readily able ¥e gidvice that is relevant under
the local conditions. Besides, for complex cases that daomdreated in the provincial clinic,
the major question is usually if and how a patient can be medeto the next level hospital within
the country. For this it is clearly necessary to consult whi doctors from that hospital.

The new project for a national Solomon Islands telemediai@vork which is currently in a
planning phase puts the NRH in the centre of the network. étistiltations from provincial
level are primarily directed to the NRH. However, it is pladrto etsablish a network of external
specialists for different medical fields so that the staffret NRH can refer certain cases to
the appropriate specialists. Technical support for thisvaek will be provided through People
First Networld, a UNDP (United Nations Development Programme) project@stainable rural
networking on Solomon Islands.

Itis also envisaged to utilize this network in collaboratieith St. Vincents Hospital in Syndney,
with which the NRH has an agreement to send a limited amoupaténts for advanced treat-
ment. The telemedicine network could greatly help to imprtwe decision making on which
patients to send to St. Vincents. Finally, the network sti@l$éo be available to organisations
such as the Pacific Islands ProEcwhich regularely sends medical specialists to some pacific
countries for short term visits.

10.5. Conclusions

This study clearly demonstrates that static image telepagly is a feasible tool for remote di-
agnosis in clinical pathology for hospitals with limitedsoeirces. Even under restricted circum-
stances with no fully trained pathologists at the subngttiospital, it is possible to achieve a
reasonable diagnostic accuracy. Selection of relevargasay the physicians or surgeons that
are submitting the cases and the communication with the teespecialists have been identified
the as the major limitations. However, both factors can bdressed with continuous traning
which results in improved diagnostic accuracy and reduaed@round times. The crucial as-
pects of successful telemedicine in developing countresat technical limitations but training
and continuous development of the people involved. Besigediagnostic support, telemedicine
is a most useful tool for overcoming professional isolatiad for providing countinuous medical
education in remote locations.

2http://www.peoplefirst.net.sb/
Shttp://www.surgeons.org/AM/Template.cfm?Sectionsfadslands_Project
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11.1. Introduction

With the rapid spread of information and communication tetbgies (ICTs) around the world
and with increasing availability of Internet in most coues; telemedicine has been promoted
as a promising tool to address deficiencies in deliverindthheare in developing countries|44,

3,159/ 1617, 182], especially for accessing specialist@dand second opinion consultations in
fields like dermatology, radiology or pathology, where thisran acute shortage of specialists in
many developing countries.

Over the past 10 years, telepathology (TP) has become aegtalblished tool to deliver his-

tological and cytological diagnoses at a distance and tesacsecond-opinion consultations in
many parts of the world[21, 35,140,141, 112, 163]. While mamy®s have demonstrated the
feasibility and the the accuracy of diagnoses in developerhities[115, 124, 150, 163], there
is little to no published evidence about the efficiency arafjdbstic accuracy of telepathology
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consultations from developing countries. A major differems that in many hospitals in devel-
oping countries that do require pathology services not aayestaff trained in pathology at all,

thus telepathology services must rely on surgeons or otiyesigians doing the basic pathology
tasks of tissue sampling and image selection. Problematasdor delivering diagnoses through
TP without an on-site pathologist are the sampling of thgioal tissue, the laboratory process,
selection of images and finally the communication betweessiolan and remote pathologist.

As the provision of telepathology diagnosis without an da-pathologist is a controversial

issue117], this study aims at evaluating the diagnosticiecy of such a service by reviewing
212 telepathology diagnoses delivered to the Sihanoukikéd§fentre of Hope (SHCH) in Cam-

bodia between January 2003 and January 2004. Each of theabriagnoses issued through
the iPath telepathology server (http://telemed.ipaffotithe University of Basel was compared
to an independent review diagnosis based on the originss gledes.

11.2. Material & Methods

The SHCH (Sihanouk Hospital Centre of Hope) is located inRheom Penh, the capital of
Cambodia.There are 31 beds (7 in the emergency, 11 in thecadedard and 13 in the surgical
ward). The staff consists of 25 medical doctors and 6 surgseaing around 200 to 250 patients
a day with follow up, and 30 to 40 new patients. Besides piagidthealth care the hospital is
also committed to the further education of Cambodian desaad health care professionals and
iS running many teaching activities.

Although the hospital is well staffed compared to other ltagpin Cambodia there is no fully
trained pathologist. However, for clinical decisions onigrats’ treatment a pathologist’s diag-
nosis and advice is often required. One of the physician&iwgiin internal medicine (S.C.V.)

had been trained in pathology in Belgium for one year in 19®@day his position in the hospital
is that of a lead physician and he is doing pathology via tlegogy (TP) on two days a week.
Besides telepathology, SHCH is also involved in other teléicine activities[15].

11.2.1. Laboratory

In July 2002 a histology lab was set up at the Sihanouk Hdspith the help of colleagues
from Aurich, Germany. The lab is equipped to prepare higficl slides as well as cytological
samples using conventional staining (H&E, PAP, Gysema, etc

Images are selected by the physicians at SHCH and captutiedmvOlympus BH-2 Microscope
equipped with a KLUG KamPro 04+ 1/2" SVHS CCD digital videarea. The camera is
connected to a PC (Intel Celeron, 40GB HDD, 256MB RAM, Wind¥® Professional) using a
FALCON single channel frame-grabber cdrdThe hospital had a permanent wireless Internet
connection which was later upgraded to an ADSL-connection.

1IDS Imaging Development Systems GmbH, Obersulm, Germatyy./fvww.ids-imaging.de
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11.2.2. Telepathology

Images are transmitted to the iPath server of the Univeo$iBasel (http://telemed.ipath.ch)[18,
20] normally by plain email. These emails are imported byiBath server into a closed user
group and the specialists are automatically alerted by len¥die specialists can review the
cases on-line on the iPath-server and enter their diagnesig the web interface of the server.
Diagnoses entered by the pathologists are automaticaltife&SHCH by email.

Since its inception the TP lab at SHCH has submitted over t806ultations to the iPath server
at the University of Basel. These consultations have iredduglver 16’000 images and received
over 2’900 diagnostic comments.

The pathologists are organised on a fixed duty plan. Everkwa®e member of the specialist
group is “on duty”. Whenever a new case is received by théhiBatver, the expert on duty is
automatically informed by email. This expert should theview the case within 24h. If the
presented case and the clinical question are within thedietpecialty of the expert on duty, he
or she will write a diagnosis and mark it as “final” whereby taese is closed and the diagnosis
is automatically transmitted to Cambodia by email. If thpext on duty does not feel competent
in this particular case, he or she has the option to referdlse to the entire group of experts.
When referring a case the expert on duty immediately writesat preliminary report with a
remark that the case is referred to the expert group. The ateenbers of the expert group are
then automatically notified by email and will discuss theecamong themselves. After two to
three days the expert on duty will summarise the commenthdyjetdlow experts and will write
a summary report on the original case which will again be mataally sent to Cambodia by
email. This functionality of iPath is often referred to asrtval institute”[18].

For this study 212 specimen submitted from January 2003ioats 2004 were reviewed. For all
these cases the original glass slide was reviewed by a gatioologist in Germany (KDK), and
the diagnosis was recorded independently from the origiRatliagnosis. Besides diagnosing
all glass slides the cases were graded according to theasiaigrifficulty (simple, medium,
complex). Additionally the sampling of tissue was also aatdd. After the review all diagnoses
were compared to the original TP diagnosis and classifiedapletely identical or as diagnosis
with minor, moderate or marked discrepancy.

In addition we reviewed all TP consultations and evaluabedselection of images by the non-
expert and noted communication problems that occurredoimesconsultations.

11.3. Results

In the period of the study 212 specimen were submitted foepghology (TP) consultations.
These consultations included specimen from 124 female &nus8e patients with an age ranging
from 13 to 81 years (cf. fig.I1.1). In total 2'703 clinical iges were included with original

case submissions. In 64 cases the remote pathologist askadditional images. In 19 cases
additional images were submitted (256 images or 8.8%). (@mnage a case consisted of 14
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Figure 11.1.: Age distribution of the 212 patients included in the studyeTbars illustrate the
effective frequency of each age group while the lines indiestimated frequency distributions for
the total collective and for male and female patients respy.

images. 2'914 (98.5%) histological photographs, 12 phatolgs of the patient and 33 x-ray
images were submitted during the study.

149 cases were diagnosed within the same day they were $ebrairid another 40 cases were
diagnosed the next day. In 53 cases the diagnosis requirsgltiren 2 days with a maximum of
10 days. The average response time for a TP diagnosis was 27h.

11.3.1. Diagnostic Discrepancies

For 179 specimen (84.4%) the TP diagnosis was completehfia with the review diagnosis
on the original glass slide. 18 specimen (8.5%) showed nadisarepancies (clinically identical)
and 5 specimen (2.4%) showed moderate discrepancies whanod nmot clinically relevant. 7
cases (3.3%) exhibited a marked discrepancy (clinicalgvent) between the TP diagnosis and
the review diagnosis. 3 specimen were classified as “other”.

Table[I1 1L illustrates the distribution of discrepant diages according to the class of diseases.
The percentage of identical diagnoses was slightly higbecéses with a benign lesion than
those with malignant lesions.

From the 212 submitted consultations a final diagnosis wisréel on TP in 12 occasions (6%).
The reviewing pathologist rejected the material in 6 of &&8 cases as insufficient for diagnosis
mainly due to tissue sampling not being representative ssvanthe clinical question. For the
other 6 cases, deferred only on TP, the following reasong @ien: twice insufficient image
guality, once insufficient preparation, once a re-biopsg vewommended and twice no reason
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Table 11.1.: Distribution of diagnostic discrepancies for differerdsdes of disease. The diagnostic
accuracy was slightly better for benign and other non-malig lesions than for malignant lesions.

Class of disease discrepancies

identical minor moderate marked total
Malignant 68 (83%) 10 (12%) 1(1%) 3 (4%) 82
Suspicious for malig. 1 1
Benign 24 (89%) 2 (7%) 1 (4%) 27
Inflammation 39 6 2 1 48
Hyperplasia 24 1 1 26
undetermined/other 23 2 25
total 179 (84.4%) 18(8.5%) 5(2.4%) 7 (3.3%) 209

for deferral was specified. In 7 more cases, the specialishali give a qualified diagnosis but
rather pointed out some possible differential diagnoses.

Table[TT.? summarises all 14 consultations which eithewsda marked discrepancy between
the TP diagnosis and the review or for which the value of theliBlignosis was not sufficient for
treatment. The table summarises the preliminary diagrimsibe physician at SHCH, the TP
diagnosis and the review diagnosis. The comments weredged\by the reviewing pathologist.
The reviewer also specified a value of the TP diagnosis (sfti¢or treatment, insufficient for
treatment, wrong or other) and tried to specify a reasonifayrtbstic discrepancy.

In two cases the TP diagnosis was wrong or misleading and eséscthe TP diagnosis was
insufficient for treatment. The discrepancy in case 1 is ggads “marked” because the TP
diagnosis included a carcinoma as differential diagnosiskvwas not confirmed by the review.
Case 2 is a typical example of communication failure — in thigimal submission only one
image was included, probably due to a transmission errom@ile and the pathologist gave a
preliminary diagnosis on this one image on which an ademouama was not visible and asked
for additional images. When the full set of images was suleché few days later, the pathologist
did not review the case, although on these images the adenumaa was clearly visible. Cases
4 and 8 are other examples of failure of communication betvease submitter and pathologist.
Case 14 included three x-ray images and the pathologistedd@ntconsult a radiologist before
giving a final diagnosis, but failed to do so.

In addition to case 2, there were four other cases with a fagative diagnosis. In case 3, the
squamous cell carcinoma was not visible on the originallynsitted images, although in the
review islands of squamous cell carcinoma were found. Hewelre pathologist recommended
a re-biopsy which was subsequently done and on which thencana was diagnosed by TP
and thus the initial false negative diagnosis had no impacthe patient. In case 9 the TP
diagnosis was “non-specific inflammation” while the reviewealed a erythrema nodosum. In
cases 12 and 13 the TP diagnosis was deferred by the patstobmgduty and the cases were
not forwarded to the expert group although a diagnosis whale been possible based on the
submitted images.
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Table 11.2.: This table gives an overview of the problematic cases in lwkither the value of
the telepathology diagnosis was judged as misleading afficient for treatment or where the TP
diagnosis was markedly discrepant from the review diagnosi

SHCH TP Review Comments Value Reason Discrepancy
1 keratosis DD: pseudoepitheliomatous  skin ulcer with suppurative complete excision recommended 1 slide sufficient for incorrect diagngosis marked
hyperplasia vs. squamous cell inflammation and HE treatment (correct) either TP or
carcinoma pseudoepitheliomatous Cambodia
hyperplasia
2 liver tumor DD. large bile duct with stroma-ride adenocarcinoma of 1) first image was not representative for i i ir marked
cholangiocarcinoma HCC inflammation and periductal gall bladder or extrahepatic diagnosis (failure of submitter) 2) there (wrong) selection of images
colonic carcinoma fibrosis bile ducts was no response to a second image for iPath

(failure of pathologists) series
appropriate for diangnosis Beispiel
2/5.1 2 slides HE

3 chronic non-specific no final diagnosis, granulation granulation tissue with islands TP-diagnosis of squamous cell carcinoma missleading sampling error marked
inflammation tissue, re-biopsy of a squamous cell carcinoma in the recommended subsequent biopsy (wrong)
recommended (s. nr. 03-0232) 2 slides (HE, PAS)
4 giant cell tumor DD: (without x-ray) giant cell tumor of bone TP diagnosis is preliminary (without x-  insufficient for failure of others
aneurysmal bone cyst ray) final diagnosis (after addition of x-  treatment communication
rays) was not made. 1 slide HE (suspicious)
5 DD: inflammatory bowel active chronic colitis with colonic ulcer, ischemie or drug- 2 slides (HE/Pas) insufficient for incorrect diagngosis moderate
disease, M. Crohn, ulcerations, suspicious of induced (NSAR?) treatment either TP or
colonic tumor Crohn’s disease (suspicious) Cambodia
6 reactive inflammatory suspicious of NHL, no final non-specific chronic 4 slides (2xHE, 2xGiemsa) insufficient for inadequate marked
lymphadenopathy, diagnosis lymphadenitis with eosinophilia treatment selection of images
clinically suspect T10 (suspicious) for iPath
7 suspect breast cancer no diagnosis, insufficient invasive ductal carcinoma 1 slide HE i ient for ir e marked
preparation and preservation treatment selection of images
(suspicious) for iPath
8 multiple lymphomas, no final diagnosis due to poor no hints at bone marrow E adequate selection but poor image insufficient for other marked
suspect NHL, bone image quality infiltration by HNL quality (first series) I no response of TP- treatment
marrow involvement? pathologists to a subsequent series of (suspicious)
images (with better quality)
9 chronic non-specific cutane vasculitis, e.g. 1 slide HE insufficient for incorrect diagngosis moderate
inflammation erythema nodosum treatment either TP or
(suspicious) Cambodia
10 chronic active gastritis medium-grade chronic Hp- helicobater pylori can be proved in the  other other minor
gastritis of antral mucosa with Giemsa-stain, not considered in the
moderate activity selection of images 4 slides (2xHE,
2xGiemsa)
11 chronic gastritis with medium-grade chronic Hp- helicobater pylori can be demonstrated  other other minor
granulocytic activity gastritis of antral mucosa with in Giemsastain, not considered in
moderate activity selection of images 4 slides (2xHE,
12 lymph node tuberculosis no final diagnosis hyalinized and fibrosized no final diagnosis (after demonstration of other other others (marked)
granulomatous lymphadenitis. AFB in Ziehl-N. staining by the submitter
TB (Z.-N. positive) ) 2 slides HE
13 lymphoma infiltration, image quality not sufficient suspicious of AML image quality not sufficient for TP- other other others (marked)
AML or ALL for hematological diagnosis diagnosis, for diagnosis see 03-0141
AML 2 slides (HE, Giemsa)
14 giant cell tumor giant cell tumor of bone with aneurysmic bone cyst specimen is representative for an other other marked
a secondary aneurysmic bone aneurysmic bone cyst, the diagnosis of a
cyst giant cell tumor was made on a former

biopsy 5 slides HE
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11.3.2. Reasons for Diagnostic Discrepancies

In table[TT.P the reasons identified by the reviewing patistare listed. The most prominent
reasons are inadequate selection of images and failurenoihcmication. “Incorrect diagnosis
either TP or Cambodia” indicates that no other explanati@nta failure on the side of the
pathologist could be identified.

To analyse possible reasons for diagnostic discreparthie$ollowing four characteristics were
evaluated for all 212 casefissue samplingquality of histology image selectiomnd commu-
nication Table[IT.B summarises the results of this analysis. Tisaogling and histological
quality of the slides do not seem to influence the diagnosirepancies. The multi-fielg? test
did not show any significant correlation. Communicatiorigbeans and especially problems with
image selection show a different picture and occur morenafteases with marked discrepancies
between TP and review x? test shows significant correlation (p<0.001).

11.4. Discussion

The results of the study show a very high accuracy of the Tgndisis provided. The TP diag-
noses differed markedly from the review diagnoses baseldeartginal glass slide in only 3.3%
of the 212 cases. 84.4% of all cases showed complete comuardeetween TP and review.
These figures are comparable to figures from other evalsabbistatic image telepathology
[3€,1163].

Under the given circumstances, telepathology may very sezlle as a diagnostic tool for hos-
pitals in developing countries that do not have a fully diiedi resident pathologist.

The major problems observed are image selection and concation. Image selection is most
directly related to telemedicine as under normal condjtibare is no need to pre-select images
— the pathologist can view the whole slide. Communicatiabf@ms exist as well in conven-
tional pathology where the clinicians sometimes fail toigate important clinical facts to the
pathologist. However, it is important to note that both thésctors can easily be improved by
training and experience.

An important lesson learned for the future development efiBath and for any telemedicine
software is to include better tools for organisation of cammmoation. While issue concerning
image quality and reliabilty of transmission are hardly erverd, the software should activly
support the flow of communication. A possibility would be tifeo specialists an option that
they want to be automatically reminded to get back to a aedase after some defined time. If
they decide that a case needs further input or clinical datatbey want to consult e.g. with

a radiologists, then the system could notify them after aliewrs or days reminding them that
they wanted to further comment on this particular case. Aareston of the workflow module on
iPath that will include such reminder funtionality is cenlg high on the agenda for the future.

Besides the benefit of access to timely diagnosis from anregpthologist, the presented set-up
has yet another very important aspect. The continuousactien with expert pathologists offers

109



Table 11.3.: Reasons for discrepant diagnosis .

Tissue Sampling total identical minor moderate marked other
representative 153 132 14 3 2 2
representative for 40 31 4 2 2 1
diagnosis, not sufficient

samples

not representative 5 4 1

no statement/other 14 12 2

X2 =15.98 (not significant)

Quiality of Histology total identical minor moderate marked other
very good 3 3

good 153 135 11 3 2 2
moderate 42 29 6 2 4 1
insufficient 10 9 1

no statement/other 4 3 1

X% =19.15 (not significant)

I mage Selection total identical minor moderate marked other
all relevant changes 154 143 7 2 2
documented

appropriate for diagnosis, 15 7 7 1

some findings missing

moderate in quality or 14 12 2

guantity but sufficient for

diagnosis

insufficient 10 5 4 1
other 19 12 2 2 3

X% =106.79 (p<0.001)

Communication total identical minor moderate marked other
efficient 175 151 13 5 4 2
deficiency on case 16 13 (2) 3

submitter’s side

deficiency on both sides 3 212 1)
other 11 8 2 1

(values in brackets indicate major communication probjems
X2 =65.94 (p<0.001)
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an excellent teaching opportunity for the physicians déivegpreparation of the tissue at SHCH.
This isimmensly important in a country like Cambodia, whegter the civil war almost no senior
specialist was left in the country. Young doctors hardlyenthe opportunity of asking a “next-
door senior expert” for advice on a difficult case. In corttasworkshops and seminars and
also to distance education programmes that alleviate sdrtiese issues, telemedicine offers
the possibility to discuss the very problems that occur a&€BHThe iPath telemedicine platform
also allows the consultants to add additional files suchfasaece images or scientific articles to
further illustrate the problem discussed. This could alsodnsidered as problem-based learning
in its purest form.

This form of collaboration of different experts on the samelems also illustrates one of the
advantages of using a proper telemedicine platform likéhiBaer consultations via plain email.
Cases sent via email are sent on a personal basis and arevaitbbke to the expert to whom
they were submitted. If several experts are approached,dpmions are not collected in an
organised form and only exist in the inbox of the case sulemitt

On a well-organised telemedicine platform cases can bgressito the specialist according to
sub-specialty. Since the telepathology network of the Brsity of Basel is hosting many sub-
specialty discussion groups such as for example a bone turarking group or hematopathol-
ogy and dermatology forums, it is relatively easy to refeeliasting cases to the a proper spe-
cialist. Furthermore the different consultants can alsomainicate with each other and finally,
since all comments are automatically archived into a da&bis at any time possible to retrieve
older consultations. Over time this builds into a tremenduarchive of interesting material that
could be readily used e.g. as base material for problemddasening.

11.4.1. Way Forward

In other regions in South East Asia similar projects haventstarted based on the experience
from this project. Consultations are regularely reques$tech Laos and Bangladesh; and a
few pilot cases have been submitted from Myanmar and Vietdarmaddition, some provincial
hospitals in Thailand signalled their interested in thisrfaf telepathology in order to consult
with the specialists in Bangkok.

A vision for the future is an independent South East Asiaap@aihology network with some

distinct components: 1) diagnostic services for remot@hals with an expert group or a virtual
institute in form of a collaboration between local spesiliand volunteering international ex-
perts, 2) a component for continuous medical educatior@regional specialists which could
consist of a forum for interaction between the regional pltists with each other and with
international experts as well as some kind of organisechtegactivity with scheduled (tele-

)presentations and lectures delivered by internationa¢gs.

In order to evaulate to what extent telemedicine may alseesiar capacity building and skills
development for the involved Cambodian physicians, a stadyaluate the impact of this form
of telepathology on the diagnostic capabilities of the jptigas at SHCH is in preparation.
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Throughout the project the physicians at SHCH have alwaysdnieir working diagnosis for
every case submitted to TP. The planned study will compareeults from the beginning of the
project as presented here with the results from later yeat®bserve if there is an improvement
in working diagnosis by the submitting physician.

Finally, besides telepathology, the very same technolegysio applicable for any other medical
specialty and could equally serve other telemedicine ptsj@ the region.
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Southafrican Medical Journal.

