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Abstract

Background: Recent advances in information technology have allowed the
development of a telepathology system involving high-speed transfer of high-volume
histological figures via fiber optic landlines. However, at present there are geographical
limits to landlines. The Japan Aerospace Exploration Agency (JAXA) has developed the
“Kizuna” ultra-high speed internet satellite and has pursued its various applications.
In this study we experimented with telepathology in collaboration with JAXA using
Kizuna. To measure the functionality of the Wideband InterNet working engineering
test and Demonstration Satellite (WINDS) ultra-high speed internet satellite in remote
pa(holog]cal dlagnosls and consultation, we examined the adequate data transfer speed

to i hology (both di isand conferencing) with functionality,
and ease similar or equal o telepathology using fiber-optic landlines. Materials and
Methods: We performed experiments for 2 years. In year 1, we tested the usability of
the WINDS for telepathology with real-time video and virtual slide systems.These are
state-of-the-art technologies requiring massive volumes of data transfer. In year 2, we
tested the usability of the WINDS for three-way teleconferencing with virtual slides.
Facilities in Iwate (northern fapan), Tokyo,and Okinawa were connected via the WINDS
and voice conferenced while remotely examining and manipulating virtual slides.
Results: Network function parameters measured using ping and Iperf were within
acceptable limits. However; stage movement, zoom, and conversation suffered a lag of
approximately 0.8 s when using real-time video, and a delay of 60-90 s was experienced
when accessing the first virtuat slide in a session. No significant fag or inconvenience
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The latter reached upload and download maximum  purpose of medical digital image analysis. When viewed
speeds of 2 and 10 Mbps, respectively. In contrast, the  on a with image software, zoom,
WINDS reaches over 155 Mbps, or more than 15 times  viewing arca, etc., can be adjusted as with a microscope.
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the speed of cunrent commercial satellites. The WINDS
coverage is also noteworthy, reaching all of Japan and
the major cities of Asia with a fixed antenna. This single
satellite can communicate with points on nearly one-third
of the globe, with minimal geographical limitations with
a beam-hopping antenna [Figure 1].

Warp Scope

A real-time remote microscope diagnostic system. The
diagnostic facility can remotely adjust focus, zoom, and
stage position in real-time. Used for remote intraoperative
pathological diagnosis and cytodiagnosis over fiber-optic
lines. Video transmission uses WarpVision.
Specifications

Real-time  remote  microscope  diagnostic  system
developed by Finggal Link Co., Ltd. (Tokyo, Japan).
Image size: 1920 x 1080 at 30 fps. Objective lenses:
%125, x2.5, x5, x10, x20, x40, x63. Control: X, Y
stage , Z focus . Light ady ent:
Condenser.

Warp Vision
A video communication service (or sofhvarc) develo
and trademarked by NTT i

Japan). The sk.mdard resolution - version ence
transfers § Mbps of video data at 640 x 480
The high-definition version encodes ‘and trar
Mbps of videa data at 1920 x 1080 (30 fps). Vi
audio delay is less than 200 ms in both versions,
conversation and remote operation smooth.

Virtual Slides
Created by digitally scanning glass slides as high-resolution
digital images using a digital scanning system for the

Maximum optical zoom is limited by image resolution.

Virtual Slide-Related Products

ScanScope CS2 eSlide capture device and Spectrum
software for digital slide management, and ImageScope
viewing software (Aperio Technologies, Vista, CA, USA).
Conferencing functions, including screen sharing, field
movement, zoom, and annotation were tested.

Evaluated Items
This series of experi luated the ication:
network, operability of the remote medical equipment,
and the feasibility of remote diagnosis with pathological
images.

Cammumcauong Newwork

ion quality and taansfer speeds
were evaluated on the WINDS experimental network,
including earth stations (terrestrial terminal stations
used for telecommunication with satellites andfor
spacecraft, or to receive radio waves from astronomical
sources). Earth stations were established at Iwate Medical
ersity, the International University of Health and
(IUHW)  Mita Hospital (Tokyo), and the
of the Ryukyus {Okinawa). Figures Za and b
s the conferencmg network setup used in 2% year
inentation.

Opérability of Remote Medical Equipment

ned the interface between the WINDS and
clepathology cquipment (real-time video and virtual
side systems) and the operability of this system as
a whole. In year 1, the communication quality of
the WINDS was compared with that of land-based
fiber-optic networks.