12.1. Introduction

The Transkei region of South Africa is an area of approxifya4®’000 kn? (3.6% of South
Africa’s surface) located on the East coast between Easddiwand Port Edward. It is home of
approximately 4 million people (almost 10% of South Afreg@opulation). The Transkei used
to be an “independent homeland” during the apartheid erasandw part of the Eastern Cape
Province. It is one of the poorest regions in South Africathwiigh levels of socio-economic
deprivation and a health status comparable to poorer regiosub-Saharan Africa[99].

The region is characterised by poor road infrastructurer pglephone communication and lim-
ited health facilities. Primary health care is provided mhaby nurses at state funded clinics,
supported by general practitioners in the public and peisctors. Specialty services such as
dermatology are only available at the Nelson Mandela Acreclélospital which is associated
with the medical faculty of the Walter Sisulu University (W}in Mthatha.
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Due to high poverty levels, long distance travel is not afédrie for most of the population.
Hence, nurses in rural clinics and family practitionersehtivdiagnose and treat practically all
dermatology problems. About 15% of all consultations imyary care have a dermatology
component[116]. Access to specialist dermatologist aligémportant as family practitioners
have insufficient training in dermatology and as comparedpecialists, their diagnosis and
management are significantly poorer.

In this study we analyse the possibilities to improve acéespatients to dermatological care

and to improve family practitioner clinical skills usingeéenedicine. The study included two

pilot sites in rural Transkei. The first site is a general pcaan Port St Johns, a small provincial

town on the east coast of South Africa. In the rural Port Shdahstrict, the population numbers

about 75 000, the majority of which lives below the poverteli In the last decade, the number
of doctors in the district has varied between two and six.

The referral hospital at Mthatha is 100km distant but siri@8lhas had no dermatologist (except
for a 2 year secondment of a Cuban specialist). The neargsatidogist was in East London,
350km away. Teledermatology in Port St. Johns was startd®®9 with email based store-
and-forward teledermatology[116], and since 2002 it imgs$Path. In the first year the server
in Basel was used but since 2003 the Telemedicine Unit of tAkeWSisulu University (WSU,
former UNITRA) is running a regional telemedicine netwbbased on the iPath software[22]
which is now being used by the teledermatology project irt BarJohns.

The second site is the community clinic in Tsilitwa whichasdted about 120km from Mthatha.
The clinic is serving a population of approximately 10’00€ople. Tsilitwa has been a pilot
site for a wireless telemedicine project initiated by theu@@l for Scientific Research (CSIR)
which enabled the nurse at Tsilitwa clinic to consult with BP at the Sulenkama Hospital over
a distance of +- 30 km[105].

12.2. Material and Methods

12.2.1. Port St. Johns

This study presents an extension of the tele-dermatolaglystarted in Port St. Johns in 1999
which analysed 52 teleconsultation taking part from Ap8i92 to December 2000[116]. Since
then the number of consultations has grown to 110 consuttsnd includes consultation until
December 2004.

Patients who presented at the family practice in Port Stngdotith dermatological problems
were included in this study if the general practitioner (G&)ld not make a diagnosis or wanted
to have his preliminary diagnosis confirmed by a dermatglodtor the telemedical consulta-
tions images were captured with a digital camera (first am@lys C-1400XL and later an Fuiji
2 mega-pixel). If necessary, images were cropped and tegzgpproximately 1000x700 pixels

Ihttp://telemed.utr.ac.za
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using Adobe Photoshop or GIMRind saved in JPEG format. In the beginning images were
submitted by email with attached pictures. However, text pictures and diagnostic replies
easily got separated and misfiled. Thus patient informatimhimages were compiled into an
html page which worked well but was a very time consuming @ssc Since 2002 the iPath
telemedicine platform was used for teledermatology cdaasahs. With iPath, images and clin-
ical description can beuploaded via an easy to use web diernatively, cases can also be sent
via email which are automatically imported into the same abed database (c.f. fig.12.3). The
dermatologists are notified about a new case by email autcaiigtand can review the case on
the website. Any diagnosis or comment that they enter is idiatky sent to the case submitter
via email. All data is achieved on the website so that it islalaée anytime for reference.

Since no web site can be entirely secured, no patient nareessad for identification. The sub-
mitting practitioner must assign a numeric code to eachudtatson which only he can directly
link to the real patient.

Initially, teledermatological consultations were suligdtto Medical University of South Africa
(MEDUNSA) in Pretoria, to the Armed Forces Institute of Ratlgy (AFIP) in Washington,
USA and Lemuel Shattuck Hospital (LSH) in Boston MA, USA. hetsecond phase using the
iPath platform of the University of Transkei (UNITRA), caseere reviewed by dermatologists
at Mthatha General Hospital, Cecilia Makiwane Hospital @asB.ondon and by the dermatology
department of University of Cape Town. With the web basedtsm of iPath, the task of
reviewing cases could be easily shared between differentatelogists without the need of the
case submitter to send multiple consultations.

12.2.2. Tsilitwa

Tsilitwa is a community located in a deep rural area of thetéfasCape about 120km from
Umtata and is a typical example of many of South Africa’s raraas that exist below subsistence
levels and remain impoverished because they have no acchkasit infrastructure essential for
economic growth and development. As a consequence, thé poeiieaving their rural homes
in pursuit of employment and opportunity in the cities. Basifrastructure such as electrical
power, tarred roads and communications, essential piitareconomic growth, are often not
available.

Tsilitwa is a pilot site for a project of the South African Guauil for Industrial and Scientific
Research (CSIR) which aims to develop and implement an ath@/communications infras-
tructure that is independent of the state power and teleaomoation utility companies and to
develop capacity within the Community to sustain and wditizis network. The project has cre-
ated a wireless network which connects various institgtiwithin the district. One of the pilot
applications of this communication networks is a telemiegidink which facilitates the tele-
consultation between a patient at the Tsilitwa clinic witk tloctor at Sulenkama hospital using
an \Voice over IP (VolP) telephone and a video camera.

2http://www.gimp.org/
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WiFi Antenna

Figure 12.1.: The community clinic in Tsilitwa. Images captured with thdeo camera can be
transmitted live over the wireless IP network (WiFi) to thde®kama Hospital, approximately 30km
away.

While this form of consultations are suitable for many typésedical quesions it cannot help
with questions that require a medical specialist such as &.dermatologist. Live consulta-
tion with dermatologists are not an option for two main reesol) it is not possible to time
patient and dermatologists at the same time and 2) the netdams not have bandwidth to to
video link outside of the WLAN. However, the clinic in Tsiva had all equipment necessary
for store-and-forward tele-dermatology: a battery powdd® PhotoSmart camera with a fixed
lense and a resolution of 2 MegaPixels resolution, a PC arereail connection to the outside
network. Unfortunately, the email connectivity was distoned at the beginning of the teleder-
matology study and thus only very few cases could be includ#ds study — these consultations
were transported on memory stick form Tsilitwa to Mthathd #rere uploaded to the UNITRA
telemedicine platform.

12.2.3. The UNITRA Telemedicine Network

In the initial phase of the teledermatology project in Pdrt®hns the consultations were sub-
mitted by plain email directly to the consultant. This woffkge in a small group of people
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but it seemed not very feasible for extending the possislitor teledermatology consultations
to other primary care clinics within the Eastern Cape proginin 2002 the project tested the
iPath server at the University of Basel and found this sotutiighly suitable as platform for
teledermatology in low resource settings.

In order to prepare for a deployment of teledermatology atoxipcial level it was decided to
create a regional telemedicine network based on the iP#these. The regional network should
ensure that all medical data will stay in South Africa and the technical skills for maintaining
and supporting the application will be available within tkegion.

A first server was established at the UNITRA telemedicing imdune 2003. It was based first
on an old Dell Optiplex PC hardware (Pentium I, 64MB memauny)l was later migrated to a HP
proliant server (P-IV, 256MB, 80GB HD). The server is rurqnon Debian Linux and provides
the following services:

e Content Management System (CMS) for the telemedicine uglitsite announcing news,
conferences etc.

e E-mail server providing local email accounts for all pagants.

e Telemedicine service based on the iPath software.

The email server was installed because it was found that os#sts were using a US based
webmail service. For submitting telemedical consultagiaith attached images this was often
very slow and it is a waste of limited international bandw[88)].

12.3. Results

Since 1999, 110 patients from Port St. Johns have been diagnesing teledermatology. 76
patients where female and 34 male with an average age of 32, yaaging from 2 weeks to 73
years. 27 consultation were submitted to MEDUNSA, 10 to ABHto LSH and 38 to UNITRA.
Teledermatological assessment was possible in 105 casedefivitive diagnosis was given in
five cases. The diagnoses are summarised in 12.1. €&ovhble The turnaround time
for tele-diagnosis ranged from 1 day to 246 days (median =ays)d The turnaround times
improved considerable during the project and for the last&8&s submitted via the UNITRA
telemedicine platform all consultations were answeretiiwibne month (median = 8 days).

Figure[IZ.P gives an overview of the results of the condoltat In 105 cases a diagnostic reply
was possible. In 46 cases the dermatologists confirmed twsprnal diagnosis of the GP. In
57 cases the telemedical diagnosis helped the GP to impheviedatment of the patient. The
GP perceived these consultation as useful assistance icab@$. 72 of the patients returned to
a follow up consultation to receive the results of the tedasultations. For 36 patients a biopsy
was taken and sent for histological diagnosis. In one caséidtological diagnosis was not in
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Table 12.1.: Diagnoses made by teledermatology.

Tinea 10 Fibroepithelioma 1
Lichen planus 7 Fixed drug eruption 1
Erythema multiforme 4 Granuloma inguinale 1
Seborrhoeic dermatitis 4 Granulomatous lesion 1
Contact dermatitis 3 Haemangioma 1
Nummular eczema 3 Hairy leukoplakia 1
Pityriasis rosea 3 Herpes simplex 1
Psoriasis 3 Hyperkeratotic eczema 1
SLE 3 Infection 1
AIDS associated papulo-pruritic eruption 2 Keratoacamtho 1
Atopic dermatitis 2 Keratosis pilaris 1
DLE 2 Lichenoid dermatitis 1
Granuloma annulare 2 Melanoma 1
Morphea 2 Metastatic cancer 1
Non-specific 2 Molloscum contagiosum 1
Ochronosis 2 None 1
Photosensitive dermatitis 2 Normal pigmentation 1
Scleroderma 2 Papular eczcema 1
Seborrhoeic eczema 2 Pemphigoid 1
Acne 1 Pemphigus 1
Actinic chelitis 1 Peri-oral dermatitis 1
Actinomycosis 1 Pitted keratolysis 1
Alopecia areata 1 Pityriasiform eczema 1
Bacterial infection 1 Pityriasis rubra pilaris 1
Bullous lichen planus 1 POD 1
Candida infection 1 Pomade acne 1
Dermatitis herpetiformis 1 Pompholyx 1
Drug reaction 1 Possible syphilis 1
Dyshidrotic eczema 1 Pustular psoriasis 1
Eczema 1 Pyogenic granuloma 1
Epidermolysis bullosa 1 Subcorneal pustular dermatosis 1
Erythema annulare centrifugum 1 Warts 1
n=105
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Figure 12.2.. Results of teledermatology consultations in Port St. Johns

accordance with the final diagnosis of the dermatologise piteliminary diagnosis by the GP
in this particular case was a Seborrhoeic eczema which wasgelal by the dermatologists to
Pityriasis rosea. The histological findings of the biopsyenthat of lichen planus.

From the clinic in Tsilitwa only 4 consultation could be pmrhed. Three of the were diagnosed
within 4 days. In one case a diagnosis was not possible dudgsing clinical information.
These cases give an impressive example of the potentialavheéelicine for rural clinics. The
history of the case presented in figlre-12.3 is that the patelady born in Tsilitwa and now
working as an attendant at a petrol station in Johannesbtaged to develop itchy patches on
the skin, especially in the face, which left ugly dark scar8ke had consulted two doctors in
Johannesburg and was given medication but without religfally she lost her job due to her
disease and came back her home village. When she starteddiopleaymptoms of depression
the nurse at the clinic in Tsilitwa decided to consult a deologist. She took the photographs
which were then submitted to the telemedicine server at WISId.days later the dermatologist
in East London reviewed the case and diagnosed it as Lupubdbmatosus. She suggested
treatment with steroids and most importantly applicatibsun screen (zinc cream) as the skin
deformation is caused by sunlight. A few weeks after thissadtation the patient had returned
to work.

12.4. Discussion

In general, the technology was working very well. The captof images with a digital camera
was no problem for the family practitioner in Port St. Johos for the nurse in Tsilitwa. All
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Tsilitwa case 2004/1 Type: Sender: 2004-02-20 18:21

Subtitle: Skin, scars & black marks consult kurt South Africa
Dermatology

Dermatology consult from Tsilitwa clinic:
Contact: Patricia Mabukane 072 1715 455 (nurse at clinic)

f 42y, RVD status neagtive (test on 09/02/2004)

Patient presents with approx 40 scars on face and neck which developed since 1999. Has
been to doctors for the same problem. Resulted in short term relief with the lesions only
to rcure after completion of treatment. (Treatment uknown - health card left in
Johannesburg). The patient has never been seen by a dermatologist, only by a GP.
Generally, the patient is in fair condition. Has had no other illness before.

When the lesions/sracs started she worked as attendent at a petrol station, but was
dismissed from work because of the scars.

The lesions start as fine rash then vesicles and break up to form scars that end up as a
black mark. Lesions also extend to the scalp and cause loss of hair. Lips are red with scars
as well, but patient seems to have no lesions inside the mouth.

Gallery:

Img_D5.jpg

Img_01.]pg

Img_03.jpg .

Img_D4.3pg

Annotations

» Add comment

kurt

Got this case today from the clinic in Tsilitwa (near Qumbu). As their

229;‘;02'29 email is not working, please contact Sister Patricia Mabukane 072 1715

- 455 (nurse at clinic) if any advise can be given for that patient.

louise This is classical Discoide Lupus Erythematosus. The treatment is potent ﬁ
gg?:iﬂz'zz topical steroids (Lenovate)as well as systemic prednisone. I suggest 20

mg/d x 10 days, 10 mg/d x 10 days, 5 mg/day x 10 days. Most
importantly is the daily use of a sunblock as DLE is triggered and
maintained by sunexposure. Zinc cream applied thinly every morning
is the best.

Figure 12.3.: Sample case submission of a dermatology consultation frenclinic in Tsilitwa.
Description is given in the text.
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images were accepted by the dermatologists as adequaterfeultation. The transmission of
images form Port St. Johns was no problem. Images were losheroccasion were a con-
sultation was submitted to the UNITRA web server after it badn moved from one hardware
to another. From Tsilitwa electronic transmission was unftatly not possible after the GSM
modem connection between their wireless LAN and the Intemas discontinued.

Though the project with Tsilitwa has not yet been very susitgsit served very well as a role
model for the potential of teledermatology in rural primasalth clinics. If a minimal commu-
nication infrastructure consisting of a telephone conpecind a personal computer is present
a simple digital photo camera is all that is necessary ta stledermatology. The only weak-
ness identified in the case study in Tsilitwa was that theenwas not used in writing down the
clinical history about the patient. In 3 out of 4 consultagdhe clinical history was judged as
insufficient. The Department of Health of the Eastern Camwipce is planning to equip ten
rural clinics with a camera and to organise a workshop fontirses where they will be taught a
dermatologists how to take pictures of a patient and how ttewarshort clinical history relevant
for a teledermatology consultatkhn

At the beginning of the project the turn around time for remg dermatology consultations
was often very long. In the initial year of the study 35% of ttesses needed more than one
month[116]. The reasons for this were manifold. The SouthcAh academic centres have a
chronical shortness of medical specialists and espedamathe initial phase the consultants were
not yet accustomed to electronic communication. At somad&uic centres access to internet
and email is very restricted and some of the consultantewsd the cases at home over the
weekend.

However, the delays could be considerably reduced duriagtbject and since the introduction
of the iPath platform, it has become possible to share thgndstic load between different
consultants. On the web based platform the dermatologistsee if a case has already been
reviewed by another dermatologist. In fact, the turn arotime for the 23 cases that were
submitted after the end of this study, the average turn artiame has reduced again and is not
less then 3 days.

The consultations played an important role in improvingtileatment of the patients. In over
50% of the cases the diagnosis of the dermatologist chargedriginal treatment plan. The
study was not directly looking into economical benefits & donsultations, it should however
be noted that most of the patients that visit the family psaan Port St. Johns can hardly afford
the 350km travel to the nearest dermatologist at CeciliaiiMaike Hospital in East London.
Studies in the UK have demonstrated that teledermatologgudtations are cost effective if the
distance between the primary health centre and the spéginore than 78km[170].

A major outcome however is not only the correct diagnosisteeatment for the patient but the
fact that the GP strongly felt that teledermatology impubkies skills in diagnosing and treating
dermatology problems appropriately. The frequency of atitasons has decreased towards the
end of the project because one of his main objectives of ilegnwwas achieved. Even though

3this project was presented at the eHealth Indaba 2006 inLBasion.
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in 42% of all consultations the diagnosis of the specialgis identical with the provisional
diagnosis of the GP, he regarded it is a good learning expegig have his diagnoses confirmed.
In the long term the number of cases will drop off — most patiesiting the family practise
in Port St. Johns will receive a correct diagnosis and appmtgptreatment directly from the
family practitioners whose dermatological skill have ddesably improved due to the regular
tele-dermatology consultations.
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Objectives: The Ukraine Swiss Perinatal Health Project aims to conteibm health system
development by improving access to information and fos¢eprofessional networks for
Ukrainian health professionals.

Methods: An internet based telemedicine platform was chosen ermgbistant collaboration.
Users were equipped with necessary infrastructure, b&sidigital camera and internet access.
Results: 80 users from Ukraine and abroad registered to the netw@rkcases were presented
in the network, 81 with a distinct clinical question, amohgrm 68 received comments.
Interaction took place between Ukrainian (case presemisitiand international (providing
comments) health professionals.

Discussion: It is shown, that ICT in health foster communication amongfgssionals and
contribute to continuous education over distance.

Keywords: Information & Communication Technology (ICTkl&@medicine, distant collabora-
tion, knowledge sharing, health system development
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13.1. Introduction

Access to up-to-date information is one pre-requisite t&erinformed decisions in all aspects
of life. Information and communication technologies oftgeat potential to improve health

services and systems.[174] Healthcare is about knowledgeagement, the right knowledge
available at the right time in the right place directly infhees the right outcomes. In transi-
tional countries access to information is still comprordigar various reasons. The direct per-
sonal exchange of knowledge and expertise among colleaguadarger scale is hampered by
long distances and slow public transport systems. Papedbaedia like medical literature and
scientific papers are scarce due to limited financial ressuand lacking distribution systems.
Libraries provide a restricted choice of medical books epresenting the full range of current
and international recognised knowledge. Latest developsnia medical science discussed in
international journals, influencing clinical practice dadding to the modification of the clinical

practice guidelines do not reach the attention of the médmamunity, especially not to those
health professionals working outside the urban centres.

The United Nations World Summit on the Information SociétySIS) 2003 in Geneva em-
phasised that access to Information and Communicationnbéaty (ICT) is one of the main

elements for the development of societies. For most of tHastrialised countries the use of
Information and Communication Technology (ICT) has emérgga key to drive efficiency and
effectiveness of their health systems.

The objective of the Ukraine Swiss Perinatal Health Projg¢d contribute to the health sys-
tem development and to improve offer, quality and accessdwentive and curative perinatal
public health services in selected Ukrainian regions. TEdomponent of the project aims to
contribute to the overall objective by improving accessni@imation for health professionals
in Ukraine, fostering professional networks and estabigla Telemedicine platform through
which information can be exchanged. It was expected thdicpznts share their experience
from daily clinical practice and provide expertise to ansmedical questions of their colleagues,
however there were no rules defined on how the network shalkbd. Therefore participants
applied the network very individually. This reflects alsale results section, where the activ-
ities are analysed from a general perspective and from trepeetive of one district hospital.
The involved health professionals are Obstetricians, @golagists and Neonatologists from
Ukraine and international colleagues. The technical stftecture applied consists of personal
computers, internet access, and a server applicatiorda®&h[165] 20]. iPath has been chosen
because of its intuitive user interface, its moderate cderpand communication infrastructure
requirements and because it is developed in open source. opece software is interesting for
applications in low resource environments, where the dostsoftware and licences compro-
mise the scarce health budget. Additionally, the open sonradel allows technology transfer
and active participation by the Ukrainian partners alsohentéchnical level. The technical in-
frastructure enables the participants to collaborate ilosed user group and to communicate,
using a common platform and disposing of a structured fowmuiidt functions to exchange data
and information.
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13.2. Materials and Methods

The project started in April 2003 with two partner hospitasruited from the Ukraine Swiss
Perinatal Health Project (USPHP). The Institute for Paeds Obstetrics and Gynaecology in
Kiev and the Regional Children Hospital of lvano-Frankiegipointed each a doctor to coordi-
nate the activities within the hospital. The coordinat@seived training for the application of
iPath and the digital camera. They have been taught how & er@dical cases into the database
and add digital files, how to open existing medical cases amdtb provide comments. Inter-
ested doctors from these hospitals can refer to the codas#o get information and trained
in order to participate in the network. The department of t®ioies and Gynaecology of the
University Hospital of Zurich is the international courgart within the network.

To facilitate tele-consultations as well as sharing anaudision of clinical information, the

project selected the iPath telemedicine platform for imm@ating the Ukraine-Swiss perinatal
telemedicine network. iPath is a web-based, open soureméglicine platform developed at the
University of Basel since 2001[165, 118,120/ 22]. The iPathfptan combines communication

with content management features and its main functionas‘ieedical discussion group” in

which a defined group of users can present and discuss tlogisas.

iPath provides the user with a structured format to presentases (cf. fig.13.1). The first sec-
tion contains the main information about the presented eagepatient information, anamneses
and diagnosis in plain text. The sender explains the reas@résenting the case and formulates
guestion he/she wants to discuss. To the gallery the useradwhimages and any other docu-
ments. The annotation section lists the comments provigieddousers. Comments are entered
directly from the web or can be sent by email. Comments vialleamaautomatically integrated
into the case.

Instead of operating its own server, the project startetl wiiizing the existing iPath server at
University of Basel, operated by the Department of Pathotifighe University of Basfl This
server is used worldwide by over 1000 users and is also lgpstany telemedicine applications
with developing countries[22]. Since April 2003 the netiwaas growing continuously and new
participants added to the network like the six partner haspfrom the Perinatal Health Project
and individual doctors working in other hospitals. Up to@8yindividual doctors (61 Ukrainian
and 19 international) registered to iPath and are membeheafetwork.

The USPHP is operating its own discussion group on iPathr firseregister a user account on
the iPath server and can then apply to become member of tharigkBwiss Perinatal Health
Group. iPath is accessible from any personal computer wiigrmet connection. The most
important functions are also accessible through an emi@iface, which is particularly useful
for participants with slow connectivity and for receivingtamatic notifications about new cases
and comments.

The technical pre-conditions in the partner hospitals warging from no infrastructure avail-
able to fully equipped and operational computer work pladés Perinatal Health Project pro-

Ihttp://telemed.ipath.ch/
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Newborn with lung pathology (4818) <lupl>

@ a S G e 5
Home List print Chat Export Slideshow Compare referral
Newborn with lung pathology © Type: Sender: 2004-04-06 14:44
Subtitle: child from mother with hepatitis C Question vodtmo Ukrainian Swiss
Perinatal Health
Programme

Child: boy. Birth date: 27.02.04. Anamnesis: 1-st pregnancy complicated by hemorrhage in
stomach, resection of stomach, hepatitis C at the end of pregnancy. Delivery: C-Section at
the gestation term of 31-32 weeks. Weight: 1770 g. Length: 43 cm. Apgar score: 5-6.
After delivery the child was in grave condition. Artificial lung ventilation was conducted
according to the following parameters: pin/pex 15/3, FiO2: 0,4-0,35. VO2: 5 |/min for 20
days and CPAP for 10 days. Immunisation against hepatitis B after delivery was
performed.

At the moment the child has independent breathing without oxygen, SPO2: 94-96%,
crepitations in both lungs. Liver: +3,5 cm. Echocardiogram of heart: N. Neurosonography:
N. General bilirubin: 71,7, direct bilirubin: 15, indirect: 56,1. ALT: 0,1. AST: 0,2. Protein:
59. ABHBCor-positive, ABHCV-negative, AB-HAV-IgM-negative.

Treatment: cefalosporini III and IV generation, immunoglobulini, digoxini.

Question: How can you explain the lungs changes? How the child should be treated born
from mother with hepatitis C?

Gallery:

Image_34063.ipg Image 34064.ipg

Annotations » Add comment

opitz [comment sent by email from sylfuc <SYLUC@wanadoo.fr=]:
2004-04-09 15:40 Dear Colleagues

Your questions induce more questions...This is why medicine is so
interesting...

1) Did the mother get contaminated by the hepatitis C virus (HCV)

Figure 13.1.: This figure represents a typical case presentation on iHdth.header gives infor-

mation about the type of case, submission date and the dutgniser. This is followed by a textual
description of the case which should include relevant cdihinformation and which should clearly
formulate a question that should be discussed. Additigrib# case can be illustrated with digital
images or other documents. Cased details can only be modifidte owner of the case; however,
other group members can add comments at the bottom of the case
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vided the needed infrastructure where necessary to thegudrpspitals. Participants outside the
partner hospitals use their professional or private tesdinnfrastructure. The required equip-
ment for a working place consists of a desktop computer gmunn Pentium [1I/1 GHz or better,
256MB, 60GB HDD), monitor (17" CRT with XGA resolution - 102468 pixels), flat bed
scanner (1200dpi) and a digital camera. The cameras shauiahresolution of 2 mega pixels
or better, a 3x optical zoom lens with macro mode and the ogtswitch of the flash. For the
project, Pentax Optio 33L cameras were chosen.

The computer work places are connected to the internet ghrdigital modem connections of
minimum 64kB/s, either ISDN or DSL. The analogue dial-up emdconnections available
in some partner hospitals were not sufficient in terms of dpeaeailability and reliability due
to the bad physical quality of the telephone lines. Occadipmo separate physical line was
available or it was connected through the hospital’s tedeehswitch board disabling an internet
connection. For those cases a separate physical line wadiedsbetween the hospital and the
nearest point of presence of an internet service provideerret connectivity was established
through various local internet service providers.

13.3. Results

The clinical cases entered into ipath between Septemb&a&tdJanuary 2006, were considered
in the study. The study analysed the way Information and Comaation Technologies (ICTs)
did enable the development of the projected professiortalark and how the technology was
adopted by the user.

The following user and usage aspects have been analysed:

e Number of user and frequency of participation
e Characteristics of network participation
e Number and characteristics of cases presented in the rietwor

e Level and Quality of Interaction within the network

13.3.1. User statistics

From the total number of 80 registrations 61 (76%) origiriede Ukrainian and 19 (24%) from
international health professionals. Health professmsaimmarises Obstetricians, Gynaecolo-
gists, Neonatologist and Paediatricians. 14 (17.5%) pergest completed registration but did
never access the system - they are not considered to be @4e{32%) of the registered users
logged into the network more than 25 times, whereas 45 (68¢t$tered users logged into the
network less than 25 times. 11 users logged in more than tGfsti
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Obstetrics Gynaecology Neonatology Paediatrics Total

Presentations  22(11) 7(0) 8 (5) 6 (2) 43(18)
Consultations  43(38) 5(4) 27 (23) 6(3) 81(68)
Total 65 12 35 12 124

Table 13.1.: This table describes the distribution of cases. The numibdosackets indicate the
number of cases that received at least one comment. Out @Pthease, 43 were case presentation
and 81 were consultations. From the 43 case presentatibpd ®meceived any comments (42%).
From the 81 consultations 68 received at least one commé®)(8

26 (39%) registered users logged into the network at least daring the time period of the last
three months (11/05 to 01/06). 40 (61%) of the registeredsusave not logged in for more than
3 months.

There are active and non-active (only reading) users. 2%)38gistered users opened at least
one case for discussion and 29 (44%) registered users duidprone or more comments to
presented cases. 18 (27%) users are providing both, cadesbamments to the network. 34
(52%) users did never post a case or write any comment, 1Gesétreading only users logged
in more than 10 times into the system.

13.3.2. Case statistics

During the observation period 124 cases were opened. Alc#ses have been opened by
Ukrainian users; international users did not open cases.c@ibes can be distinguished between
pure clinical case presentations (n=43) and consultations case presentations with distinct

clinical questions (n=81). As tableIB.1 illustrates, sasepresented the fields of Obstetrics
(52%), Gynaecology (10%), Neonatology (28%) and Paed&(fi0%).

36 (29%) of the cases contained text only and 88 (71%) caedaimages e.g. morphologic
images of a body parts were contained in 42 cases, radi@lognages in 23 and ultrasound
images in 48 cases. For the cases that were presented wibsrttee number of images ranged
from 1 to 25 with an average of 4.7 images per case.

13.3.3. Comment statistics

38 (31%) of the total of 124 cases did not receive any comnm@dtof the cases received one
or more comments. From the 81 cases presented as consdta®o(16%) did not receive
any comment. From the total of 165 comments provided in theor 50 (30%) have been
provided within three calendar days. 21 Ukrainian user®pevided together 86 comments
with an average of 4.1 comments per user; 7 internationaltagether stand for 79 comments,
on average 11.3 comments per user. Requests for clarifisatidfinal outcome of the presented
cases were issued 32 times, but only 13 times a reply was.given
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users with most cases/session

Casey
Rank  Sessions Cases Session Origin
1. 8 2 0.25 Ukraine
2. 10 2 0.2 Ukraine
3. 5 1 0.2 Ukraine
4, 75 14 0.19 Ukraine
5. 6 1 0.17 Ukraine
users with most comments/session
Commentd

Rank Sessions Comments  Session Origin

11
1. 20 0.55 Int.
2. 10 5 0.5 Ukraine
3. 96 35 0.36 Int.
4, 17 5 0.29 Int.
5. 69 15 0.22 Int.

Table 13.2.: This table illustrates the characteristics of user agtibiy estimating the ratio of
cases and comments per session. The table shows the topvshesposted most cases/session and
who posted most comments/session. Interestingly, theitsas very asymmetric. While the most
active users posting cases are all clinicians from regibogpitals in Ukraine, the user most actively
posting comments are mainly international participamtgerestingly, none of the very active users
(100+ logins) is in either top 5 list.

To characterise the different usage of the system we settivéta(number of cases and number
of comments) in relation with the number of sessions (IogiAshigh ratio of cases per session
indicates that a user is mainly interested in using the tetBoamne platform for presenting or
consulting own cases. A high ratio of comments per sessiostiates that the user's main
interest is answering clinical questions. Table 113.2 ithtes that these two groups are clearly
different. The users with the highest case/session ragi@alaclinicians from regional hospitals.
On the other hand, among the 5 users with the highest comfeesdson ratio 4 are international
participants. Further it is interesting to know that nonéh&f most active users with more than
100 logins are among either of these two groups.

13.4. Clinical Application

The Wolyn Regional Children’s Territorial Medical Centrsad the platform mainly for distant
medical consultation of their patients. The descriptiothef patient history, the documentation
of the clinical problem in writing and with images and thenfration of the clinical questions
has been prepared in iPath. The team using iPath includesgmnys of different specialities
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6% 6%
13%

5

50%

75%
@ Neonatology ® Gynecology

= Selection of therapeutic management

Diagnosis specification and therapeutic

management selection
Information about Referral Center

O Surgery O Pediatrics

m Description of rare case

13% 13%

13%,
27%
13%

% 7% 7%
O Skin diseases
@ Birth Defects
0 Central Nervous System Lesions
0 Respiratory Organs Diseases
B Gynecological Diseases
3 Intrauterine Infections B<24h E<48h 0>48h O No Reply
B Genetic Diseases
O Vessels Diseases

E Figure 2: Consultations submitted by the
Volyn Regional Children’s Territorial
Medical Centre. For details cf. text.

B Complete ® Partial O Negative

e.g. Neonatologists, Paediatricians, Surgeons, Obstats and Gynaecologists. Neonatologists
used iPath more frequently.

There have been 16 cases uploaded since September 2003.4#gH). The objective of the
clinical integration of iPath was to obtain additional infaation from colleagues outside of the
own working environment in order to make informed decisidéSG data, X-Ray images, ultra-
sound and computer tomography images as well as laboratangieations were uploaded and
discussed using iPath.

Diagnosis specification and therapeutic management selegére needed for the patients with
skin disease, genetic disease (facomatosis, achondiaplBatients with intrauterine infection,
sepsis, hyperplasia of endometrium, bronchopulmonanglasgé and central nervous system
lesion needed the specification of therapeutic managemelditionally, a rare case of a child
with birth defect of the brain (holoprosencephaly) was dbsd. The information concerning an
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oppropriate choice of a Referral Centre was needed for amgatiith mandibulofacial disostosis
(Franchescetti syndrome). The nosological structure@iffioaded cases was diverse as it can
be seen in figure—13.4C.

The leading place is taken by congenital pathology as mare d&rad significant pathology for
correction and treatment. After receiving comments a cdihimeeting was organised, where
all recommendations and suggestions were discussed arpeos@lssts and they decided the
possibility to use them in this situation.

Most of the consultations were done instantly. This gavepbssibility to make appropriate
decisions e.g. to change antibacterial therapy, to coamificial lung ventilation parameters, to
provide differential diagnosis and additional examinaid patients.

The time delay until the expected information is receivedns important factor for the useful-
ness of this information. For 5 (34%) cases the informatioived within 24 hours, for 4 (24%)
cases it arrived within 48 hours. For 3 (18%) cases no answsmprovided within the network
(fig[I3.4D).Partial or complete satisfaction was giverhia tases when recommendations could
be applied in the clinical process. The counselling is aergd to be negative in case of no re-
ply because each request for information had a professiateaést and a clinical relevance. The
most efficient consultations resulted for the followingesisprovision of artificial lung ventila-
tion, antibacterial therapy, assessment of immunologesilts (fi I3 KE). Satisfaction of the
consultation for patient can be hardly estimated as it dépen the final result of the treatment
and this is not always objectively measurable.

13.5. Discussion

When the Ukrainian Swiss Perinatal Health Project intredua telemedicine component in
April 2003 the main goal of this initiative was to foster comnication between Ukrainian spe-
cialists and the involved medical partners in Switzerlamd estern Europe. The initial interest
was high and 80 users had registered. However, only 45 usgged in regularly and only 26
users logged in during the last 3 months. On first sight thgghtrseem as a very low rate of par-
ticipation it actually corresponds very well with the gesdgricture of such a telemedicine plat-
form. Looking at the iPath telemedicine server of the Ursitgrof Basel on which the project’s
application is hosted reveals a similar picture. Out of &HDO registrations, only about 1000
users are actively using the server. For the Ukrainian pestm this project, especially those
working in regional hospitals, the telemedicine tool pd®d an opportunity to overcome profes-
sional isolation and to share clinical experiences anduodgficult cases with specialists from
different countries (Switzerland, Hungary, France, USA aikraine). While the initial goal of
the telemedicine component was focused on the sharing atwhhpresentation of interesting
medical cases, it has become obvious that there is also astreryg demand for consultation.
Out of the 124 cases submitted to the telemedicine platfonty,43 were case presentations. 81
cases were submitted as clinical consultations.
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As tabld I3 illustrates, there was a distinguished diffee in the participation pattern between
the international and the Ukrainian participants in thevoek. Typically, the Ukrainian partners
submitted consultations while the international partreesproviding comments. Considering
the fact that one single doctor submitted 50% of the comnfeorts Ukrainian users, the input
provided by Ukrainian experts was relatively low.

From the technical side, establishing communication limks not so much a problem. The ini-
tial technical problems with connectivity through modenmigections could be relatively easily
resolved by upgrading the telephone lines form the main iteddelephone system to a new
telephone line installed by the internet service providelswever, technical connectivity alone
is not sufficient for successful telemedicine consultatioB1% of the presented cases did not
receive any answer and only 30% of the comments were suloimvitein 3 days from the pre-
sentation of the case. Out of the 32 cases in which furtherceli details were requested, these
were provided only for 13 cases. However, this seeminglydotvity also reflects the fact that
the application was from the beginning designed as a tooinformation sharing rather than
direct clinical consultations.

Additionally, some of the international consultants haeérbenwilling or unable to comment
directly inside the platform. They accepted consultatiopgersonal e-mail, but then only the
one person sending the email would be able to read their contsnaad the large part of the
group who was interested in this forum as a source of conptaféssional training would be
deprived of this input. As a way out, some users started toqgmaments, which they received
by personal email, into the platform to share these comnweithistheir colleagues.

Some participants perceived the use of English for caseisssans as a barrier for wider ac-
ceptance of the telemedicine platform among Ukrainianthgabfessionals. As a consequence,
some of the users from the Donetsk region founded an addlttegional forum using Ukrainian
language. In this group 25 cases have been presented ands#iddn Ukrainian. Additionally,
they also translated the user interface of iPath into Ukaaifanguage.

Based on the experiences summarised in this paper, the UB&HEbme to the conclusion that
the telemedicine component should be continued, but thetvavay of organising the workflow
is necessary. In order to find an appropriate form of orgénisand to plan the expansion of the
telemedicine component a “telemedicine working group” besn formed in Ukraine and this
group is now taking the leading role in defining the futureha telemedicine component within
the USPHP. The working group is currently planning the folltg steps:

1. To set up its own telemedicine server in Ukri,rlesing the open source iPath software.
This server will then be available for all medical disciggxsuch as dermatology, pathol-
ogy or radiology[22].

2. Organisation of a consultation service for clinical genbs in the perinatal medicine. This
service shall be organised in the form of a Virtual Institateeh as the iPath project is
already using e.g. in the telepathology projects[18].

2The server in Ukraine is now installed and data will be tramsfd in June 2006.

132



3. To enhance the quality of the case descriptions and thencmrication the working group
is preparing several consultation forms. These forms Wlidvathe users to submit the
description of their problem in a more structured and cotepleay. This should also
have a positive impact on the number of consultants’ reg®nas the medical problems
presented within this network are very diverse, a single aescription form will not
suffice.

The Ukraine partners are also interested in expanding ttveonle to the district level and to
organise interregional consultation groups. The intégmatf this consultancy services into the
daily clinical process will require an organisational sture to ensure timely and relevant replies
to clinical consultations. For such a structure, the ingakent of additional local experts who
are willing to provide their expertise is required. Additally the group’s activity has to be
moderated from a health professional ensuring that predeaises are according to the standards
set by the telemedicine working group and to ensure thasaaseforwarded to the consultants.

Finally, a second goal of the telemedicine working groumibuild up an organisation that will
be able to continue independently the telemedicine servélkraine after termination of the
USPHP project itself.

13.6. Conclusion

It has been shown that ICT is a valuable instrument to enalgless to information and to foster
the exchange of experience among national and interndticezdth professionals. It is con-
tributing to the continuous professional education and ewen increase the capacity of a health
system. On the other hand it became obvious that technollogye awithout the appropriate
structures behind which organise the network, the benegtsiat fully realised. The positive
experiences made so far encourage the project to furthetajethe network.
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The iPath telemedice platform developed during this ptd)as matured to a useful tool for the
organisation of telemedical collaborations, not only ighty developed nations but particularly
in areas with limited resources. Although the technicalefigyment of the iPath telemedicine
platform and its continuous adaptation to new needs as wedlugport and instruction of its
users presented the most time-consuming part of my PhDqgtrdjevould like to concentrate
the discussion on the results of its applications. A firstpt@awill discuss the outcome and
experiences gathered in the results presented above anplacé the results in a health sys-
tem context. So far the application of telemedicine in depiglg countries has been restricted
mainly to individual small scale projects addressing theueate need of an isolated institution
of health providers. ChaptErI15 will discuss if and how tedeinine can be used to strengthen
health systems in resource-constrained areas in ordelote tile population at large to benefit.
ChaptefI5M will look at issues involved with the large edalplementation of telemedicine at a
health system level and finally, before coming to the conchesy remarks, chapteril6 will give
an outlook on on-going projects that have resulted from thigities presented in this thesis.

This whole thesis is focused to some extent on telepathptbgyapplication of telemedicine in
the field pathology. This is mainly due to the fact that moshefwork was carried out at the De-
partment of Pathology at the University of Basel and thubgagy is the main medical field into
which | did get some detailed insight. However, many of thdifigs and principles are portable
to other fields of medicine. Although telepathology in dey#hg countries is sometimes criti-
cised as superfluous because the impact of a pathology disgaoften restricted by the limited
availability of therapeutic methods in poor countries,exsally for treating malignant tumours,
it should be taken into account that the remaining therapeptions are often associated with
drastic consequences[132] and that the decision is gntielto the surgeon or the attending
physician. Besides, pathology is important for the un@deding the physiological mechanism
of diseases and thus for the understanding the effects débleamedications. Pathology pro-
vides fundamental inputs on clinical decision making, cardus education of physicians and
finally it often provides the ultimate quality control foiimical diagnosis by other means.

137



138



14. Telemedicine In
Resource-Constrained Areas

Based on the iPath telemedicine software, an openly attedsiernet server was installed at
the University of Basel. Over time this server was used byraneasing number of groups
for many different types of telemedical applications of @hithe most important have been
described in chaptéll 7. We could observe different possipfgications of iPath and gained
valuable insight into certain mechanisms and problemseragsplication of telemedicine under
different conditions.

14.1. Telepathology

In two projects — one in Solomon Islands and one in Cambodiapie#=1il) — we analysed
the diagnostic accuracy and validity of this type of stone-forward telemedicine in the field of
clinical pathology. While both studies showed that withatelely simple means an acceptable
level of diagnostic accuracy can be achieved there are alse semarkable differences. The
telepathology diagnosis on submissions from Solomon disla@mow a significantly higher per-
centage of discrepant diagnosis (p<0.0¢4 = 26.3) than those from Cambodia. As tatle_14.1
illustrates, the difference was especially pronouncedifagnoses with moderated and marked
discrepancies.

While the two laboratories cannot be compared in terms dirtieal possibilities — the Sihanouk
Hospital (SHCH) in Cambodia has substantially better latwy facilities than the very sim-
ple lab at the National Referral Hospital (NRH) on Solomadansls — it is not very probable
that the differences in diagnostic outcome can be explaneethe different laboratory set-ups.

Table 14.1.: Diagnostic accuracy of telepathology

identical minor moder ate mar ked
NRH 69.3% 12.3% 8% 10.3%
SHCH 84.4% 8.5% 2.4% 3.3%
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Table 14.2.: The influence of different factors on diagnostic accuradye hon-relevant presents
the sum of identical, minor and moderate discrepancy. il relevant are only the marked dis-
crepancies. The figures give the percentage of specimeningitfificient tissue sampling, slide
quality, etc. (c.f. text)

Discrepancy Tissue Side Image Communication
Sampling Quality Selection
NRH non- 3% 3% 8% 11%
relevant
relevant 19% 7% 52% 41%
total 4.6% 3.5% 12.6% 14.6%
SHCH non- 2% 5% 2.5% 8%
relevant
relevant 14% 0% 57% 29%
total 2.5% 5% 4.5% 9%

Table[T4.P shows that the histological quality of the sliffesn the Solomons (3.5% with insuf-
ficient quality) was in general even better than those oflidesfrom the more sophisticated lab
in Cambodia (5% insufficient). The most pronounced diffeesis encountered for the quality of
image selection —in 12.6% of all submissions from the Solaosrtbe selection was not represen-
tative while from Cambodia these were only 4.5%. This fagtiy important as the selection of
images has been found to have by far the strongest cormelaitb diagnostic accuracy in both
studies (c.f. tab.10.4 and tBb.11.3). Tdble1 4.2 illusgdhat non-relevant image selection was
associated with over 50% of the clinically relevant (mapkéidcrepancies as compared to 8%
resp. 2.5% for the total collective. This difference canydm explained by the referring physi-
cian’s background and his ability to select relevant imdgesdifferent pathological conditions.