Ka-panc Mult-Brasm Antanna (MBA)
for Japan i vicinlty

‘Sotar sy i (s sido)
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Figure |: WINDS diagram.WINDS is a v

vay paddies, covering

ia with 19 fixed: and active phased array

the Asia-Pacific region with two scanning spot beams
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was experienced during diagnosis and conferencing, and the results were satisfactory.
Our hypothesis was confirmed for both remote diagnosis using real-time video and
virtual slide systems, and also for teleconferencing using virtual slide systems with voice
functionality. Conclusions: Our results demonstrate the feasibility of ultra-high-speed
internet satellite networks for use in telepathology. Because ions satellites
have less geographical and infrastructural requi than landlines, ultra-high-speed
internet satellite telepathology represents a major step toward alleviating regional

Website:
wvaw jpathinformatics.org
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disparity in the quality of medical care.

Key words: KIZUNA (#), optical fiber, real-time video system, telepathology,

ultra-high-speed internet satellite, virtual slide system

INTRODUCTION

‘Telepathology (remote pathelogical diagnosis system using
IT equipment) was first implemented in the early 1980s.1"
and quickly spread around the world % In Northemn
Europe, it connected far northern hospitals with arban
facilities. Likewise, hospitals in mountainous regions of
Germany and Switzerland were connected with urban
hospitals by telepathology systems. In the United States.
telepathology was applied to connect larger hospitals
with their branches.™ Telepathology has numerous
applications,  including  consultation,  intraoperative,
diagnosis, distance education, and conferencing;
Japan, where there are only 14 pathologists per,;
people and many hospitals do not have a pathe
staff, the primary use of telepathology is overwt Immg!
intraoperative remote diagnosis. This usage h:
governmental support as a method to alleviate’
disparity in medical care. For this reason, great efl

been made to disseminate virtual slides.™* Telepathology

was initially adopted in Japan in the early 1990s. Since

this time, technological advances have transformed
telepathology. Analog lines were used at first.!"!! Now,
digital lines are used for static rabotic telepathology, and
fiber-optic lines transfer real-time high-definition video and
virtual slide data. P! Because the diagnosing pathologist
can select and move the microscope's stage remotely,
as well as adjust both zoom and focus using real-time
high-definition video, these new technologies allow most
quick diagnoses to be completed within 10 min, provided
that the client and diagnostic facilities are connected by
fiber-optic network. This means that telepathology can
now respond to the need for intraoperative additional
resection, making it almost identical to onsite pathological
diagnosis at facilitics with a full-time staff pathologist. The
same conditions are necessary for virtual slides, which are
rapidly being adopted.

Conversely, as the rapid technological development of
telepathology has increased the amount of data transfer
requited, feasibility is increasingly limited to facilities
linked via a fiber-optic network. Satellite technology,
which can achieve universal coverage far more easily than
landlines, is necessary to expand the use of telepathology
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worldwide. However, until now satellites have been
weather-dependent, and prone to choppy image and
video transmission. In Japan, the use of ultra-high-speed
internet satellites — achieving speeds equal to fiber-optic
landlines  is being promoted in various fields, including
medicine.* The primary advantage of satellite
technology is that, unlike landlines, communication is
less limited by distance and infrastructure; it is casy to
communicate via satellite with mountainous areas, remate
islands, and foreign facilities unreachable by fiber-optic
landlines. Ultra-high-speed intemnet satellite technology
could alleviate regional disparity in the quality of medical
/by making it possible to perform intraoperative
5, consultation, and distance education with
tion pathological images and video."

upport of the Rescarch and Development Burcau
istry of Education, Culture, Sports, Science, and

gy (MEXT); we tested the satellite telepathology
’mhtues of the Wideband InterNet working engineering

“test and Demonstration Satellite {WINDS), which is also

known by the nickname “KIZUNA.”
MATERIALS AND METHODS

Experiments were carried out over a period of 2 years, Year
1's experiments tested the interface between the WINDS
and telepathology equipment, including operability and
image quality for enabling optimal diagnosis The two
campuses (Uchimaru and Yahaba) of Iwate Medical
University (IMU), which are separated by 12 km, were
connected using the WINDS to transfer real-time video
images for telepathology. Results were d to those
obtained over a fiber-optic connection. In the second
year, IMU was connected with Tokyo (530 km} and
Okinawa (2,000 km). We evaluated the functionality and
usability of remote voice conferencing for pathological
diagnosis using virtual slides. Image transfer and audio
functions were included.