14.1.1. The Role of the Referring Physician’s Clinical Back  ground

The referring physicians at NRH are all surgeons (genebatimopaedic) who do not have any
special training in histopathology beyond a general higfplcourse that is part of the curriculum
for all medical doctors. It was clear from the beginning @& groject that training and guidance
on how to select relevant images had to be provided by theteepaihologists in some form.
However, it was quite unclear to what extent this would besjids using remote collaboration
only. FigurdIOM illustrates that there was a remarkaldegse in the quality of image selection
over time. The percentage of submission with relevant inssjection increased from 35% in
the first semester to 69% in the last semester observed. Mobale of the first changes of the
iPath system after the firstimages from Honiara had arrivasite introduce a coordinate system
that allowed the remote pathologists to refer to a certa@a an low magnification images from
which they would like to have more images at higher magnibeest
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In contrast to the situation at the NRH, the submitting ptigsi at the SHCH is a specialist for
internal medicine, who had undergone a one-year trainimgthology in Europe prior to start-

ing with the telepathology activities. The percentage &ecaubmissions with relevant image
selection was 76%. An increase of the quality of image seleaiver time could not be ob-

served. However, it must be noted that the SHCH study indw@dshorter time period than the
NRH study. A further study including more recent case subiors from SHCH is under prepa-
ration and might reveal insight on the development of thdityuaf TP services over time (c.f.

sectior”I&11). The different clinical backgrounds of thggtians was prbably also responsible
for the sampling of tissue for histological examinationogging). In the SHCH study, tissue
sampling was graded inadequate in 2.5% of all submissionthedNRH study these were 4.6%.

Furthermore, the clinical background of the submitting gbian determines the expectation
about the content of the report by the pathologists. Theesunrg from NRH soon complained
when the pathologist started discussing an interesting aad asked for one concise answer
rather than an academic dispute. The physician at SHCH aindid not object discussions
as they provided interesting learning material. The othéreene could be observed in the
“histopathology forum” (c.f. pagEh8), where cases are stibthby pathologist who often
even positively acknowledged an extended discussion gimsgible differential diagnosis and
further diagnostic possibilities.

14.1.2. Extending Existing Collaboration via Telemedicin e

In both projects in Solomon Islands and Cambodia telemeelicas played a major role in im-
proving collaboration within existing partnerships. Imt@st to site visits and organised training
courses, telemedicine is neither restricted by time nordxggaphical location of the partners.
This includes follow-ups after training courses, suppdrisiting specialists and students on
exchange programs as well as clinical tele-consultatiodsiéstance education.

The virtual community model as implemented by the iPathfptat has been found particularly
useful in this respect. In contrast to email which is veryfulsir collaboration on a personal
basis, the virtual communities on iPath facilitates cadlaion in a larger group and multi-
group collaboration. In these examples, the hospital in [@aiia had a collaboration with a
pathologist from Aurich (Germany), Solomon Islands wasadmirating with Swiss doctors and
a pathologist in Bangladesh was in touch with colleaguelserttK and South Africa. Thanks to
telemedicine it has become possible to organise a virtugleé'd team” with participation from
all these partners, which is now providing high quality expelvise to a number of projects. The
organisation of such a “virtual institute” has also beernywaluable for the delivery of timely
diagnosis in more complicated cases, but it would not haea ieasible for one single project
only. A certain minimal amount of activity is essential befdhe benefits of a virtual institute
outweighs the necessary organisation effort.
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14.1.3. Educational Impact

The educational impact of continuous access to consuiltatmd expert advise should not be
underestimated. While an individual consultation may igewvdirect benefits only for a single

patient, there is always some form of knowledge transfev@ated with a consultation. Such

knowledge transfer may potentially translate into a skikselopment for the involved physi-

cians. The educational impact of telemedicine for healtie gaiactitioners was explicitly ad-

dressed in the study on a teledermatology project in SoutltaAfchaptef12) indicating that

telemedicine can have a positive impact on skills develogrokthe involved partners although

the validity and extent of this possibility must certainlg bubject to further studies (c.f. sec-
tion[16.1).

14.2. Regional Networks

A second aspect extensively studied was the possibilibesafd the importance of regional
telemedicine networks. The benefits of telemedicine in treext of resource-constrained areas
is often viewed only in the form of international collabaaais — basically “outsourcing” medical
services to (volunteering) foreign specialists. Howetedemedicine can also provide powerful
tools for regional networks by facilitating and improvinglleboration between different levels
of health care in a certain region. While telemedicine asftranternational collaboration with
developing countries has received some attention[18, 56,1148, 172], there are almost no
reports on specific opportunities and challenges of utigjzelemedicine for improving regional
collaboration within a health system in a resource-coirsttharea. However, if telemedicine is
to provide a substantial impact on strengthening healttesys fostering regional collaboration
is probably the most important aspeci[53].

Nonetheless, it is more likely that telemedicine will starform of international collaboration.
However, if strengthening of a health care system is enedaglemedicine applications should
be designed in a way to promote not only North-South collaton but also South-North and
most importantly South-South partnerships. If a projeds fio include the regional medical
specialists into the telemedicine activities, they mayilggeerceive telemedicine as an unfair
competition to their own services and thus try to prevennifgslementation on a larger scale.

When delivering telemedical advice to developing coustiitsshould not only be correct but also
relevant. The therapeutic intervention recommended framz8rland, based on latest evidence,
may not be applicable in Solomon Islands due to financialtcaimés or unavailable infrastruc-
ture. Telemedicine is often utilised for making referratideons. For a successful outcome it is
important that a patient is referred to the most approphatdth care facility but preferably as
close to his home as possible. In this situation the invokmof the regional medical specialists
is vital.

Within the scope of this thesis two regional networks cowddstudied. The telemedicine server
at the University of Transkei was implemented to serve aslaieally independent platform for
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various telemedical collaborations within the EasterneCaggion (c.f. chaptdér12). It was well
accepted by the existing teledermatology project. The taron@tologists, who are working for
the public health services of the Eastern Cape, could béyeastivate to use it. In addition,
dermatologists form the University of Cape town also sthrtehelp with the consultations. Turn
around times for dermatology consultations were substiiynteduced after the introduction of
the regional network. However, the network failed to depedmnificant activity beyond the
teledermatology project. Although the initial interestsaggnificant, it has not been possible
to motivate a local clinical champion for any other disaneliwho would initially promote the
idea. In addition it seemed that there was a strong competitetween different technical pro-
moters of telemedicine in South Africa. Various projectd baen carried out, but technology
had stayed mostly underutilised[60| 61]. A collaboratieitween the different technical projects
on a national level was not established and it seemed thpt@#cts were trying to keep their
few clinical applications tied to their technology rathleamn investigating into ways of deploying
telemedicine at a health system level. In 2003, the DeparttmieHealth of the Eastern Cape
province was planning to use the UNITRA telemedicine platffor an extensive teledermatol-
ogy network including initially 10-20 primary care cliniegthin the province. Unfortunately
these plans have not yet been put into practice and it hadrihiubeen possible to study the
feasibility of such an approach.

A second regional network observed during this project vaastélemedicine initiative of the
Ukrainian Swiss Perinatal Health Project (c.f. chajpidr. 18jtially the project tried to inte-
grate telemedicine into their program as a tool for conngcgierinatal specialists in Ukraine
with partnering specialists in Western Europe. In a firsiwaton workshop it was found that
the Ukrainian partners welcomed the input from the spesteafrom Western Europe, but they
wished more participation form the Ukrainian medical spksis. To improve acceptance of
the system, the user interface was translated into Ukrailsiaguage and case discussions in
Ukrainian were promoted. In 2006, a separate iPath serneesiablished in collaboration with
the Mohila Academy School of Public Health in Kiev. The iPatiftware was installed on
their existing web server. After successful testing of gesver, all data from the iPath-server
in Basel (cases, comments and user accounts) were tratsterthe new server in Kily It

is envisaged that the Ukrainian partners in the projectsatithe telemedicine tool to improve
national/regional collaboration and communication infileé of perinatal health and possibly
other medical disciplines.

Technical problems for the installation of independentiaegl networks based on the iPath
telemedicine platform did certainly existed, but they mdwo be the lesser barrier to successful
implementation than the organisation and participatioregfonal users. The web- and email-
based platform running on a low cost Linux server has bedmtieally very stable and even the
frequent power failures and network outages at UNITRA ditsudostantially compromise the
system. Within an existing organisational setting (e.giversity) it is relatively easy to set up
and run such a platform. However, successful implememtaticuch a network largely depends
on the local clinical champions and on a fruitful collabayatbetween clinical and technical

Ihttp://ipath.ukma.kiev.ua/
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partners. There must be at least one clinical partner whalismgvto develop a fundamental
understanding of the necessary organisational framewokrder to be able to translate the

technical possibilities into real clinical application.
Regional networks are most useful to implement telemedieinthe primary care level where

language, cultural background and familiarity of the expeiith the local situation are of partic-
ular importance. For the organisation of medical spec¢iaksvorks, the limitation to a regional

audience can also have a negative impact[25].
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15. Telemedicine and Health Systems

Telemedicine has often been suggested as a possible solatimprove health care delivery
in developing countries[52, 68, 168, 171]. It has been wWetlumented that telemedicine is a
viable option for improving care in a wide range of medicat@plties. The analyses in Part
Il demonstrate that telemedicine can deliver timely arghhi accurate remote diagnoses and
decision support in areas with limited resource where nallsgecialists are available. However,
telemedicine has mainly been used in individual care andsfaated consultations between
distant specialists. Available reports on the applicatbtelemedicine in developing countries
are mainly descriptions and analysis of small scale prejd@t improve care delivery for few
individuals — usually with the help of volunteering foreigpecialists[18, 22, 67, 70, 116, 140,
172]. If the population at large is to benefit from telemedkgiit must be integrated into the
health system in a way that the whole health system and tleysapulation at large can benefit
from it. Although an implementation at a system level is faydnd the limited scope of a
PhD thesis, | would like to discuss in the following a numbgmaportant issues that we have
observed throughout our projects.

In a market driven health economy, where patients and inseraompanies pay for the bulk
of health care costs, or in situations, where research fanelavailable, it is to be expected
that telemedicine solutions which increase quality of aarevhich reduce costs will be devel-
oped and marketed without direct stimulation from the leedtre authorities. Most successful
telemedicine projects have been driven by either the nefgtie cvolved clinicians or by a clear

busines model based on economic considerations. Techndiogn projects have been much
less sustainable; and those projects organised by healtbrédies did often not meet the needs
of the targeted clinicians well enough to be widely accepted

In countries with limited resources the situation is funéamally different. The majority of
the population lives below the poverty line; the tiny uppkss that can afford private health
care are often seeking it abroad. Thus, basic health caveesgifor the masses are provided
by the state and often by charity organisations. Even ifmelgdicine is proved to efficiently
and effectively improve care delivery at the level of prignaare, it is unlikely that it will be
adopted by primary care staff on their own initiative as ¢hare usually no means available. In
a resource-constrained area telemedicine can only previdistainable and beneficial outcome
for all if it can be implemented on the health system level.e Thallenging question for the
future development of telemedicine is if and how it can bdestap and integrated to a level
where it can really strengthen a health system at large.

In the situation where resources are available for a botipnapproach in which the health
practitioners can organise themselves and choose how telasgedicine, then the role of health
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authorities is mainly to develop appropriate guidelined atandards on security, safety and
ethical issues of telemedicine. However, if a health castesy is centrally organised and if

the implementation of telemedicine is considered on a regdior national scale rather then by

the individual (primary) care providers, a number of funéstal aspects must be considered.
Successful implementation of telemedicine will depend pbeheficial outcome, 2) acceptance
by all involved partners and 3) cost effectiveness for tfﬁthesystelﬂ.

15.1. Potential Benefits

Telemedicine is an exchange of knowledge and informatidwdoen geographically separated
partners of a health care systems with the aim of improviratheare delivery. Information is
exchanged between defined partners for a certain purpose.Want to understand the benefits
of such an information exchange we must understand thereliffgourpose, of information ex-
change and we must consider its value for the different pastimvolved in a health care system.
The less resources that are available the more importantatimplement telemedicine in a way
that as many of its potential benefits can be unleashed.

15.1.1. Purpose of Information Exchange

The purpose of transferring information from one locationanother can be that of a con-
sultation, it can be education of health providers or it mégo &e general health informa-
tion/knowledge access (fig.15b.1). Consultations arisenfem immediate medical problem —
one individual within the health system (patient or clinistaff) approaches a distant expert
with a concise question and the information returned istad especially to this very situation.
Consultations are generally most closely associated toetime telemedicine. However, if we
recall the definitions of telemedicine in the introductigage[ID), distance education and dis-
tance access to health information (evidence) are as muitbfg@lemedicine — distance medical
collaboration — as consultations.

Typical educational applications are driven by teacheilssiniy communication technologies
to deliver educational material over a distance to the peryp (primary care, patients). While
e-learning and tele-education are only slowly getting cammeality, access to medical infor-
mation has already become almost unthinkable without IGdday, library catalogues, articles
in medical journals and scientific databases are accessedrpy in electronic form.

Short development cycles and global penetration of ICTsanakempting to develop elec-
tronic systems for information exchange tailored to a vergc#fic purpose only. Compared

1A major complication with the latter is that the costs of ltleg@rovision are bourne by multiple entities. Even if
telemedicine does lower total costs, it is very well possthht costs or work load may increase for one specific
partner involved. For example, if primary care centres akmnitedicine for referral planning, this increases the
work-load of the primary care centre. Costs are saved fop#irnt and for the referral hospital. It is thus
iportant to consider costs for the total health system,@appeif it is financed by the state. (c.f. sectibn15.3)
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Figure 15.1.: Technology facilitates the exchange of information fofediént purposes. The large
circles illustrate the main purpose of exchange in the na¢dield: access to medical information
and knowledge (evidence base), education and consultati@chnology should place the users in
the centre of information flow enabling them access to alllkdhinformation. Interaction between
the different fields are visualised with the dotted arrows (ext).

to the traditional universal position of universities,#és in increasing tendency towards an “e-
fragmentation”. This neglects the fact that consultaticolg&aboration, education and research
(resulting in generally valid information) cannot be sepad from each other: A consultation
often includes a fair amount of educative information; edtaions provide valuable input on
what type of continuous education is necessary; lateshsieresults and evidence should al-
ways flow back into education; collaborations are importantjuality research. In figule15.1
these interactions are illustrated with the dotted arrows.

It should also be considered that technical access to his&tthmation (journals and books) is
not by itself enough for successful dissemination of infation. For many health providers,
especially those who are not English native speakers, thexdigh initial hurdle to use such
information as evidence to improve their own practiseidhituman collaboration is often neces-
sary to lower the barriers to start using available infororatlf such collaboration is not possible
face to face, telemedicine offers a very viable option fahstele-tutoring. We have regularly
observed that consultants would direct the case submitjeutnal articles or even include the
full text articles with their report.

For a person working in a functional academic environmei#t ‘th-fragmentation” does not
impose any particular disadvantage, maybe except for tttetfiat an increasing number of
different computerised systems and software have to beeneaistin areas where resources are
constraint, where specialists are few and far between amederdgeneral academic environment
— providing access to information, education and exchanigfe eolleagues (consultations) —
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is not very well developed it is important to take care thahtelogy is not increasing the gap
between the partners of a health care system. For strenggfeehealth care system it is essential
that all aspects of information exchange (consultatiomcation and knowledge access) are
addressed.

Noteable, most of the feature request by users of iPath wetieei direction of improving its
capabilities of managing accumulated knowledge. Thisuishet! the possibility to insert links
to articles on medline and to attach full-text papers to atitasons. Furthermore, a taxonomy
system to precisely label any object within the databasedes, cases, articles) is now in de-
velopment. This taxonomy module will finally enable crosdding of all content stored in an
iPath-server. Another pending request is to create a pbisib re-use consultations as “learn-
ing problems” that can be presented to students.

15.1.2. Partners in Information Exchange

The primary aim of health care is to improve the well-beindghef individual patient, and thus
improvement of individual care is often perceived as a priingwal of telemedicine. However,
taking direct impact of a telemedicine consultation on thicome for the individual patient as
sole measure would be falling short of the potential benefitelemedicine. There are many
other ways in which telemedicine, if properly implementeah help to strengthen a health sys-
tem and thus ultimately improve the individual’s situation

A proper understanding of the different possibilities hdwe tealth system can benefit from
telemedicine is fundamental for a successful implemeortain a larger scale. If the planning is
focusing only on one type of application, it is much more lykinat the achieved and perceived
benefits will not outweigh the costs of the involved techigglo

In this section | will go through different levels of a heatijistem and summarise the potential
benefits that telemedicine can offer at each level.

Patients

In the centre of interest in health care is usually the pati&fthough the telemedical applica-

tions studied in this thesis are not patient-centric in thiese that the patient directly interacts
with the telemedicine technology, there are still majordfgs for the patients. The most com-
monly encountered benefit for patients is that telemedisumgports the local health provider
with improved diagnosis which often translates into betteatment for the patient. A good

example was presented as a case study in chiagter 12. Inutiistsiemedicine had a positive

impact on treatment in over 50% of all cases.

Unfortunately it was not possible to study this impact ongrds in the telepathology studies
(chaptefH-111). Patient records were often not availabietla@ capacities to conduct and docu-
ment follow-ups were not available. In addition, for patig)} diagnosis it is generally difficult
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to define clearly the outcome of a better diagnosis for theepbn the short term. Such effects
are only measurable on a long term basis.

In places where telemedicine has been implemented on aardgasis in primary health care it
could be observed that the mean duration of chief complaatdcbe drastically reduced[15].
The benefit for the patient was also reflected by the fact thaall patients surveyed were either
"very satisfied" or "satisfied" with their care, and most @ats were willing to pay for a visit,
with a median amount of USD 0.63”[15].

A second important impact on patients is that telemedicare leelp to improve referral pat-
terns. In rural areas the number of referrals from primaigithecare centres to district clinics
is often minimal due to a low acceptance rate by patients. oppmsite is true for urban areas
where many unnecessary referrals lead to congested Hegpeting with problems that could
be addressed at a primary health care level[13]. In rura@sardistances between hospitals and
primary health care centres are often long. Even if trartagion is available, the cost of trans-
port is a heavy burden for the often poor patients. Telenweelican help to give the patient a
better understanding about the necessity and implicatibaseferral.

However, the most important benefit for the patients willqaioly be a very indirect one. If
telemedicine can help to improve the skills of local healbvders (c.f. chaptdr12) this will in
the end make the largest difference for patients in gensrtielocal health provider will grad-
ually improve his diagnostic skills and will thus be able teat more patients more adequately
in the future.

Primary Care

In many parts of the developing world primary heath careresntclinics, and small hospitals
are the backbone of the health care system and deliver théda of medical care. Often these
centres do not even have fully trained medical doctors kitam by nurses or clinical officers.

While nurses are skilled in direct patient care, they do radlymot have adequate training and
experience in diagnosing certain types of diseases. Inuatgih where the health professional
at the primary health centre cannot diagnose the type oasiésehe patient is typically referred
to the district hospital.

Bossyns et al..[13, 14] observed that these referral systeensften functioning very poorly in
rural Africa. Besides financial constraints, the noted atlsts are passive patients that do not
understand properly the need for a referral and primary s@f¢that are “... reluctant to refer
because they see little added value in referral and fearsadibpower and prestige”[14]. The
result is poor communication between health facilitieschtagain hampers the well-functioning
of the health system[78].

In contrast to physical referrals from which the rural amiusually do not get any feedback
telemedicine poses the primary health worker in the certactivities. Tele-consultation with
the specialists from the referral centre can either prothaeprimary health staff the necessary
diagnostic input to treat the patient locally or they mayfaomthe necessity physically referring
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a patient. In addition, tele-consultation would provide grimary health centre with an implicit
continuous medical education which is often very rare iftotdlly absent in rural Africa.

In many developing countries young doctors are obliged tatdeast part of their residency in
form of “community service”. They are often reluctant to dosecause they do not yet have the
clinical experience in dealing with a lot of the medical geshs encountered. Furthermore, in
order to foster their own personal career and in order tafyual full registration with the medi-
cal board they need to get specialist training. Traditigndie only way to get advanced training
is working in a larger medical centre where senior spectsatise available. A telemedicine link
to appropriate specialists could improve the situatiordfmtors on community service by giving
give them the possibility to stay in continuous contact witéir tutors for clinical consultations
as well as for continuous trainingl53]. In a needs assessoagned out with medical residents
in Cameroon, Scott et al [134] found that most of the survegsdients (n=17) indicated that
the ability to contact a mentor would have altered their hiagdf recent cases (84%). Every
resident had access to a mobile phone and 65% had used ittectammedical colleague for
guidance.

It is noteworthy that the benefits of telemedicine for prigneare in developing countries has
hardly been demonstrated. Benefits, especially for betfernal planning, are only possible
if telemedicine is well integrated into the health systenhisTis a big problem in developing
countries. Advocates of telemedicine prefer isolated kégh solutions over integrated services
that rely on basic technology like telephones, VHF radio, Efjuipment from the industrialised
world is often not directly applicable, and technology tiseappropriate is often not considered,
partly due to lack of local specialists.

Medical Specialists

For medical specialists there are different types of paebenefits. Especially in developing
countries and rural areas there are few specialists andttieysoften work under profession-
ally isolated conditions. Outside the main medical centyggzortunities for continuous medical
education are rare. Telemedicine is very suitable for aming professional isolation and it
can give access to quality assurance and to continuous atedigcation without expensive and
time-consuming travelling. Telemedicine offers an oppoitly to get a second opinion on a
complex case even if there is no other specialist availabilea same place.

Medical sciences are progressing very quickly. Diagndetits as well as therapeutic interven-
tions are changing and the life of a specialist is that of tammtdearning. Medical professionals
in developing countries are often cut off from new developta&ue to various reasons: access
to scientific publishing and updated text books is limited;hange with colleagues is hindered
by distance, coordinated continuous medical educatianides are non-existent and travelling
to international conferences is often not affordable. Botated specialists modern ICTs of-
fer ways of communicating with other specialists. The Ipatbology forum (c.f. pageb8) is
a very good example of this type of application of telemeuci The forum is organised as a
virtual community with participating pathologists fronl abntinents. Consultations and case
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presentations have so far been posted by 18 different majistdé from India, Brazil, Lithua-
nia, Armenia, United Arab Emirates, Myanmar, Uzbekistad &ftom other countries. Over 50
pathologists have participated in discussing these casesaviding not only diagnostic input
but also literature references and occasionally copiesilbtdxt articles. The log files of the
server reveal that there are many participants in the fohahdo not post their own cases or
write their own comments, but who are regularly following ttiscussions. This clearly indi-
cates that for many participants following a case discumssfcsenior pathologists is at least an
educative past-time if not some form of unorganised CMEti€adarly interesting is the recently
increasing sharing of literature references on iPath. Gaiyie pathologists have good access to
scientific literature, either through their library or thigh programmes like HINARI2]. In ad-
dition, the huge amount of available literature makes fialift to find good articles which are
relevant to a specific problem, epscially for junior spestal

In many medical fields clinical decision-making is basedl@diagnostic input from a number
of specialists. Oncological treatment plans are typichiged on the information provided by
pathologists and radiologists. Difficult cases are fredyeiscussed in “tumour board meet-
ings”, which bring together radiologists, pathologistscologists and other clinicians involved
in the treatment of the cancer patient. Steintual care teams” can be greatly facilitated with
the help of telemedicine. There is currently no example fimhsan application from a resource-
constrained area, but the “Oncology Centre Lérrach” (cdgghb6) may serve as illustration.
Since 2002 almost 500 cases presented and discussed atthaionalised oncology meetings
in Lérrach have been documented on iPath jointly by the argists, pathologists and radiolo-
gists, who are notably all working in different location®dhy the telemedicine tool has become
an integral part of the oncology meetings: interested te@mbers can look up the material be-
fore the meeting; during meetings all material is presediegttly from the telemedicine system
and no longer from transparencies, slides and PowerPaseptations; conclusions are often
annotated in the system and after the meetings every emitcan at any time from anywhere
review all material. As a side effect, the group has built apabdase with over 400 oncology
cases containing relevant radiology and histopathologges which now build a reference and
teaching repository.