Equipment.

WINDS

An ultra-high-speed internet satellite capable of data
transfer rates far exceeding existing commercial satellites.

tp: jpathil i -glcontent/4/1/24

7 ) WINDS

A

Figure 2a: Network diagram. Earth stations were placed in the three participating institutions in (Iwate Medical University, Iwate; IUHW
Mita Hospital, Tolyo; University of the Ryulyus, Okinawa). Additionally, a scanner and server were placed at IMU. IUHW Mita Hospital

and the University of

‘the Ryukyus acted as client institutions and IMU as the consulting hospital

"""""""‘""‘""’""}
{ Wit wies Hospirat,
i Tokye

Telepathology
conference via
communications satellite

Figure 2b: Conferencing. Using virtual slides stored in the IMU server and a system, we had
between Iwate Medical University, lwate; IUHW Mita Hospital, Tokyo; and the University of the Ryukyus, Okinawa

Remote Image Diagnosis

The cases used in our experiments are illustrated in
Tables 1 and 2. In year 1, we examined whether or not
Helicobacter pylori (H. pylori) were identifiable with

in Iwate, Tokyo, and Okinawa. Each location was given
control in turn, and 10 cases with significant treatment
lmphcahons were examined, These cases included

both standard and high-definition images. In year 2,
thrce-way conferencing was tested between institutions

a bone mamow smear, HER2 protcm
expression in breast cancer, and others of interest in
targeted therapy.
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Table 1:Year | cases
Gastric biopsy, H and E stain Gastritis Disgnosis and ination of hi
Gastric biopsy. Giemsa stain Gastritis Diagnosis and confirmation of H. pylori infection
Gastric biopsy, H and E stain Gastric polyp Diagnosis, confirmation of histological characteristics
Colon biopsy, H and E swin Colitis Diagnosis, confirmation of histological characteristics
Colon biopsy, H and E stain Colon cancer Diagnosis, histelogical typing
Lung biopsy, H and E stain Lung cancer nosis, histological typing for p
Stomach biopsy; H and E stain Stomach cancer Diagnosis, histological typing
Rectal biopsy, M and E stain Rectal cancer Diagnosis, histological typing
Rectal surgical material, IHC (CEA) Rectal cancer CEA expression, and IHC confirmation of positive area
Hand and cosin, HC: g i y tssue made
in relation with treatment. H. pylori: H.pylori positively i . High g4 ware used becure H.pylot f dificul 6 dencly 3¢ standard resluton,
Colon i i nd of compared using cascinoembryonic antgen (CEA) to discriminate tumor
and none tmor
facsiee s e o A e e SR AN
Lung surgical material Frozen section Quick diagnosis classification of lung etermination for surgical
Hand E cancer procedure
Esophagus surgical Frozen section Quick diagnosis tumor residue in Determination for further
material Hand E surgical margin excision
Thyroid gland surgical Parfaffin section Cancer or nat from nuclear Selection of treatment
biopsy Hand E
Bone marrow smear Blood smear Selection therapeutic
Giemsa procedure
Lung cytological Cytological specimen Determination for therapy
diagnosis papanicofau
Breast biopsy H and € Paraffin section Selection for surgical therapy
Mammary gland surgical  Paraffin section IHC (HER! 4.3 prosein.for therapy Determination of hormonal
biopsy Hand € . g therapy
Skin biopsy H and E Paraffin section HC (Ki-67) f Ki-67, proliferative marker Selection for therapy high
for malignancy
Lymph node biopsy Paraffin section IHC Monoclonality of lymphocytic tumor Selection of therapy as
Hand E,IHC . plasmacytoma
Lymph node biopsy Consulation of lymph node ~ Classification of granuloma Selection of therapy against
Hand granuloma tuberculosis
10 ir i saited ncded e from he surgal margin (1, 2), el comvmnional histological dognoss
(3.6,10).2 b smear (4), i (5)an of IHC (7,8.9). Samples
treatment options vary by case
RESULTS maximum data transmission rate (without application
cquipment attached) at 383 Mbps. In year 2, maximum
Communication Network specd \\'15 measured at 19.1 Mbps m all Jegs of the
Communication Quality “Tokyo-Okinawa th
[W“ f“sfd “?;‘d“t“l network *f?“"g “’;’.". (ping ‘{ﬁ" Comparison with F:b=r~0pm Network
\l;/‘cli\!)DSo A\(;»ahua ¢ ,m",}.";:i‘m;ﬂ 1on g““_’t“ ‘usmgm're As shown in Table 6, the data loss rate for communications
NDS. As shown in Table 3, round:trip time (RTT) oy, fier-optic landlines was measured at a stable 0%. The
':;;eragcdl 178(? ms fiunng year 1 and 800 ms in year 2. ypypg experienced negligible packet loss, and error
Wnle;;;)ga ues are in t“l:z :;’:‘ ::idlgzr';"a' range for the cortection cnsumfi minimal ﬁ.’u—ne dropping. The WINDS
bi - L g achieved stable video transmission of 16 Mbps at roughly
bitrate, loss, and jitter indicated normal communication 34 fos. Video and audio packet jitt enificantl
lity [Table 4]. ps. Video and audio packet jitter was significantly
qua greater using the WINDS than the fiber-optic
Maximum Speed connection, but was found to be within normal values for
As shown in Table 5, in year 1, Iperf measured  its application mode.
D free from 7g on Friday, May 09, 2014, IP: 202.244.168.116] || Click her to download free Android appiication for this jour
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lasmi lies, nuclear atypia, and chromatin