At present the medical specialists are certainly the seaifttihe health system in developing
countries that can most readily benefit from telemedicinéerOthey already have or can af-
ford basic infrascruture: essentially this is a digital emanand a PC with an Internet connec-
tion. Their medical background also allows them to reldgieasily integrate with international
communities of specialists: through communication by éwraby participating in on-line dis-
cussions such as those on iPath or by contacting speciaigenliltation services such as AFIP
telepathology[1€3], the UICC telepathology consultatbemtre[40] 101] or telederm.org[136].
It is worthwhile noting here that collaboration with deveilog countries can also be interesting
for specialists in the industrialised part of the world. &=V pathologists working as consultants
on the iPath server at the University of Basel have indictéttetla motivation for doing so is,
apart from the humanistic aspect, the fact that they getdorsmny interesting and rare pathology
cases which are hardly seen in Western Europe.
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Health Care System

The impact of telemedicine on a health system is very diffitnassess. Improved diagnosis
for individual patients and skills development for the hiegdrofessionals are only one part of
the potential benefit of telemedicine for health care systeimm many African countries the
health system is organised by a two-tier district approaith ealth centres offering proximity
care with relatively low technology while district hospgg@rovide back-up for patients referred
by health centres[14]. Although proposed referrals areegdly accepted by the patient, the
compliance rates are often relatively low due to variousoea. Bossyns et al. report that in
rural Niger “62% of emergency referral proposals for crelibelow 5 years were not complied
with”[L3]. Even if patients visit a district hospital, theers usually no feedback from the district
hospital back to the nurse at the health centre. These cateuntes are neither a satisfactory
solution for the patients nor very motivating for the healtbrkers to improve their own skills
and abilities as they perceive the situation purely as ldckeans and resources available at the
primary health care level[l4]. Telemedicine would be araideol to address both issues. A
telemedical consultation could clarify if a physical reédrof the patient is really necessary, and
the consultants could also provide some information aboeiteikpected duration and planned
interventions. Many referrals could become unnecessatiyeaseatment could be delegated to
the health centre. As the health centre is initiating therraf process with a tele-consultation,
there is an immediate feedback for the nurses. Even in tbhatgh of a physical referral the
physicians at the district hospitals could even use thenetkcine link to provide the health
centre with records and to receive follow-up informationpatients’ status after they returned
back to their homes. Anillustration of the capabilities@fs in terms of preventing unnecessary
referrals was provided in fig.12.3.

Telemedicine can also play an important role in establgsliisease registries or generally in
collecting epidemiological data. A problem with classiogborting systems is that they are of-
ten organised only in one direction where the periphery msgowards the central authorities.
Health staff are sometimes reluctant to provide accuradetiamely data and statistics as they
do not get any immediate feedback or direct benefit from tiegiorting. Although telemedicine
cannot change this problem itself, the bi-derectional comication provides an immediate feed-
back. Furthermore, consultative activities can give alseréain immediate picture about some
of the health problems within a region.

15.2. Acceptance

Even if theoretically benefits of telemedicine are convigdhis does not imply that telemedicine
will find good acceptance with all stakeholders involvedaltte care professionals are working
on a very busy schedule and there is not much time to learn aleautechnologies.

In many developing countries nurses and doctors get no gmomlimal exposure to ICTs during
their training. Similarly, many of the senior medical sgdisits that are willing to participate
in telemedicine projects do not have an interest primarilyeichnology, but in sharing their
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knowledge in a particular field of medicine. In our expereeiicere are two technologies that
most health professionals master on their own — mobile phanel Internet/email. Chances
that telemedicine is accepted by the involved medical stafhigher if it is based on familiar
technologies. In contrast, if staff have to deal with too mspecial equipment which does
not have any practical application within their normal wdrkt suits telemedicine only there
is a higher chance that technology will not find good accemarThe experience with video
conferencing in South Africa may serve as an example. In gmnoénces a number of video
conferencing systems have been set up within a nationahégleine project. Especially in rural
settings several problems could be observed. Many proiesis were reluctant to learn how
to use the equipment on their own as it was perceived as sorgdttat they knew they would
never use for their purpose. The same people all had mobilegshor TV sets and mastered to
handle those easily without any particular training effort

A fundamental misunderstanding is that acceptance witk@se proportionally with interactiv-
ity and speed of connectivity of a telemedicine link. The mabprofessionals perception of
“speed” of a telemedicine system is not directly relatedgdrue technical speed, but rather on
how quickly they can finish a task. Synchronous telemedisoiations such as video confer-
encing (VC) are able to accommodate immediate tele-caatgardis, but only if all partners are
available at the same time. This requires a tight schedweatamplies that a delay at any side
will equally affect all participants. In the busy day of a ikaare professional any unnecessary
delay is usually perceived very negatively. In situatiorneve store-and-forward is possible it is
often much more feasible and acceptable although it doesffevtthe interactivity and speed of
real-time consultations. A nurse in a primary care centresasily take images of a dermatolog-
ical lesion with a digital camera and send them with a shamtaal description to a dermatology
consultant. The consultant can review the images latepienigently. Reviewing a few still im-
ages and writing a short report is often much quicker thatimgafor the patient to undress and
pose in front of a VC-system and then to explain to the patedtnurse the findings and further
proceedings.

15.3. Cost Effectiveness

A common problem with the implementation of any new techgglé its legitimation with
regards to cost effectiveness. For technologies suchaséglicine which involve partners from
different levels of a health care system it is very difficolestablish actual costs and savings[63,
160]. Direct investments for infrastructure vary greatgpdnding on the chosen technology.
Many real-time telemedicine applications call for highlyesific and expensive technologies
such as video conferencing or robotic microscopes and detichigh speed communication
lines. In contrast, store-and-forward solutions often dbrequire anything except a PC, which
may already be present in many cases, and a simple digitareartf telemedicine can run on
existing hardware and communication lines, the additidiralct costs are minimal.

However, looking at the hidden costs gives a much more congatture because the application
of telemedicine often changes the medical work-flow dra#i{i@and shifts costs from one entity
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to another. While the application of telemedicine may sastsat one side there are increased
costs somewhere else. In addition, the main aim of telernreglis often an improvement of diag-
nostic security, reduction of turn-around times or the adiooal value of information exchange.
All these factors do not directly translate into cost sasirgstimates about cost effectiveness of
telemedicine can thus not be given in a general way, but nhwaiya be determined with respect
to a concrete application. If the costs for travelling oiiting) a specialty clinic are relatively low,
telemedicine may not be cost-effective. However, if thedfiés of technology and knowledge
transfer are considered|75] or if transportation is exp&f$2,/87, 88], investment in technology
may be cost-effective.

15.4. Deployment Strategies

Advocates of telemedicine have raised hope that this tdogyovill solve many of the problems
of delivering quality care regardless geographical digtanlt is thus tempting to believe that
the situation in rural clinics will improve automaticallyity the installation of the necessary
technology. The experiences from national/provinciaheklth projects, e.g. from Australia[33,
180] or South Africa[60], teach us that it is not as easy atallnsg some nifty technology.
Alhough installed equipment was technically working it veden severely underutilised. In a
country like Australia, where basic infrastructure suchtedscommunication lines and power
supply is reliably available, it was found that it is not soehdechnology but the human factor
that tends to determine success or failure of telemeditime2source-constrained areas this will
not be different but the unreliability of basic infrastruct requires a much more careful selection
of appropriate technology.

For the successful implementation of telemedicine on aelasgale it is crucial to consider a
number of issues during the planning phase. In order to beesstul, telemedicine projects
must be technically feasible, medically valid, reimbuteady government-funded and they must
be institutionally supported. Although the projects asaly in the scope of this thesis have all
been of a relatively small scale, it is possible to learn steasons from the limited experience
and to draw some conclusions for the future.

15.4.1. Selection of Technology
Selection of appropriate technology is of crucial impoc&n Investments in technology are

often the highest initial costs of telemedicien projectpexially in areas where the penetration
of technology is generally low. Key issues for selectinditesdogy include the following:

Considering the Weakest Link

When planning a telemedicine network it is essential to icemghe (technologically) weakest
link. The fanciest telemedicine receiving station is useiéthe sending station is not operational
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due to lack of stable electrical power or due to unreliablecemmunication lines. The highest
image quality is useless if transmission lasts hours. labolration with partners in low resource
settings is envisaged, there must be at least a fall-badkadehat works relatively reliable also
for the most remote site of all partners involved. When weteththe collaboration with the
National Referral Hospital on Solomon Islands (c.f. cheBt& @0), iPath was only offering
web-based access. The experience from submitting the dinstéses over an extremely slow
connection and the frustration when transmission was stppthe middle brought up the idea
to use email to submit cases. When submitting a case by eélmahhysicians in Honiara could
prepare all cases off-line in their email client (OutlookpEass) and then send them all at once
in the background telling the email client to disconnectrimedem as soon as all emails were
sent. Since the common email protocol (SMTP) is very robwsthardly observed any loss of
data even on the slowest network. Another advantage of conmamion by email is even much
more profane. Before implementing the email interface Rath, physicians had to log in on the
web site to check for diagnosis on their latest case. Afterittroduction of email they could
receive all comments conveniently in their personal emhittvthey were reading regardless of
the telemedicine activity. After some time it happened teatain case submitters had forgotten
that they were actually communicating by email with a welvseand not with a person.

Using Common Technology

In order to keep initial installation costs at a minimum Heban the interest of long-term sustain-
ability it is useful to deploy commonly available technojod frequent mistake in telemedicine
implementations is not to plan for continuous support ohtextogy in rural areas. It is much
easier to find on-site support (commercial or on voluntarsig)dor common technology such
as dial-up Internet connection over phone lines and ordiR&s with standard software (email
client or web browser) than it is for some special purposéd\uare. A pathologist in Bangladesh
was waiting for months to get the CD-Rom with the softwaretfi@r special purpose microscope
camera that he had purchased because the companies sedesemégtive would visit Bangladesh
only few times a yedr The software for more common consumer-type digital prentogras can
be usually downloaded from the web and the local vendors ftan also organise copies of the
software.

If telemedicine technology is not regularely used, ther@se the danger that a minor fault de-
veloping in-between two sessions is not detected and tihaeswently the system is not readily
operational by the time when it is needed. For example, vi@derencing systems usually
rely on ISDN-lines. In primary care facilities in rural SbuAfrica such lines are often installed
exclusively for this purpose. If there is a problem with tIiN-lines, it will stay undetected
until the next video conference session. A problem on thenarg phone lines would have been
identified by the first person trying to make a phone call.

Another issue is that the use of common technology usuailyires less specific training. Health

2The necessary software was finally organised from the reptatives in Switzerland and was sent to Bangladesh
via Basel.
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care professionals have a reputation of being extremelictaht to use new technologies. If
telemedicine relies on some special purpose technologhéadth staff would not use otherwise,
it often requires quite some motivation to win their intérasd they will need extra training. If
it is possible to use a more common technology that they asa@y familiar with — for example
mobile phones or sometimes Internet/email — the hurdle ¢oituglso for telemedicine is less
high.

Multi-Purpose Technology

The basic infrastructure for telemedicine is often not #meand can be used for different pur-
poses. Costs could be minimised by sharing infrastructetesden different applications of
ICTs. This effect is not necessarily obvious in pilot praggeavhere telemedicine is often re-
garded as a totally separate application: a personal canpith an Internet connection may
be even more costly than a video conference station. Howiéveoking at costs from the per-
spective of the health system, then a PC can potentiallyesaany more purposes than the VC.
The PC can be utilised for general office work, email commatioa, literature searches, record
keeping and statistics as well as for telemedicine.

The feasibility of using general purpose equipment for ipldtpurposes largely depends on the
kind of medical problem that is being addressed by telenmaelidn a mission critical situation,
where the patient’s life is at stakeand where remote intd¢ioes or diagnoses are required, the
reliable and safe operation of telemedicine is of foremostern. The situation in most develop-
ing countries, however, is different insofar that the prgoal of telemedicine is often to support
and empower the rural health care providers. Besides, plecapon of one type of telemedicine
is often inducing the need for another type. If pathologygdises are becoming readily avail-
able, the next question will be how to proceed with treatm&hts, taking into account the fact
that there are a number of different applications of telamied (c.f. sectioi_I5]1), it is advis-
able to plan right from the beginning towards a network aitaydifferent kind of applications

if possible based on one common technological platform.

15.4.2. The Process of Implementation

Probably the most important single factor for a successalaf telemedicine is the process of
implementation. The implications of integrating telentéok into health care systems and the
associated problems have been extensively studied in @dnadennet et al[v1, I73,172]. They
found that the integration of telehealth into health systbemefitted from staged implementation
and from building on each community’s cultural context. geg records of best practices and
lessons learnt as well as systematic evaluation are signifior the roll-out and success of
future implementations. They also stress the importangeadiness’ of the environment which
can be improved by means of a staged approach that give$ statt, administrator and the
communities time to adjust to the changes associated wamaglicine.
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The most 'telemedicine-ready’ community in a health cargteay in developing countries are
the medical specialists. They are aware of the importancemtiinuous medical education and
interaction with colleagues and are thus very susceptdrléhe possibilities of telemedicine. In

primary care, especially in rural areas where the exposumdmmunication and information

technology is minimal, the situation is quite different.wiil need concise strategies to create
awareness on different possible applications of telenmeglitechnology and to minimize the

barriers that often prevent their use. In the following IIvigt the most important strategies

developed or observed throughout our own projects.

The Local Clinical Champion

An important role in the implementation process is that efldtal “clinical champion?[47, 145].
In the initial phase the clinical champion’s role is that o¥iaionary pioneer who can create
awareness and interest. Later the role changes to that efdtiecate and coach. The clinical
champion has an important role in lowering the behaviotweahnical and institutional barriers
that often exist towards the use of telemedicine. Idedy,dlinical champion is a doctor or a
nurse working in a clinical setting: this greatly helps tegeelemedicine focused on the clinical
needs.

Personal Motivation

Health care professionals are frequently burdened withmandnse workload and tight sched-
ules. Most clinics in developing countries are not adedyataffed to deal with the amount
of patients and there is often additional administrativelwihat is left with the health care
professional due to a lack of administrative personal anchefficient administrative organisa-
tion. Most primary health care staff in developing courgidee not familiar with computers and
other information technology and there is a tendency thatteehnologies such as telemedicine
are perceived only as additional workload. Thus, there megaly a high initial hurdle to use
telemedicine and the idea is not often encountered with maoke except with the few enthusi-
asts. In this situation it is often necessary to communitteggotential benefits of ICTS and to
create a certain motivation for people to start using it.

Motivation is generally stimulated through the appreoiatand acknowledgement of a person’s
work. If an individual feels that his or her work is having asfitve impact on his or her envi-
ronment, this person is more motivated to improve his or et skills. On the contrary, if a
someone feels that one’s efforts are not being recognizeé:thanthere is no appreciation of what
one is doing, motivation will decrease. It is thus importamtonvincedemonstrate to primary
health staff how telemedicine can help them improve thein gkills and thus achieve a better
outcome within their community rather than having to refatignts to the next level health care
facility. In addition, usage of telemedicine will increatbe “visibility” of primary care staff, it
will enable them to get a feedback from the next level healtility and finally, if patients can be
treated successfully within the community, increase tlathevorkers’ appreciation within their
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community. If telemedicine is utilised in appropriate manit may also serve as a motivating
factor.

Personal Interaction

Motivation is often based on personal perception and orrant®n between individuals. In

telemedicine, where collaborating individuals are nofyngeographically separated, it is im-
portant not to neglect the component of personal interactspecially in the initial phase when
technology is new for its users, it is valuable to give thermedeedback. As an example, in
the telepathology project on Solomon Islands it has beey lelpful to urge the surgeons to
pass on the pathologists’ feedback on slide quality to therktory technicians. Knowing that
their slides were reviewed by international specialistslamowing that the slide quality was ap-
preciated was a real motivation for the technicians to keggpoving the quality of histological

slides. Although the laboratory is technically primititbe quality of slides produced today is
comparable to those produced in Switzerland.

We found it very useful to provide some sort of initial tutggi If a new person wanted to start
telemedical consultations through our system, we oftetttdo open two channels of commu-
nication: consultations and mentor. The telemedicine waitaisons are directed to the iPath
telemedicine platform where the role of the consultant itied to an individual person, making

it much easier to triage consultations to the optimal spistsa Since the consultants are work-
ing in a group, they have some freedom of who should answeshwd¢onsultation and we could

observe that there was often communication between thaittants, too. However, besides the
consultations, we often tried to open a personal commuoitaetween the new non-expert and
one of the consultants. This private mentoring channelg e@en useful for communicating

certain guidelines and also some criticism on how to imptbeequality of submission (image

quality, clinical information, etc.).

Strengthening of Existing Partnerships

From the many telemedicine collaborations that startedgusur iPath server at the University
of Basel we have observed that the most successful ones h@se that built on an existing
international partnership. Once telemedicine has beetemmgnted successfully in the scope of
an existing collaboration it is much easier to introduce a@plications and to extend the usage
of the telemedicine link to areas outside the initial cadlediion than it is to newly introduce
collaboration by telemedicine only.

Evolving rather than Imposing Guidelines
The accuracy of telemedical consultations depends lamelye clinical data (patient history,

complaints, images, etc.) recorded by the non-expert. Mastexperts have neither experience
with selecting and photographing lesions nor with the wrttecording of a clinical history.
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While itis certainly necessary to develop certain stansléodrecording clinical data, it is is also
a fact that complex forms for data capturing or very strigtiglines impose high barriers for the
usage of telemedicine, especially for people with low prasiexposure to technology. Itis very
helpful toguidenew users of telemedicine towards certain standards reitéertrying to enforce
them.

A Strategy for Procuring Technology

Beside the selection of technology itself, the process ofying technology can be a key de-
terminant for the success or failure of telemedicine. Rilgfects are often implemented using
donated or specifically purchased equipment. While in sammat®ns the application of spe-
cific technology may be justified, telemedicine can gengitadl implement most economically
using common technology which can be easily shared withrahpplications. While sharing
computers and connectivity between different tasks, tising infrastructure for multiple pur-
poses, is economically sensible, it requires careful ptanto prevent that equipment ends up
monopolised for one use or even largely unused becausedt &cnessible to those who should
use it.

The Role of Health Administrations

While he most prominent role of health administrations &t thf funding technology it cannot
be stressed enough that the selection of appropriate tegynshould be based on clinical needs
and not on administrative reasoning. Health administnatg&hould probably not select technol-
ogy but rather develop the framework in which technologyibé¢ deployed. This includes the
development of policies but in our experience even more napbis the organisation of work-
flow and communication between rural health providers andicaéspecialists. For example,
the availability of mobile phones alone does not solve abbpgms. Even if all residents and
nurses are equiped with mobile phones they must still knownwiko call for what questions.
On a large scale, such a “telephonic referral system” witlwork if it is based on a personal
contacts only. An unavoidable step for a large-scale depémt is a proper organisation in form
of a call centre or a store-and-forward system.

15.4.3. Decentralised Collaborative Networks

Potential benefits of telemedicine for a health care systendzerse. There will not be one
single technology that suffices all these different typeapydlications, but for a successful im-
plementation at a larger scale it is important to developatexyy that encompasses all aspects of
electronic information and knowledge exchange (consahlateducation and access to medical
information).

Many telemedicine projects are essentially outsourcimgazemedical or educational services
to foreign institutions. There are many institutions afigrservices at a distance, some of them
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for free and some of them on a commercial basis. For instaheeBritish Medical Journal
offers excellent on-line learning modules for general titiamer@. Outsourcing services is cer-
tainly the solution that requires least organisationadreffHowever, it bears several problems.
Outsourcing creates external dependencies — for contemelags for technology. Usually the
service providers will determine the technological regoients for accessing their services and
often it may not be easily possible to supply the necess#gstnucture. At the content level the
situation might be even more problematic. It was found inlatroject between West Africa
and Switzerland[53] that “... several topics for seminegquested by physicians in West Africa,
could not be satisfactorily addressed by experts in Swérdr due to major differences in diag-
nostic and therapeutic resources and due to discrepandies cultural and social aspects”.

When addressing the primary care level it is crucial to idelthe regional medical specialists and
to rely on technological infrastructure that is commonlgiéable and not one that is requested
by service providers alone. A promising way to achieve thi®stering South-South exchanges
of expertise through decentralised and regional collah@aetworks. Timely, secure and reli-
able exchange of sensitive information for the benefit ahary care providers requires a good
organisation of the collaboration between all stakehasldéra telemedicine application, partic-
ularly for store-and-forward telemedicine where commatian is not synchronous. The expe-
riences with telepathology on Solomon Islands and Cambuailia led us to the development of
computer-aided virtual communities of experts who joinghpvide services (virtual institute).
On an international level such services organised acrasisutions and borders raise legal, eth-
ical and economical question that have not been adequaldhgssed to so far. However, on
a regional level the legal and ethical situation is much f@eblematic. Joint expert services
could be implemented based on existing forms of collabonatbeneficially supplementing the
existing referral system. While such services are idealyanised by regional authorities and
specialists, this should not prevent participation of inéional specialists in such a regional
network. For the medical specialists the possibilitiesditedorate at an international level are
often more interesting than collaboration limited to a oagil level only[25].

Implementation of telemedicine in form of decentralisetiioeks imposes far greater challenges
than participation in an established international nekwi@vhile installation and maintenance of
technology and training of the users in its application ihallenge of its own, the organisa-
tion of work-flow and collaborational frameworks are muchremomportant. Successful and
sustainable implementation of telemedicine lie in the @gmiocesses of human resource devel-
opment, changing organisational collaboration and thgednsnation of relevant information. It
is import to realise that technology does not only serve thpgse of transmitting medical data
from one point to another. For the organisation of a largewaoek of collaborating special-
ists it is indispensable to automate the flow of communicetiosome extent by deployment of
computer-mediated communication and social networkimpy@aches.