Operability of R Medical E

Warp Vision Real-time Video System (Year 1)

For diagnosis to be made, remote microscopy requires

manipulability of the field of vision, zoom, and focus.

Ovcrall, the funchonahty of high-definition * image
lation I no i difficulty and was

comparable to that with 2 fiber-optic connection, though

the focus lagged approximately 0.8 5.

Virtual Slides (Year 2)

‘We accessed the Spectrum digital slide management server
and confirmed that virtual slides were viewable. The virtual
slide images were dithered (displayed as a low-resolution
mosaic) while loading, and took approximately 1 min to
fully load. Once completely loaded and displayed at full
resolution, no inconvenience was experienced in adjusting
the field of vision or zoom. Additionally; shape, stainability,
and some level of microstructure were observable.

Pathological Image Cases
Year 1 Cases

Gastric Cancer Biopsy

A biopsy containing both undifferentiated carcinoma
and normal tissues was compared. Cellular characteristics
of the invasive cancer cells with significant atypia were
clearly confirmed and diagnosis was possible wit
difficulties.

H. pylori Confirmation
Identification of H. pylori is difficult with standard-
images, but not with the high-definition image‘%y
these experiments. H. pylori were confirmed s
Giemsa and hematoxylin and cosin (HE) stamm
shown in Figure 3.

Colon Cancer Immunostaining
The area  exhibi ish-red  color
indicating positive: reaction: to_ the antibody, while the
TIONCARCETOUS arca was ncgatich

Lung Tissue
Cancerous and normal cells: were e:xs\ly distinguishable
on the basis of histo- and cyk logical findings such as

: Giemsa staining Helicobacter pylori were visible, wlth

coarsencess.

Year 2 Cases

We accessed the digital slide server at IMU from
two remote paints (IUHW Mita. Hospital, Tokyo and
University of the Ryukyus, Okinawa) and viewed virtual
slides. The results of conferencing conducted via the
WINDS are summarized below.

Lung Tissue

Tissue sample excised from a lesion from an abnormal
chest Xray shadow. Consultation requested to diagnose
and  determine  treatment.  Diagnosis  according  to
Noguchi’s classification type A of ad i 16
required focal rather than extended resection lobectomy or
radical lymph dissection (lymph adenectomy). (IMU case.)

Esophageal Tissue
Consultation on pathological diagnosis revealed cancer
remaining in the marginal region. Additional resection
required. No relapse at the time of writing. [Figure 4;
IMU case]
Th)m:d Tissue
ltation on mali for ive histological

5 ng\cn Nuclear grooves and inclusion bodies 1denhhed

“diagnosed as papillary adenocarcinoma (follicular
; total thyroidectomy performed with radical
of cervical lymph nodes [Figure S; University
kyus case].

arrow Smear

cof smeared slide with suspected hemopathies,

*Jeukemia.. mages. . at *:X20 magnification
to identify nuclear and cytological

} i for dia is; x40 images

required mskead Diagnosed as bemgn (l’\]U case.)