Shttp://www.bmjlearning.com/
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Bottom-up Approach versus Central Organisation

For implementing telemedicine within decentralised regi;metworks in resource-constrained
areas there are two somewhat contradictory principledhat to be balanced. On the one hand
it has been repeatedly reported that telemedicine is masesafully implemented when driven
by local clinical champions based on clear clinical needs$ @amganised from the bottom-up.
On the other hand, implementation of telemedicine as a tovd@tfengthening a health system at
large needs some central coordination, if not only the fegpitals and GPs who already possess
the necessary technical skills and connections are to beisdiny of the potential benefits of
telemedicine, such as reduction of unnecessary refemdlsldlls development of primary care
staff, can only be economically viable at a system levelesihey are not equally cost-efficient
for all partners involved. If the specialists’ income is levior telemedical consultations than for
physical examinations, they will usually prefer physiedérral of patients although this imposes
much higher costs for transportation, bourne by the patisaally, and provides no benefit for
the referring primary care centre.

Technological infrastructure necessary for telemedictiVidies is not available in many clin-
ics. However, basic ICT infrastructure can serve multiplegpses such as patient information
management, planning (e.g. through a district health métion systems[164]), access to health
information, knowledge management as well as tele-coausoitts and distance education —in the
medical fields but as well in other sectors. Thus, wherevssipte deployment of technology
should be preferably organised in a multi-sectoral apgrpoaq. in the form of general purpose
Internet access points, enabling not only telemedicinebbuakfiting a wide variety of applica-
tions in education, local economy, etc[53]. The projechmTsilitwa clinic (chaptdr2) provides
an example of such a multi-sectorial ICT deployment andHerSolomon Islands Telemedicine
Network (c.f.CI&.B) a similar approach is planned by fosig®a collaboration between a UNDP
project for rural connectivity and the Ministry of Health.

Open-Source Approach

Open-source software is becoming increasingly populathénmedical field there are several
open-source projects developing software for patient aadtipe management. Open-source
offers two main benefits which are important for resourcest@ined areas. Most open-source
software is available without licensing costs and can balyneedistributed. Thus, large-scale de-
ployment and software upgrading do not involve high licegsiosts. More important, however,
is the fact that open-source software is open for adaptatahfurther development. Software
engineers from developing countries can easily adapt gpanze software to local needs. A
prime example is the care2x proﬂ,c&vhich provides an open-source hospital information sys-
tem including patient management, billing, laboratory g@mérmacy management and much
more. Care2x is used e.g. in Tanzania by a number of hospitkitdas been adapted to local

“http://www.care2x.org/
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languages and work-flow. In addition, a national projeceficchanging data between care2x and
DHIS[164], notably now also an open-source project, has betated.

Despite clear advantages, we have experienced that opecesis often perceived by health
administrations as unprofessional, inferior and insecline arguments are usually not based on
any technical evaluation but rather derived from the faat tipen-source cannot be bought from
a “reputable” company that will guarantee proper functignand maintenance. We observe a
tendency that health administrations prefer to buy teleonael in form of fixed services and
packages. It seems to be a problem with open-source softhatré& cannot be bought from a
vendor as complete solution.

While there are no licensing costs with open-source theaenised for skilled technicians who
are able to install and maintain open-source solutions. Winremoting the implementation of
telemedicine or other IT solutions in health based on opeinceat must be also be considered
how open-source solutions are going to be suppﬁrt&ﬁhile we tend to see it as an advan-
tage that open-source solutions leave more resourcesyeltagenent of local human capacity,
decision-makers often prefer spendnig on hardware overdspg on human resources as hard-
ware seems to present a more solid value.

15.5. Towards a Grid of Decentralised Networks

While an approach of decentralised regional networks se@mspromising for fostering re-
gional collaboration and better integration with the regibhealth system and for addressing
technical implementation and support, there are alsoiietuthat are favourably happening at
an international level. In addition, in many developing cwies health care systems are of-
ten substantially supported by international organisatidcven within the limited scope of this
thesis it has become obvious that the co-existence of rabaganisation and global informa-
tion exchange is a key factor for successful deployment souece-constrained areas. In our
projects this was accommodated by the possibilities fdabofation between the various virtual
communities hosted on our server at the University of Basel.

For a larger scale implementation within health care systemeh networks must be technically
and organisationally independent. While patient consiolta and referral planning should be
preferentially addressed at a local level, the need of nadispecialists to further consult with

colleagues on an international level should also be accatedd Relevant educational content
produced at an international level should be easily adskesirough regional networks extend-
ing into primary care.

5Some information on care2x in Tanzania is available fronsérevo websites:
http://www.hisptanzania.org
http://health.elct.or.tz/projects/Care2x.htm

61t should be noted that similar problems can also be obsawitednany commercial products as user support and
services in developing countries is often minimal.
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There is a huge potential for inter-linking such differeetwiorks, at present, however, there is
little understanding about how such independent netwaaksbe integrated into a loose grid of
networks allowing transparent information exchange anerioonnectivity at all levels. Grid
technology is an emerging field of computer sciences addigseveral issues in distributed
computing and providing concepts and frameworks for thierteal integration of networks[30].
Nevertheless integration of different telemedicine neksonto a grid is not depending on tech-
nical standards alone — organisational, psychologicalakdinancial, legal and political aspects
must be equally addressed. This will be one of the challengneas for further research in
telemedicine which will be of high impact also for its apgliion in developing countries.

15.6. Recommendations

The experiences gathered and lessons learned lead us tobemahrecommendations which
we will try to incorporate in future projects.

e The organisation of work-flow and collaboration in telenoga should be driven from the
clinical needs. The doctors must be involved in the process.

e Support clinical champions and empower the health stafétehbt from ICTs in their own
best way by providing infrastructure and training but withimposing total solutions.
Applications must be adaptable to the local care process.

e Foster multi-sectoral application of ICTs by promotingetekdicine tools that are based on
technology that can be shared with other applications.&taland develop models how to
utilise commonly available technologies such as mobilenghia telemedicine networks.

e Promote pilot projects that focus on applications that epdicable at a health system level
and study the possibilities for integration into regionadwmorks.

e Create and publish databases of pilot projects (successfifiailed) and best practises and
evaluate projects in terms of impact on individual carepined care provider and health
system.
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16. Ongoing Projects

16.1. Educational Impact of Telepathology
Consultations

In a first study we analysed the quality of telepathology ottations. Besides the delivery
of an accurate diagnosis for the patient such consultapom&de an important input for the
local pathologist to develop skills and to achieve a cergaiturity for making diagnoses locally.
Since the beginning of the study in 2002 the pathologist ind?i Penh, Dr. Vathana, has made
his own diagnosis on any case prior to submitting it via tateplogy. The planned study we
try to analyse the development of the quality of these diagao If the results are positive it
will indicate that telemedicine provides an efficient toot knowledge transfer and that on a
long-term basis the role of telemedicine may change fronvel@hg primary dianogis towards
providing quality control.

16.2. Telecytology Study at NRH

During the telepathology project in Honiara the demand fagdoses in cytology has become
more and more prominent. However, compared with tele-lugio there are very few doc-
umented experiences in tele-cytology. In order to evaltisefeasibility of telemedicine in
cytology the following controlled clinical study has beezstyned.

Control Study in Basel: A cytologist in Basel (L.Bubendorf) captures images from-ra
domly selected routine cytology slides processed in thelagy lab at the Department of Pathol-
ogy in Basel. These images are placed on the iPath platfocheealuated independently by
four specialists (P.Dalquen, K.D.Kunze, P.Spieler, Hiaaon). These remote diagnoses will be
compared with each other as well as with the original diagnofsthe cytologist in Basel (gold
standard). So far, 170 specimen have been collected andelyndtagnosed independently by
the four specialists.

Cytology on Honiara: ~ The laboratory in Honiara has started to produce cytolaggsifrom
fine needle aspirates and smears (gynae, sputum). Theseateprocessed and stained accord-
ing to a similar protocol as used in Basel. The slides areese@ by the technicians/physicians
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in Honiara and they capture images of suspicious cells aaakghese images on the iPath server
at the University of Basel. The same collective of spedsbs above will review the images and
make their diagnosis. Each pathologist will independergiyew all slides and images in order
to exclude intrer-obrsever differences.

During the duration study, the original slides are sent byriil to the Queensland Pathology lab
in Brisbane, where they are reviewed by experienced cyistglrhe diagnoses of the specialists
in Brisbane will be regraded as gold standard and will be aregbwith the tele-diagnosis. If

possible the slides will also be retrospectively reviewg@dtbleast one pathologist from Europe.

Expected Results:  The prospective design of the study will allow us to estabiie level
of quality possible and also to identify the weak parts inphecess in order to identify what
training would be necessary and most effective to improeejtiality.

16.3. Solomons Islands Telemedicine Network

Solomon Islands are a group of roughly one thousand islaedsiered over hundreds of kilome-
tres in the South-West Pacific Ocean. Distances betweardskre long and many islands are
very rugged and overland transport is extremely limitedeSehseem to be the typical precon-
ditions for the application of telemedicine. While the éhology projeE‘l had been running
for years and enabled over 450 international consultatb@taeen the National Referral Hos-
pital (NRH) in Honiara and the University of Basel, there tha@en little use of telemedicine
within Solomon Islands. The Swinfen Trust has installed telenieglitnks in some provin-
cial hospitals[106, 142] which allow consultations witllamational specialists. Additionally,
there have been occasional consultations by email fromime@f hospitals to the specialists at
NRH. However, with changing staff and a general shortageootats, tele-consultations based
on personal email were not sustainable on a long term.

In 2005 we were approached by the doctors of NRH with the idesxtending the network
that was established for telepathology to a general puegbs@edicine network available to the
whole health care system. At the same time specialists fn@$t. Vincents Hospital in Sydney,
Australia, were looking for ways of facilitating patientfeerals from Honiara to Sydney. The
two countries have an agreement that a limited number ofregviél patients from Solomon
Islands can get treatment in Australia. The specialist®f&. Vincent whished to have better
control over the process of selecting patients that aréoédifpr the programme. In the past there
had been patients referred whos medical condition was teareed for receiving any treatment
beyond palliative care; a situation equally observed irogrojects[84]. It is now envisaged to
use telemedicine to achieve a better selection of patidigible for treatment in Australia.

Based on these two ideas a project for a Solomon Islands MN#tiielemedicine Network is
being prepared. This network should include the followinghponents:

lchapter§l and10
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1. Consultations between provincial health centres and N&Hmission of consultation
must be based on email as this is the only technology availabhe People First Net-
world, a UNDP-project enabling affordable and sustainable rcwahectivity and facil-
itating information exchange between stakeholders andmamties across the Solomon
Islands is operating a network of rural email stations, Wwidould be used by the health
care staff.

2. Triage: if possible, consultations should be answerethéypecialists at NRH. If no ap-
propriate consultant is available locally, an option toxfard consultations to international
consultants must be previewed. All consultations shoulttibged through NRH-staff to
ensure relevancy of replies for the rural clinics and to &aln educational benefit for
NRH.

3. Referral planning: It is planned to utilise the telemedicnetwork as decision support
tool for selecting patients eligible for treatment at the\8hcents hopistal in Sydney. The
network will enable different specialists to jointly rewieeferral suggestions and to select
the most appropriate candidates.

4. Continuous Medical Education: In collaboration with pPkeoFirst Network’s project on
Distance Learning Centres, distance education for ruraltthecare workers should be
implemented.

The major challenge of this project will be to place the NRHhat centre of the organisation
and to interlink all these activities with each other. Ina@rdo support the staff at NRH with

consultations from provincial health centres, it is prexed to collaborate with the specialists
from St. Vincents and other international specialists.dditon, the physicians at NRH would

like to use the telemedicine network to support and imprdaearming of patient referrals from

provincial health centres. The project will create a framdn which the stakeholders of the
Solomon Islands health care system will have a chance to k@t experience how the health
system could benefit from available ICTs.

Australia is supporting health systems in many of the snaadiffc countries through its AUSAID
programme and has several peace keeping forces statiotiedrggion (East Timor, Solomons).
Many private organisations in Australia are organising iwedsupport for neighbouring coun-
tries through various ways. If successful, the SolomombdaTelemedicine project may well
serve as a model how to utilise ICTs in order to improve caltabon between developing coun-
tries in the South Pacific region and Australia. Ideally, mernational network of medical spe-
cialists could be shared between project in different ceesind educational material prepared
for one country could be more easily made available to otbentries.

2http://www.peoplefirst.net.sb/
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Solomon Islands Telemedicine Network
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Figure 16.1.: Organisation of the Solomon Islands Telemedicine Netwdkkthe centre of the
network is the National Referral Hospital on Honiara. Alinsaltations from provincial health
centres are triaged by the staff at NRH. If possible, NRH stidf be answering the consultations.
Expert groups in different medical fields are previewed aiitlimeclude international specialists to
support their patterns at NRH.
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Current State

A project proposal for submission to funding agencies isanity being prepared by the Depart-
ment of Health and the National Referral Hospital. The Aals&in NGO MedTechOutreagtis
supporting the activities by providing training and orgaational support for the medical spe-
cialists in Australia.

16.4. Uzbekistan Telemedicine Network Project

Uzbekistan, being one of the new Independent States, isamdetl with numerous challenges
concerning research and education particularly in heatld and in information and communi-
cation technologies (ICTs). Most scientists and reseasciie facing difficult a working envi-
ronment due to lack of funding and severe isolation from tiernational scientific community.

This project is addressing these problems in a multidisgpy way with an institutional partner-

ship between the Department of Pathology of the UniverdiBasel and the Republican Centre
of Pathology of the Ministry of Health and the Institute fafdrmatics of the Academy of Sci-

ences in Tashkent. The main purpose of the project is eskatdj a clinical and educational
telemedicine network between Uzbekistan and Switzerlaradtaol for exchange of information

and knowledge.

Pathologists in Uzbekistan will be able to use the networlchmical consultations with pathol-
ogist worldwide in order to improve their skills in diagnmstand teaching and to foster their
participation in the international scientific community.

A regional telemedicine network for Uzbekistan will be sptand operated by the national In-
stitute for Informatics in Tashkent. The network will be bdn the open-source telemedicine
platform iPath developed at the Department of Pathologh@tiniversity of Basel. The involve-
ment of the Institute for Informatics will ensure a long tesostainability of the telemedicine
network beyond the duration of this particular project anilallow the Institute of Informatics
to make the network available and useful to specialists fotimer medical fields (dermatology,
radiology, etc.) which may equally profit from this initia.

Finally, the telemedicine link can be used for joint edumaail initiatives such as distance pre-
sentations and the joint development of educational natén teaching general pathology to
medical students in Uzbekistan. This will also include tppleation of telemedicine in inter-
disciplinary tumour board meetings and clinical pathotagiconferences where histological and
cytological diagnosws can be demonstrated and explaingafphysicians who are treating the
patients.

The Uzbek telemedicine network will help the partners in &€kibtan to become part of the in-
ternational scientific community — in the medical field aslvasl in the field of ICTs. Besides
the direct application of telemedicine, access to Inteanétcontacts with partners familiar with

3http://www.medtechoutreach.org/
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international scientific publishing, it is expected that tizbek partners can make more effi-
cient use of available, evidence-based health informagenources (e.g. through HINARI) and
eventually play an active part in international scientifiblpshing.

Current State

This project has been granted by the Swiss National Sciemgedation within the SCOPES
program. It was started in January 2006
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17. Conclusions

A central part of this project consisted in the developmén®ath, an Internet and email based
platform for telemedicine, based on a virtual community elod’he combination of web and
email access to the same database has proven very efficiearidbling distance collaboration
between partners with very different technical and medieakgrounds. The possibility to inter-
act with the platform by email has ensured maximum accdggibf the platform with minimal
infrastructure requirements, while the more sophistitateb interface has ensured that a large
number of specialists can be easily organised into variatisal communities. The fact that
iPath is very user-friendly and has been developed to acamtate a large range of telemedicine
applications makes it an useful collaboration platformdosups of medical specialists within
industrialised nations. This has greatly contributed wuiting highly qualified volunteering
specialists to accept occasional consultations from deusd) countries.

Two retrospective review studies in the field of clinicallp@Elbgy revealed that delivery of highly

accurate and timely diagnostic support for hospitals iretting countries is possible with rel-

atively simple technology. Organisation of the patholtgjisto a “virtual institute” — a separate

user group with a defined duty plan —was a key factor for reduthe turn around-time to days
and often hours. This form of telemedicine can be highly rec@nded to organise support for
a remote hospital through an international group of volenitg specialists. Sharing of a com-
mon platform among numerous projects is useful for reargiaind organising specialists and
for reducing administrative overhead.

Besides improving individual diagnosis, telemedicine bara very efficient tool for supporting
geographically or professionally isolated health carevipiers by providing access to second
opinion consultations, continuous education and exchahgeowledge. In the long term this
contributes to the skills development of health care prengdcind will increase their capacity of
handling medical problems locally. Together with the plogisy to improve referral planning this
is in our opinion the most significant way in which telemedéetan contribute to strengthening
of health care systems at large.

Telemedicine should be understood in the context of heaftirmation access in general and
there is need for a shift of focus from isolated applicatiowards integration of telemedicine
with distance learning and knowledge management, whetebynteractive and bi-directional

nature of telemedicine could play an important role in inyimg effective knowledge transfer.

Collaboration in virtual communities is a powerful way opgorting health providers in transi-

tion to evidence-based medicine.

Decentralised regional networks provide a promising apgindo accommodate language bar-
riers and cultural differences and to improve the relevamicgontent and consultations with
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respect to local context. The technical feasibility wasa@svith the installation of iPath-servers
in Ukraine and South Africa. In both projects the most caitifactor for successful implemen-
tation and operation of telemedicine networks was not teldyy but organisation of work-flow

and collaboration between all stakeholders. Continuoatuation of activities regarding out-
come in terms of improvement of individual health status a#i as knowledge transfer should
become part of such projects; and there is definitively a deedn international platform or

database for the exchange of experiences with telemediciesource-constrained areas.

The most promising direction for further research is in goin®mn an effort towards integration
of different types of networks with different forms of distae collaboration and based on dif-
ferent existing technologies into a larger framework witloeus on continuous and sustainable
transfer of knowledge in all directions and between all skaitders of a health system.

172



173



174



Bibliography

[1] American Telemedicine Assocation. Definition of teleiizne.

[2]

[3]

[4]

[5]
[6]

[7]

http://www.atmeda.org/news/definition.html, 1 Maj 2006.

B. Aronson. Improving online access to medical inforimoatfor low-income countries.
N Engl J Med 350(10):966—-968, Mar 2004.

F. Asah.ICTs in the management of health information by medicalgasibnals in six
selected government hospitals in Yaounde, Camerdoiversity of KwaZulu Natal,
2002.

M. Baba, D. Seckin, S. Kapdagli. A comparison of teledatotogy using
store-and-forward methodology alone, and in combinatigh Web camera
videoconferencingd Telemed Telecayd 1(7):354-360, 2005.

S. Bagchi. Telemedicine in rural Indi®LoS Med3(3):e82, Mar 2006.

M. K. Baruah. The practice of telepathology in IndihPostgrad Me@51(4):316-318,
2005.

M. K. Baruah, F. G. L. Rosa. Optimal imaging in static fg¢hology.Indian J Pathol
Microbiol, 45(3):367-370, Jul 2002.

[8] A. K. Bhattacharyya, J. R. Davis, B. E. Halliday, A. R. Gean, S. A. Leavitt,

R. Martinez, R. A. Rivas, R. S. Weinstein. Case triage moaletife practice of
telepathologyTelemed J1(1):9-17, 1995.

[9] W. D. Bidgood, S. C. Horii. Introduction to the acr-nemiaam standard.

Radiographics12(2):345-355, Mar 1992.

[10] W. D. Bidgood, S. C. Horii, F. W. Prior, D. E. V. Syckle. darstanding and using

DICOM, the data interchange standard for biomedical imgginrAm Med Inform Assgc
4(3):199-212, 1997.

[11] M. Blunier, T. Z. T. D. D. D. K. Brauchli. Ict for distant edical collaboration in the

ukraine swiss perinatal health projetikrainian Journal of Telemedicin006.

[12] P. Bossyns, R. Abache, M. S. Abdoulaye, W. V. Lerberdheaffordable or

cost-effective?: introducing an emergency referral sydgterural niger. Trop Med Int
Health 10(9):879-887, Sep 2005.

175



[13] P. Bossyns, R. Abache, M. S. Abdoulaye, H. Miye, A.-M poerter, W. V. Lerberghe.
Monitoring the referral system through benchmarking iratmiger: an evaluation of the
functional relation between health centres and the didtaospital. BMC Health Serv
Res 6:51, 2006.

[14] P. Bossyns, W. V. Lerberghe. The weakest link: compe#eand prestige as constraints
to referral by isolated nurses in rural nigelum Resour Healt2(1):1, Apr 2004.

[15] H. A. Brandling-Bennett, |. Kedar, D. J. Pallin, G. Jaeg, G. J. Gumley, J. C. Kvedar.
Delivering health care in rural Cambodia via store-andviod telemedicine: a pilot
study. Telemed J E Healthl1(1):56—62, Feb 2005.

[16] K. Brauchli, H. Christen, G. Haroske, W. Meyer, K. D. Kae) M. Oberholzer.
Telemicroscopy by the Internet revisitetiPathol| 196(2):238—-243, Feb 2002.

[17] K. Brauchli, H. Christen, P. Meyer, G. Haroske, W. MeyerD. Kunze, R. Otto,
M. Oberholzer. Telepathology: design of a modular systamal Cell Patho)
21(3-4):193-199, 2000.

[18] K. Brauchli, R. Jagilly, H. Oberli, K. D. Kunze, G. Phjhls, N. Hurwitz, M. Oberholzer.
Telepathology on the Solomon Islands—two years’ expeeeavith a hybrid Web- and
email-based telepathology systednTelemed Telecayd 0 Suppl 1:14-17, 2004.

[19] K. Brauchli, M. Oberholzer. Comparison of telepathpjservices.J Telemed Telecare
10(5):307-8: author reply 308, 2004.

[20] K. Brauchli, M. Oberholzer. The iPath telemedicinetfdam. J Telemed Telecard 1
Suppl 2:3-7, 2005.

[21] K. Brauchli, H. Oberli, N. Hurwitz, K.-D. Kunze, G. Hastie, G. Jundt, G. Stauch,
L. Banach, M. Wirdnam, M. Mihatsch, M. Oberholzer. Diagnostlepathology:
long-term experience of a single institutiovirchows Arch 444(5):403-409, May 2004.

[22] K. Brauchli, D. O’'mahony, L. Banach, M. Oberholzer. iRaa Telemedicine Platform
to Support Health Providers in Low Resource Settir§§fsid Health Technol Inform
114:11-17, 2005.

[23] bridges.org. ICT-Enabled Development Case StudieeSerhe Compliance Service
uses SMS technology for TB treatment. http://www.bridgegcase_studies/137, 1
2003.

[24] D. Briscoe, C. F. Adair, L. D. Thompson, M. V. Tellado,B&.Buckner, D. L. Rosenthal,
T. J. O'Leary. Telecytologic diagnosis of breast fine needlgiration biopsies.
Intraobserver concordancActa Cyto) 44(2):175-180, 2000.

[25] T. M. Burkow, L. L. Nilsen. Success and failure in webskbd medical collaboratior.
Telemed Telecard 1 Suppl 2:511-S13, 2005.

176



[26] N. Campanella, E. Antico, L. Dini, P. Morosini. [Diagsitic efficiency on digital
snhapshots of the standard radiology imagiiRgcenti Prog Med5(12):566-569, Dec
2004.

[27] N. Campanella, M. Ferretti, P. Lorenzini, P. Morosifccuracy of the cytopathological
telediagnosis of palpable limphoadenopathies. A studigdesmulating the diagnostic
support from remote access to health workers in the devegamuntries].Recenti Prog
Med, 96(5):226-230, May 2005.

[28] E. Caumes, V. L. Bris, C. Couzigou, A. Menard, M. JanferFlahault. Dermatoses
associated with travel to Burkina Faso and diagnosed by snafateledermatologyBr J
Dermatol| 150(2):312-316, Feb 2004.

[29] Cell-Life. technology-based platform for communicat, information and logistical
support to manage hiv/aids in africa. http://cell-lifg@a/, 5 2006.

[30] K. Collins, I. Bowns, S. Walters. General practitios’gverceptions of asynchronous
telemedicine in a randomized controlled trial of teledeitayy. J Telemed Telecaye
10(2):94-98, 2004.

[31] K. Collins, S. Walters, I. Bowns. Patient satisfactisith teledermatology: quantitative
and qualitative results from a randomized controlled tdalelemed Telecaye
10(1):29-33, 2004.

[32] S. S. Cross, T. Dennis, R. D. Start. Telepathology:entrstatus and future prospects in
diagnostic histopathologyistopathology41(2):91-109, Aug 2002.

[33] B. L. Crowe. A review of the experience with teleradigyan australia.J Telemed
Telecare 7 Suppl 2:53-54, 2001.

[34] F. R. Dee, J. M. Lehman, D. Consoer, T. Leaven, M. B. Coleplementation of virtual
microscope slides in the annual pathobiology of cancer sfusk laboratoryHum
Pathol 34(5):430-436, May 2003.

[35] F. Demichelis, M. Barbareschi, S. Boi, C. Clemente, FPBIma, C. Eccher, S. Forti.
Robotic telepathology for intraoperative remote diagaasing a still-imaging-based
system.Am J Clin Pathol 116(5):744—752, Nov 2001.

[36] F. Demichelis, V. D. Mea, S. Forti, P. D. Palma, C. A. Bafhi. Digital storage of glass
slides for quality assurance in histopathology and cytogagy. J Telemed Telecare
8(3):138-142, 2002.

[37] G. Demiris, S. M. Speedie, L. L. Hicks. Assessment ofgrds’ acceptance of and
satisfaction with teledermatology.Med Syst28(6):575-579, Dec 2004.

177



[38] S. Desai, R. Patil, R. Chinoy, A. Kothari, T. K. Ghosh, ®@havan, A. Mohan, B. M.
Nene, K. A. Dinshaw. Experience with telepathology at adeytcancer centre and a
rural cancer hospitaNatl Med J India 17(1):17-19, 2004.

[39] S. Desai, R. Patil, A. Kothari, T. Shet, S. Kane, A. BagR. Chinoy. Static
telepathology consultation service between Tata Mem@egitre, Mumbai and Nargis
Dutt Memorial Charitable Hospital, Barshi, Solapur, Masditra: an analysis of the first
100 caseslndian J Pathol Microbio) 47(4):480-485, Oct 2004.

[40] M. Dietel, T. N. Nguyen-Dobinsky, P. Hufnagl. The UIC@I€pathology Consultation
Center. International Union Against Cancer. A global apploto improving consultation
for pathologists in cancer diagnos(Sancer 89(1):187-191, Jul 2000.

[41] B. E. Dunn, U. A. Almagro, H. Choi, D. L. Recla, R. S. Weies. Use of telepathology
for routine surgical pathology review in a test bed in the &émpent of Veterans Affairs.
Telemed J3(1):1-10, 1997.

[42] B. E. Dunn, U. A. Almagro, H. Choi, N. K. Sheth, J. S. ArdoD. L. Recla, E. A.
Krupinski, A. R. Graham, R. S. Weinstein. Dynamic-roboélepathology: Department
of Veterans Affairs feasibility study"um Patho) 28(1):8-12, Jan 1997.

[43] E. V. Dunn, D. W. Conrath, W. G. Bloor, B. Tranquada. Arakation of four
telemedicine systems for primary cai¢ealth Serv Resl2(1):19-29, 1977.

[44] S. M. Edworthy. Telemedicine in developing countriBdAJ, 323(7312):524-525, Sep
2001.

[45] T.J. Eide, I. Nordrum, B. Engum, E. Rinde. [Use of telegounications in pathology
and anatomy servicesJidsskr Nor Laegeforeri11(1):17-19, Jan 1991.

[46] Electronic Radiology Laboratory Mallinckrodt Instte of Radiology. MIR DICOM
central test node software.

[47] I. Ellis. The clinical champion role in the developmerfia successful telehealth wound
care project for remote australid.Telemed Telecayd 1 Suppl 2:526-S28, 2005.

[48] O. Ferrer-Roca, R. D. D. D. Leon, F. J. de Latorre, M. 8addelgado, L. D. Persia,
M. Cordo. Aviation medicine: challenges for telemediciddelemed Telecare
8(1):1-4, 2002.

[49] H. S. Fraser, D. Jazayeri, L. Bannach, P. Szolovits, Blctrath. TeleMedMail: free
software to facilitate telemedicine in developing cowsgrMedinfq 10(Pt 1):815-819,
2001.

[50] H. S. Fraser, S. J. McGrath. Information technology seledmedicine in sub-saharan
Africa. BMJ, 321(7259):465—-466, 2000.

178



[51] M. Fuchs. Provider attitudes toward STARPAHC: a teldiome project on the Papago
reservationMed Care 17(1):59-68, Jan 1979.

[52] K. Ganapathy. Telemedicine and neurosciences in dpirgl countriesSurg Neuraol
58(6):388-394, Dec 2002.

[53] A. Geissbuhler, O. Ly, C. Lovis, J.-F. L'Haire. Telemeide in Western Africa: lessons
learned from a pilot project in Mali, perspectives and reocmndationsAMIA Annu
Symp Progstrony 249-253, 2003.

[54] H. Gernsback. The radio doctor - maybe [cové&hdio News Magazindpril 1924.
[55] J. Gershen-Cohen, A. G. Cooley. Telogno§tadiology 55(4):582-587, Oct 1950.

[56] J. Gershon-Cohen, M. B. Hermel, H. S. Read, B. Caplar; ACooley. Telognosis;
three years of experience with diagnosis by telephonesitngtted roentgenogram3.Am
Med Assoc148(9):731-732, Mar 1952.

[57] K. Glatz-Krieger, D. Glatz, M. Mihatsch. [Virtual mioscopy: first applications.].
Pathologe Aug 2005.

[58] K. Glatz-Krieger, D. Glatz, M. J. Mihatsch. Virtual dis: high-quality demand, physical
limitations, and affordabilityHum Patho) 34(10):968-974, Oct 2003.

[59] L. E. Graham, M. Zimmerman, D. J. Vassallo, V. Pattergarswinfen, R. Swinfen,
R. Wootton. Telemedicine—the way ahead for medicine in welbping world.Trop
Doct, 33(1):36—-38, Jan 2003.

[60] S. M. Gulube, S. Wynchank. Telemedicine in South Afrisaccess or failure3
Telemed Telecare Suppl 2:47-49, 2001.

[61] S. M. Gulube, S. Wynchank. The national telemedicirgey in South Africa—an
overview and progress repof$. Afr Med J 92(7):513-515, Jul 2002.

[62] M. Hadida-Hassan, S. J. Young, S. T. Peltier, M. Wond,&nont, M. H. Ellisman.
Web-based telemicroscopy.Struct Bio] 125(2-3):235-245, 1999.

[63] D. Hailey. The need for cost-effectiveness studieglaredicine.J Telemed Telecaye
11(8):379-383, 2005.

[64] B. E. Halliday, A. K. Bhattacharyya, A. R. Graham, J. RaMixs, S. A. Leavitt, R. B.
Nagle, W. J. McLaughlin, R. A. Rivas, R. Martinez, E. A. Kropki, R. S. Weinstein.
Diagnostic accuracy of an international static-imagirggathology consultation
service.Hum Patho] 28(1):17-21, Jan 1997.

[65] G. Haroske, K. Brauchli, M. Oberholzer. Point-to-poiersus web-based telepathology
in intra-operative diagnosticd5th Int. Congr. Computer Assisted Radiology and
Surgery, Berlin1:27-30, 2001.

179



[66] H. Helin, M. Lundin, J. Lundin, P. Martikainen, T. TamiagH. Helin, T. van der Kwast,
J. Isola. Web-based virtual microscopy in teaching anddstatizing Gleason grading.
Hum Patho) 36(4):381-386, Apr 2005.

[67] A.Y.Hira, T. T. Lopes, A. N. de Mello, V. O. Filho, M. K. Zipb, R. de Deus Lopes.
Establishment of the brazilian telehealth network for pateid oncology.J Telemed
Telecare 11 Suppl 2:S51-S52, 2005.

[68] A.D. Hockey, R. Wootton, T. Casey. Trial of low-costeédermatology in primary care.
J Telemed Telecayd 0 Suppl 1:44-47, 2004.

[69] iPath association. website. http://ipath.ch, 2006.

[70] ITU. Report on question 14-1/2 (improving access teeaith services), 9 2005.
pre-published version.

[71] P. A. Jennett, K. Andruchuk. Telehealth: real life’ plementation issueComput
Methods Programs Biome@4(3):169-174, Mar 2001.

[72] P. A. Jennett, M. P. Gagnon, H. K. Brandstadt. Prepaionguccess: readiness models
for rural telehealthJ Postgrad Me@51(4):279-285, 2005.

[73] P. A. Jennett, L. A. Hall, D. Hailey, A. Ohinmaa, C. Anden, R. Thomas, B. Young,
D. Lorenzetti, R. E. Scott. The socio-economic impact cghehllth: a systematic review.
J Telemed Telecay®(6):311-320, 2003.

[74] O. C. Jensen, N. B. BAzggild, S. Kristensen. Telemddidaice to long-distance
passenger ferriesl Travel Med 12(5):254-260, 2005.

[75] K. Johnston, C. Kennedy, I. Murdoch, P. Taylor, C. Codke cost-effectiveness of
technology transfer using telemedicirtdealth Policy Plan 19(5):302-309, Sep 2004.

[76] M. Kagawa-Singer, N. Pourat. Asian American and Patslignder breast and cervical
carcinoma screening rates and healthy people 2000 olgsctancer 89(3):696—705,
Aug 2000.

[77] R. Karlsten, B. A. Sjoqgvist. Telemedicine and decisspport in emergency
ambulances in Uppsald. Telemed Telecay&(1):1-7, 2000.

[78] A. Khazei, S. Jarvis-Selinger, K. Ho, A. Lee. An assesshof the telehealth needs and
health-care priorities of Tanna Island: a remote, undereskand vulnerable population.
J Telemed Telecayd 1(1):35-40, 2005.

[79] J. M. Kirigia, A. Seddoh, D. Gatwiri, L. H. K. Muthuri, Beddoh. E-health:
determinants, opportunities, challenges and the way fahfaa countries in the WHO
African Region.BMC Public Health 5:137, 2005.

180



[80] E. T. Kldiashvili. Opportunities and challenges of alil - interconnectiviy of healthcare
services.Ukrainian Journal of Telemedicind:4-8, 2006.

[81] A. Knol, T. W. van den Akker, R. J. Damstra, J. de Haan.efiermatology reduces the
number of patient referrals to a dermatologkielemed Telecayd2(2):75-78, 2006.

[82] E. A. Krupinski, R. S. Weinstein, L. S. Rozek. Experierelated differences in
diagnosis from medical images displayed on monitéedemed J2(2):101-108, 1996.

[83] E. S. Lee, I. S. Kim, J. S. Choi, B. W. Yeom, H. K. Kim, J. Hahl M. S. Lee, A. S. Y.
Leong. Accuracy and reproducibility of telecytology diagis of cervical smears. A tool
for quality assurance program&m J Clin Patho| 119(3):356—-360, Mar 2003.

[84] S. Lee, T. J. Broderick, J. Haynes, C. Bagwell, C. R. Do&. C. Merrell. The role of
low-bandwidth telemedicine in surgical prescreeniddediatr Surg38(9):1281-1283,
Sep 2003.

[85] S.-H. Lee. Virtual microscopy:applications to hemagy. Lab Hematol 11(1):38-45,
2005.

[86] M. Loane, R. Wootton. A review of guidelines and starfsafior telemedicined Telemed
Telecare 8(2):63-71, 2002.

[87] M. A. Loane, S. E. Bloomer, R. Corbett, D. J. Eedy, H. Er&a. Hicks, C. Mathews,
J. Paisley, K. Steele, R. Wootton. Patient cost-benefityarsabf teledermatology
measured in a randomized control tridlTelemed Telecay® Suppl 1:S1-S3, 1999.

[88] M. A. Loane, A. Oakley, M. Rademaker, N. Bradford, P.istdl, P. Kerr, R. Wootton. A
cost-minimization analysis of the societal costs of readtieledermatology compared
with conventional care: results from a randomized corgcbttial in New ZealandJ
Telemed Telecaré(4):233-238, 2001.

[89] A. M. Lopez, D. Avery, E. Krupinski, S. Lazarus, R. S. \Wsiein. Increasing access to
care via tele-health: the Arizona experiendédmbul Care Manage28(1):16—-23, 2005.

[90] U. Luethi, L. Risch, W. Korte, M. Bader, A. R. Huber. ThkEmatology: critical
determinants for successful implementati@hood 103(2):486—488, Jan 2004.

[91] R. Mahendran, M. J. D. Goodfield, R. A. Sheehan-Dare. yaluation of the role of a
store-and-forward teledermatology system in skin can@gribsis and management.
Clin Exp Dermatal 30(3):209-214, May 2005.

[92] T. Mairinger. Acceptance of telepathology in daily ptiae. Anal Cell Patho)
21(3-4):135-140, 2000.

[93] J. Marescaux, J. Leroy, M. Gagner, F. Rubino, D. Muttéryix, S. E. Butner, M. K.
Smith. Transatlantic robot-assisted telesurgbligture 413(6854):379-380, Sep 2001.

181



[94] W. M. Matrtin, S. K. Sengupta, D. P. Murthy, D. L. Barua. &&pectrum of cancer in
Papua New Guinea. An analysis based on the Cancer Registey119B8.Cancer
70(12):2942-2950, Dec 1992.

[95] V. D. Mea, P. Cataldi, S. Boi, N. Finato, P. D. Palma, CB&ltrami. Image selection in
static telepathology through the Intern&tTelemed Telecard Suppl 1:20-22, 1998.

[96] V. D. Mea, P. Cataldi, S. Boi, N. Finato, P. D. Palma, CB&ltrami. Image sampling in
static telepathology for frozen section diagnosi€lin Pathol 52(10):761-765, Oct
1999.

[97] V. D. Mea, S. Forti, F. Puglisi, P. Bellutta, N. Finato,® Palma, F. Mauri, C. A.
Beltrami. Telepathology using Internet multimedia elentc mail: remote consultation
on gastrointestinal pathology.Telemed Telecay@(1):28-34, 1996.

[98] B. Mendelow. New ict technologies in support of the oatl arv rollout plan for
hiv/aids.2004 Eastern Cape Telehealth Confereridsiversity of Transkei, 2 2004.

[99] K. Mfenyana, M. Griffin, P. Yogeswaran, B. Modell, M. Mell, J. Chandia, I. Nazareth.
Socio-economic inequalities as a predictor of health irttsafrica—the yenza
cross-sectional studyp Afr Med J 96(4):323-330, Apr 2006.

[100] Miniwatts Marketing Group. World internet users arapplation stats.
http://www.internetworldstats.com/stats.htm, 3 2006.

[101] M. Mireskandari, G. Kayser, P. Hufnagl, T. SchraderKlayser. Teleconsultation in
diagnostic pathology: experience from Iran and Germanig thié use of two European
telepathology servers. Telemed Telecayd0(2):99-103, 2004.

[102] J. Monnier, R. G. Knapp, B. C. Frueh. Recent advancésl@psychiatry: an updated
review. Psychiatr Sery54(12):1604-1609, Dec 2003.

[103] G. T. Moore, T. R. Willemain, R. Bonanno, W. D. Clark, R. Martin, R. P. Mogielnicki.
Comparison of television and telephone for remote medmasaltation.N Engl J Med
292(14):729-732, Apr 1975.

[104] M. A. Moore, K. Tajima. Cervical cancer in the asian fiaeepidemiology, screening
and treatmentAsian Pac J Cancer Preb(4):349-361, 2004.

[105] C. Morris. Lubisi and tsilitwa cross the digital divad
http://www.iconnect-online.org/Stories/Story.impbfi2, 3 2002.

[106] S. Mukundan, K. Vydareny, D. J. Vassallo, S. Irving,@yaoga. Trial telemedicine
system for supporting medical students on elective in thveldping world.Acad Radio|
10(7):794-797, Jul 2003.

182



[107] F. G. Mullick, P. Fontelo, C. Pemble. Telemedicine &sldpathology at the Armed
Forces Institute of Pathology: history and current missitetemed ,J2(3):187-193,
1996.

[108] M. Musoke. Simple icts reduce maternal mortality inralluganda. online, 1999.

[109] M. G. Musoke. Information and its value to health wask rural Uganda: a qualitative
perspectiveHealth Libr Rey17(4):194-202, Dec 2000.

[110] E. Neri, J. P. Thiran, D. Caramella, C. Petri, C. Bavtzi, B. Piscaglia, B. Macq,
T. Duprez, G. Cosnard, B. Maldague, J. D. Pauw. Interactie@M image
transmission and telediagnosis over the European ATM n&wBEE Trans Inf Technol
Biomed 2(1):35—-38, Mar 1998.

[111] I. Nordrum, T. J. Eide. Remote frozen section serwicBorway. Arch Anat Cytol
Pathol 43(4):253-256, 1995.

[112] I. Nordrum, B. Engum, E. Rinde, A. Finseth, H. Ericssbh Kearney, H. Stalsberg, T. J.
Eide. Remote frozen section service: a telepathology prajenorthern NorwayHum
Pathol 22(6):514-518, Jun 1991.

[113] M. Oberholzer, H. Christen, G. Haroske, M. Helfrich,®berli, G. Jundt, G. Stauch,
M. Mihatsch, K. Brauchli. Modern telepathology: a distribd system with open
standardsCurr Probl Dermato] 32:102-114, 2003.

[114] M. Oberholzer, H. R. Fischer, H. Christen, S. GerberBvuehlmann, M. Mihatsch,
M. Famos, C. Winkler, P. Fehr, L. Baechthold. Telepatholaifyr an integrated services
digital network—a new tool for image transfer in surgicalhmdogy: a preliminary report.
Hum Pathoj 24(10):1078-1085, Oct 1993.

[115] M. Oberholzer, H. R. Fischer, H. Christen, S. GerberBvuehlmann, M. J. Mihatsch,
T. Gahm, M. Famos, C. Winkler, P. Fehr. Telepathology: frogection diagnosis at a
distance.Virchows Arch 426(1):3-9, 1995.

[116] D. O’'Mahony, L. Banach. Teledermatology in a rural fgnpractice. S A Fam Pract
25(6):4-8, 2002.

[117] B. B. Ong, L. M. Looi. Medico-legal aspects of histopalogy practice Malays J
Pathol 23(1):1-7, Jun 2001.

[118] outsourcezindia.com. Outsourcing teleradiologinttia.
http://www.outsource2india.com/services/teleradiglasp, 13 april 2006.

[119] M. O. Oztas, E. Calikoglu, K. Baz, A. Birol, M. Onder, Calikoglu, M. T. Kitapci.
Reliability of Web-based teledermatology consultatioh3elemed Telecaye
10(1):25-28, 2004.

183



[120] N. Paksoy, B. Montaville, S. W. McCarthy. Cancer oceuce in Vanuatu in the South
Pacific, 1980-86Asia Pac J Public Health3(3):231-236, 1989.

[121] F. Parent, Y. Coppieters, M. Parent. Information testbgies, health, and
"globalization": anyone excludedPMed Internet Res3(1):E11, 2001.

[122] I. Petersen, G. Wolf, K. Roth, K. Schluens. Telepabiglby the Internet Pathol|
191(1):8-14, May 2000.

[123] D. Piccolo, H. P. Soyer, W. Burgdorf, R. Talamini, K.rReL. Bugatti, V. Canzonieri,
L. Cerroni, S. Chimenti, G. D. Rosa, G. Filosa, R. Hoffmandulis, H. Kutzner,
L. Manente, C. Misciali, H. Schaeppi, M. Tanaka, W. TylerZlger, H. Kerl.
Concordance between telepathologic diagnosis and caowahhistopathologic
diagnosis: a multiobserver store-and-forward study onki® gpecimensArch
Dermato| 138(1):53-58, Jan 2002.

[124] K. W. Prasse, E. A. Mahaffey, J. R. Duncan, M. F. Burréwecuracy of interpretation of
microscopic images of cytologic, hematologic, and higja@®pecimens using a
low-resolution desktop video conferencing systdelemed J2(4):259-266, 1996.

[125] S. S. Raab, M. S. Zaleski, P. A. Thomas, T. H. Niemannsé&tson, C. S. Jensen.
Telecytology: diagnostic accuracy in cervical-vaginaksms.Am J Clin Pathal
105(5):599-603, May 1996.

[126] E. Rashid, O. Ishtiaqg, S. Gilani, A. Zafar. Comparisdistore and forward method of
teledermatology with face-to-face consultatidryub Med Coll Abbottabad
15(2):34-36, 2003.

[127] M. Rigby. Impact of telemedicine must be defined in deping countriesBMJ,
324(7328):47-48, Jan 2002.

[128] N. Rogers, P. Furness, J. Rashbass. Development ofedst telepathology network in
the UK National Health Servicel Telemed Telecay&(2):121-123, 2001.

[129] J. K. Rotich, T. J. Hannan, F. E. Smith, J. Bii, W. W. Caled. Vu, B. W. Mamlin, J. J.
Mamlin, R. M. Einterz, W. M. Tierney. Installing and implemteng a computer-based
patient record system in sub-Saharan Africa: the Mosoriedlighl Record Systend. Am
Med Inform Assocl0(4):295-303, 2003.

[130] P. Schmid-Grendelmeier, P. Doe, N. Pakenham-Walstedermatology in sub-Saharan
Africa. Curr Probl Dermato] 32:233-246, 2003.

[131] P. Schmid-Grendelmeier, E. J. Masenga, A. HaeffneBug. Teledermatology as a new
tool in sub-saharan Africa: an experience from Tanzahi&am Acad Dermatok2(5 Pt
1):833-835, May 2000.

184



[132] J. Schneider. Telepathology at Tikur Anbessa Hokphtaw telemedicine worksEthiop
Med J 43(1):51-53, Jan 2005.

[133] P. Schwarzmann. Telemicroscopy. Design considmratior a key tool in telepathology.
Zentralbl Patho) 138(6):383-387, Dec 1992.

[134] R. E. Scott, P. Ndumbe, R. Wootton. An e-health needesssnent of medical residents
in cameroon.J Telemed Telecayd 1 Suppl 2:S578-S80, 2005.

[135] J. Settakorn, T. Kuakpaetoon, F. J. W.-M. Leong, K.mbaasert, K. Ichijima.
Store-and-forward diagnostic telepathology of small biep by e-mail attachment: a
feasibility pilot study with a view for future application iThailand diagnostic pathology
services.Telemed J E Healt8(3):333-341, 2002.

[136] H. P. Soyer, R. Hofmann-Wellenhof, C. Massone, G. &all. Dong, F. Ozdemir,
G. Argenziano. telederm.org: freely available online edtagions in dermatologyPLoS
Med, 2(4):e87, Apr 2005.

[137] B. Steffen, D. Gianom, C. Winkler, H. J. Hosch, M. Obader, M. Famos. [Frozen
section diagnosis using telepatholog@jwiss Surg3(1):25-29, 1997.

[138] A. Stepien, L. Banach, D. Chibowski, E. Korobowicz Wronecki, E. Sobolewska.
Histo- and cytopathologic remote diagnosis (telepathgldgreliminary reportAnn
Univ Mariae Curie Sklodowska [Med$4:313-318, 1999.

[139] A.J. M. A. Suleiman. E-health strategies for devehgpcountriesIMIA Yearbook of
Medical Informaticsstrony 148-156, 2005.

[140] P. Swinfen, R. Swinfen, K. Youngberry, R. Wootton. Avie of the first year’s
experience with an automatic message-routing systemvoctst telemedicinel
Telemed Telecar® Suppl 2:S63-S65, 2003.

[141] R. Swinfen, P. Swinfen. Low-cost telemedicine in tleweloping world.J Telemed
Telecare 8 Suppl 3:S3:63-S3:65, 2002.

[142] R. Swinfen, P. Swinfen. Low-cost telemedicine in teeeloping world.J Telemed
Telecare 8 Suppl 3(6):63—-65, Dec 2002.

[143] A. Szot, F. L. Jacobson, S. Munn, D. Jazayeri, E. N&drBelHarrison, R. Drosten,
L. Ohno-Machado, L. M. Smeaton, H. S. F. Fraser. Diagnostiaiacy of chest X-rays
acquired using a digital camera for low-cost teleradioldgyJ Med Inform
73(1):65-73, Feb 2004.

[144] J. Szymas, W. Papierz, M. Danilewicz. Real-time telewpathology for a second
opinion of neurooncological casesolia Neuropathol38(1):43-46, 2000.

185



[145] H. Tanriverdi, C. S. lacono. Diffusion of telemedieira knowledge barrier perspective.
Telemed J5(3):223-244, 1999.

[146] C. J. Terkelsen, J. F. Lassen, B. L. Norgaard, J. C. &e18. H. Poulsen, K. Bendix, J. P.
Ankersen, L. B.-H. Gotzsche, F. K. RAzmer, T. T. Nielsen, HARdersen. Reduction of
treatment delay in patients with ST-elevation myocardiédiction: impact of
pre-hospital diagnosis and direct referral to primary pgcous coronary intervention.
Eur Heart J 26(8):770-777, Apr 2005.

[147] D. J. Vassallo, F. Hoque, M. F. Roberts, V. Patterso®vienfen, R. Swinfen. An
evaluation of the first year’s experience with a low-cogtitetdicine link in Bangladesh.
J Telemed Telecay&(3):125-138, 2001.

[148] D. J. Vassallo, P. Swinfen, R. Swinfen, R. Wootton. &nx@nce with a low-cost
telemedicine system in three developing countrieselemed Telecay@ Suppl 1:56-58,
2001.

[149] M. H. Vazir, M. A. Loane, R. Wootton. A pilot study of lowost dynamic telepathology
using the public telephone network.Telemed Telecard(3):168-171, 1998.

[150] D. S. Weinberg, F. A. Allaert, P. Dusserre, F. DrouatRetailliau, W. R. Welch,
J. Longtine, G. Brodsky, R. Folkerth, M. Doolittle. Telepalogy diagnosis by means of
digital stillimages: an international validation studyum Patho) 27(2):111-118, Feb
1996.

[151] R. S. Weinstein. Prospects for telepatholdgym Patho] 17(5):433-434, May 1986.

[152] R. S. Weinstein. Telepathology: practicing pathglagtwo places at onceClin Lab
Manage Reyv6(2):171-3; discussion 174-5, 1992.

[153] R. S. Weinstein. Static image telepathology in pecipe. Hum Patho) 27(2):99-101,
Feb 1996.

[154] R. S. Weinstein. Innovations in medical imaging andual microscopyHum Patho)
36(4):317-319, Apr 2005.

[155] R. S. Weinstein, K. J. Bloom, L. S. Rozek. Telepathglagd the networking of
pathology diagnostic serviceArch Pathol Lab Med111(7):646—652, Jul 1987.

[156] R. S. Weinstein, K. J. Bloom, L. S. Rozek. Telepathgldgpng-distance diagnosi&m J
Clin Pathol 91(4 Suppl 1):S39-S42, Apr 1989.

[157] R. S. Weinstein, M. R. Descour, C. Liang, G. Barker, K.$¢ott, L. Richter, E. A.
Krupinski, A. K. Bhattacharyya, J. R. Davis, A. R. Graham,Ré&nnels, W. C. Russum,
J. F. Goodall, P. Zhou, A. G. Olszak, B. H. Williams, J. C. Wyadh H. Bartels. An array
microscope for ultrarapid virtual slide processing andpathology. Design, fabrication,
and validation studyHum Patho] 35(11):1303-1314, Nov 2004.

186



[158] R. S. Weinstein, M. R. Descour, C. Liang, A. K. Bhattaglya, A. R. Graham, J. R.
Davis, K. M. Scott, L. Richter, E. A. Krupinski, J. Szymus, IKayser, B. E. Dunn.
Telepathology overview: from concept to implementatiblum Patho)
32(12):1283-1299, Dec 2001.

[159] C. A. Wells, C. Sowter. Telepathology: a diagnostial tor the millennium?J Pathol
191(1):1-7, May 2000.

[160] J. D. Whited. Teledermatology. Current status andriitlirectionsAm J Clin
Dermatol 2(2):59-64, 2001.

[161] J. D. Whited, R. P. Hall, M. E. Foy, L. E. Marbrey, S. C.aatbow, T. K. Dudley, S. K.
Datta, D. L. Simel, E. Z. Oddone. Patient and clinician $atison with a
store-and-forward teledermatology consult systéetemed J E HealthL0(4):422-431,
2004.

[162] B. H. Williams, I. S. Hong, F. G. Mullick, D. R. Butler, . Herring, T. J. O’Leatry.
Image quality issues in a static image-based telepathaoggultation practiceHum
Pathol 34(12):1228-1234, Dec 2003.

[163] B. H. Williams, F. G. Mullick, D. R. Butler, R. F. Herr@ T. J. O’leary. Clinical
evaluation of an international static image-based telepagy service Hum Patho)
32(12):1309-1317, Dec 2001.

[164] L. Williamson, N. Stoops, A. Heywood. Developing atdig health information system
in south africa: a social process or technical solutiMedinfq 10(Pt 1):773—-777, 2001.

[165] G. Wolf, I. Petersen, M. Dietel. Microscope remote ttohwith an Internet browser.
Anal Quant Cytol Histqgl20(2):127-132, Apr 1998.

[166] M. Woollard, K. Pitt, A. J. Hayward, N. C. Taylor. Lingtl benefits of ambulance
telemetry in delivering early thrombolysis: a randomisedtcolled trial. Emerg Med J
22(3):209-215, Mar 2005.

[167] R. Wootton. The possible use of telemedicine in dgwelg countries.J Telemed
Telecare 3(1):23-26, 1997.

[168] R. Wootton. Telemedicine and developing countriesesssful implementation will
require a shared approachTelemed Telecay& Suppl 1:1-6, 2001.

[169] R. Wootton. Design and implementation of an automagssage-routing system for
low-cost telemedicinel Telemed Telecay® Suppl 1:544-S47, 2003.

[170] R. Wootton, S. E. Bloomer, R. Corbett, D. J. Eedy, N.K3idH. E. Lotery, C. Mathews,
J. Paisley, K. Steele, M. A. Loane. Multicentre randomisewtiol trial comparing real
time teledermatology with conventional outpatient dewtagical care: societal
cost-benefit analysi8BMJ, 320(7244):1252-1256, May 2000.

187



[171] R. Wootton, K. Youngberry, P. Swinfen, R. Swinfen. §yective case review of a global
e-health system for doctors in developing countrie$elemed Telecard 0 Suppl
1:94-96, 2004.

[172] R. Wootton, K. Youngberry, R. Swinfen, P. Swinfen. &gél patterns in a global
store-and-forward telemedicine systeiilelemed Telecayd 1 Suppl 2:5100-S103,
2005.

[173] World Health Organisation. ehealth. World Health &sbly no. 58 conf. paper 21,
April 2005.

[174] World Health Organisation. Knowledge managemeiaitsgy, who/eip/kms/2005.1.
WHO/EIP/KMS/2005.1, 2005.

[175] World Summit on the Information Society. Plan of aatidocument
WSIS-03/GENEVA/DOC/5-E, 12 2003.

[176] D. Wright. The International Telecommunication Un®report on Telemedicine and
Developing Countries] Telemed Telecard Suppl 1:75-79, 1998.

[177] D. Wright, L. Androuchko. Telemedicine and develapoountries.J Telemed Telecaye
2(2):63-70, 1996.

[178] K. Yamashiro, N. Kawamura, S. Matsubayashi, K. DotaSHzuki, H. Mizushima,
F. Wakao, N. Azumi. Telecytology in Hokkaido Island, Japeesults of primary
telecytodiagnosis of routine cas&3ytopathology15(4):221-227, Aug 2004.

[179] G. Yamey. The professor of "telepreventive medicirigVlJ, 328(7449):1158, May 2004.

[180] P. Yellowlees. Successful development of telemeeisystems—seven core principlés.
Telemed Telecar®(4):215-22; discussion 222-3, 1997.

[181] R.I. Zbar, L. R. Otake, M. J. Miller, J. A. Persing, D. Ringman. Web-based medicine
as a means to establish centers of surgical excellence dethedoping world.Plast
Reconstr Surgl08(2):460-465, Aug 2001.

[182] M. Zolfo, L. Arnould, V. Huyst, L. Lynen. Telemedicirfer HIV/AIDS Care in Low
Resource Setting$Stud Health Technol Inforpi14:18-22, 2005.

188



Curriculum Vitae

Personal Data

Name: Kurt Brauchli
Date of Birth: 15. 2. 1972
Nationality: Switzerland
Martial Status: married
Languages: German (native), English, French

Address: Weiherweg 90
CH-4054 Basel
Email: kurt.brauchli@unibas.ch

Educational Background

1988-1991: Matura Typ B (classical type with Latin) in Murtke BL.

1991-1999: Studies in Biology and Mathematics at the Usiaeof Basel. MSc in
Evolutionary Biology under the guidance of Dr. M. Tobeli dpibf. S.
Stearns. Thesis on “Evolution of co-operation in struadysepulations”

2003-2004: Guest Researcher at the Telemedicine Unit dfitineersity of
Transkei, South Africa. (Scholarship of the Swiss Natid®aknce
Foundation)

2003-present: PhD student in public health & epidemiologi the special topic of

“telemedicine in resource-constrained areas” at the Deyeant of
Pathology and the Swiss Tropical Institute, University asBlI.

Professional Experience

1995-1997: Support Engeneer - Nethos Internet Servicad&g\Basel
1997-2000: IT administrator at the Department of Pathql8ggel

- first level user support for 100 PCs

- network administration and server maintenance (Mac OSxL

server)

189



1999-present. Telepathology research at the Departmétdtbblogy, University
Hospital Basel. Development of the iPath telemedicinefqiat
(http://ipath.ch)
2001-present: Development and maintenance of tele-ntopysapplications for
remote intra-operative frozen section diagnosis in Swidrel (Basel,
Zurich, Samedan)
2001/2003 : Installation, set-up of histology lab and de-s&aining for telepathology
project at the National Referral Hospital in Honiara, Sotontslands
2002: Implementation of telepathology network for Inlanadrti West Health
Services, Spokane (US)
2003-2006: Technical advisory for the Breast Tumor Centesben, Germany
2003-2004: Guest researcher at University of Transkei indthta, South Africa.
Development of the regional telemedicine network
(http://telemed.utr.ac.za) and implementation of teledeology and
telepathology projects in Eastern Cape Province in Soutit#f
2006: Project management of “Clinical and educationahteléicine network
between Uzbekistan and Switzerland” funded by Swiss Nation
Science Foundation
2006: DermArena: tele-dermatology portal of the Swiss &gaf
Dermatology. Includes consultations, case presentatindseal-time
transmission of educational conferences over InterneéguRath).
since 2001: Advisor for various projects in Argentina, Badgsh, Cambodia,
Ethiopia, Lithuania, Mali, Nepal, Ukraine, US and Zambia

Publications:

190

Brauchli K, Oberholzer M. The iPath telemedicine platform. J Telemelédare.
2005;11 Suppl 2:3-7.

Brauchli K, O’'Mahony D, Banach L, Oberholzer M. iPath - a TelemedicitafBrm to
Support Health Providers in Low Resource Settings. Studtki&achnol Inform.
2005;114:11-7.

Brauchli K, Jagilly R, Oberli H, Kunze KD, Phillips G, Hurwitz N, Oberlzer M.
Telepathology on the Solomon Islands—two years’ expeéeeavith a hybrid Web- and
email-based telepathology system. J Telemed Telecard, 20Guppl 1:14-7.

Brauchli K, Oberli H, Hurwitz N, Kunze KD, Haroske G, Jundt G, Stauch @nBch L,
Wirdnam M, Mihatsch M, Oberholzer M.Diagnostic telepatigl: long-term experience
of a single institution. Virchows Arch. 2004 Mar 12

Oberholzer M, Christen H, Haroske G, Helfrich M, Oberli Hndu G, Stauch G,
Mihatsch M,Brauchli K. Modern telepathology: a distributed system with open
standards. Curr Probl Dermatol. 2003;32:102-14.



Brauchli K, Helfrich M, Christen H, Jundt G, Haroske G, Mihatsch M, Qidr
Oberholzer M. The future of telepathology. An Internet tdimited system" with "open
standards" Pathologe. 2002 May;23(3):198-206.

Brauchli K, Christen H, Haroske G, Meyer W, Kunze KD, Oberholzer M.
Telemicroscopy by the Internet revisited. J Pathol. 2002 F#6(2):238-43.

Brauchli K, Christen H, Meyer P, Haroske G, Meyer W, Kunze KD, Otto R, hb&er
M. Telepathology: design of a modular system. Anal Cell B&tR000;21(3-4):193-9.

Brauchli K, Killingback T, Doebeli M. Evolution of cooperation in spalty structured
populations. J Theor Biol. 1999 Oct 21;200(4):405-17.

191



	Foreword
	Acknowledgement
	Summary
	Zusammenfassung 
	I Overview
	1 Introduction
	2 Goals and Objectives
	2.1 Overall Goals
	2.2 Objectives

	3 Definitions and Context
	3.1 Information and Communication Technologies in Medicine
	3.2 Telemedicine
	3.2.1 Definitions
	3.2.2 Technology

	3.3 Specific Aspects for Resource-Constrained Areas
	3.3.1 Potential Benefits
	3.3.2 Limitations


	4 Literature Overview
	4.1 Evolution of Telemedicine
	4.2 Telemedicine in Developing Countries
	4.2.1 Impact of Telemedicine in Developing Countries

	4.3 Medical Specialties
	4.3.1 Radiology
	4.3.2 Pathology
	4.3.2.1 Telepathology Systems
	4.3.2.2 Cytology and Hematology
	4.3.2.3 Telepathology in Developing Countries

	4.3.3 Dermatology
	4.3.4 Other Disciplines
	4.3.5 Telehealth or e-Health



	II The iPath Telemedicine System
	5 Description of the iPath Telemedicine Platform
	5.1 Technical Background of the iPath-Server
	5.1.1 Basic Functionality of iPath
	5.1.2 Application Layers
	5.1.3 The Data Model
	5.1.4 Visualisation
	5.1.5 Modular Design 
	5.1.6 Security
	5.1.7 Advanced Functionality

	5.2 Distribution of iPath
	5.2.1 Requirements for Installation of an iPath-Server
	5.2.2 Helper Applications
	5.2.3 Licensing and Availability


	6 Telemicroscopy by the Internet Revisited
	6.1 Introduction 
	6.2 Using the Internet for Telemedical Applications 
	6.3 A Way Out: Distributed System for Telemicroscopy 
	6.3.1 Connecting the Microscope: the Microscope Control Program 
	6.3.2 Using the Microscope at a Distance: the Client Web Page 
	6.3.3 The Telepathology Server 

	6.4 Discussion
	6.4.1 An Open Standard 
	6.4.2 Use for Frozen Section Diagnosis 
	6.4.3 Combining Dynamic Telemicroscopy with 'Store and Forward'
	6.4.4 Future Directions 

	6.5 Conclusion 

	7 Applications of the iPath Server at the University of Basel
	7.1 The iPath-Server at the University of Basel
	7.2 Overview of Applications and Groups
	7.2.1 Groups with over 100 Cases
	7.2.2 Other Interesting Groups
	7.2.3 Virtual Portals

	7.3 iPath in Developing Countries
	7.4 Other Applications of iPath Software

	8 iPath -- Telemedicine Platform for Low Resource Settings
	8.1 Introduction 
	8.2 iPath - a Hybrid Web and Email Based Telemedicine Platform 
	8.2.1 Telemedicine Platform at the University of Basel 

	8.3 Case Studies 
	8.3.1 Teledermatology in Port St. Johns, South Africa 
	8.3.2 Telepathology on Solomon Islands 

	8.4 Discussion 


	III Case Studies
	9 Telepathology on the Solomon Islands--two years experience
	9.1 Introduction
	9.2 Methods
	9.3 Results
	9.4 Discussion 

	10 Diagnostic Accuracy of Telepathology on Solomon Islands
	10.1 Introduction
	10.2 Material & Methods
	10.2.1 Telepathology System
	10.2.2 Review

	10.3 Results
	10.3.1 Material Submitted
	10.3.2 Diagnostic Discrepancies
	10.3.3 Problematic Cases
	10.3.4 Reasons for Diagnostic Discrepancies
	10.3.5 Development Over Time

	10.4 Discussion
	10.4.1 Telepathology and Continuous Medical Education
	10.4.2 Beyond (Tele-)pathology

	10.5 Conclusions

	11 Telepathology at the Sihanouk Center of Hope, Cambodia
	11.1 Introduction
	11.2 Material & Methods
	11.2.1 Laboratory
	11.2.2 Telepathology

	11.3 Results
	11.3.1 Diagnostic Discrepancies
	11.3.2 Reasons for Diagnostic Discrepancies

	11.4 Discussion
	11.4.1 Way Forward


	12 Teledermatology in the Transkei
	12.1 Introduction
	12.2 Material and Methods
	12.2.1 Port St. Johns
	12.2.2 Tsilitwa
	12.2.3 The UNITRA Telemedicine Network

	12.3 Results
	12.4 Discussion

	13 ICT for Distant Medical Collaboration in Ukraine
	13.1 Introduction
	13.2 Materials and Methods
	13.3 Results
	13.3.1 User statistics
	13.3.2 Case statistics
	13.3.3 Comment statistics

	13.4 Clinical Application
	13.5 Discussion
	13.6 Conclusion


	IV Consolidation of Results and Discussion
	14 Telemedicine in Resource-Constrained Areas
	14.1 Telepathology
	14.1.1 The Role of the Referring Physician's Clinical Background
	14.1.2 Extending Existing Collaboration via Telemedicine
	14.1.3 Educational Impact

	14.2 Regional Networks

	15 Telemedicine and Health Systems
	15.1 Potential Benefits
	15.1.1 Purpose of Information Exchange
	15.1.2 Partners in Information Exchange

	15.2 Acceptance
	15.3 Cost Effectiveness
	15.4 Deployment Strategies
	15.4.1 Selection of Technology
	15.4.2 The Process of Implementation
	15.4.3 Decentralised Collaborative Networks

	15.5 Towards a Grid of Decentralised Networks
	15.6 Recommendations

	16 Ongoing Projects
	16.1 Educational Impact of Telepathology Consultations
	16.2 Telecytology Study at NRH
	16.3 Solomons Islands Telemedicine Network
	16.4 Uzbekistan Telemedicine Network Project

	17 Conclusions
	Bibliography
	Curriculum Vitae