Pulmonary Cytodiagnosis
Cellular and nuclear ct istics and cellular
and overlap are considered diagnostic indicators of

Figure 4 tissue

gure
club-shaped figures (25.5 pm in length). H. pylori is
the genesis of stomach cancer and malignant lymphoma (lrrvws)

P .
on the surgical margin

J Pt doforra 2013, 1224

Table 3: RTT measured with ping
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Year | 2010.1.27

1 hop Uchimaru— Yahaba 740471 781413 819.152

Yahaba—sUchimaru 740.807 779.588 818951
Year 22011.6.30

1 hop Ivate—Tokyo 746813 786.608 825.848
Tokyo—slwate 756,958 794.970 836.155
Iwate->Okinawa 746.982 785.855 824.997
Okinawa—wate 775.997 811.766 854.027

2 hop Tokyo—>Okinawa 1576.921 1604.343 1625.646
Okinawa—Tokyo 1535.765 1572.74} 1614.639

A network administration utifity to test measure RTT. RTT: Roundhirip transmission time b«mn the origin and serminal poins of  signahin tis e

betwaan the satcllite and earth stations, Hop:An excursion fram one earth station to another via

2 hops: Earth scation A > sateflite - garth-tased rehy scation - sathite — Earth station 8

Table erf resuls
Year | Uchimaru-Yahaba 29
2010.1.27 Yahaba->Uchimaru 29
Year 2 Ivate—>Tokyo 14
2011.6.30 Tokyo—slwate 4
Iwate—Okinawa
Okinawa—lwate

fperfA network testing tool with parametars adjustable to measurs pa
atency (delay) variation

Table 5: M

m measured transfer speed:

Year | Uchimaru—Yahaba
2010.1.27 Yahaba—>Uchimaru

Year 2 Iwate—Tokyo
2011630 Tokyo-slwate

Max. transmission rate: 19.5 Mbps Iwate—Okinawa

Okinawa~lywate

60.0 0 0.604
60.0 o 14.253
602 0 15.621
503 0 18.354
60.0 0 1210
60.2 [ 15.959

(%) meazured by [pert i

383 60.0 0
383 60.0 0
9.1 ! 61.2 0
191 61.2 [
19.1 60.7 0
9l 612 0

The ission speed of the

syt is the noiml 155 Hbps. Horieve hs exrth saion wsd n this xperiment was fmied (@
Year |

S} Hbps. In this case, the effective rate was abous 28 Mbps (:bmt 70% of thy
wias 38 Mbps.Year 2 connected client and diagnosti acikties through Tokyo, halving the effective transmission rate

Transmission rate (kbps) 16043 16021 929
RTT (ms) 82178 43.16

Loss (%) 0334 042 0 4
Video packet jicter (ms) 14.87 1442 17 095
Audio packet fitter (ms) 147 1365 1.62 087
Measurement time (s) 46 428

The above data was calcubated from packets captured by logging tools instaled in the client computers at each ransmissicn terminus.In application mode, the WINDS uses
WarpVisian HO (fult high defintion = 1920x1080) white the fiber-optic netuwark uses WarpVision {QVGA = 320%240).The transmissin rate disparity reflects the reselution

differences
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li y. Cytodi
than histodi This case di d as pul ¥
adenocarcinoma  based on nuclear atypia and sizc
variation, increased chromatin levels, and cellular
overlap. The x20 images were diagnostically sufficient.
However, cytodiagnosis found to require rapid focus
adjustment [Figure 6; IMU case].

Yolosicall

is meth y simpler

Mammary Gland

Difficult case of suspected invasive breast cancer.
Primarily intraductal, but slight extraductal invasion
confirmed. Only local tumor resection and close follow-up
required (IUHW case.)

Mammary Gland
Scoring of immunohistochemical HERZ reactivity for
selecting antibody therapy [Figure 7). Recently, targeted
antibody khcmp\ lms )omed thc regimen of resection
and chemotl hemistry  (IHC) s
used for smrmg t]n amount of HER2 protein, and
selecting appropriate treatment. Three samples were
immunostained and scored at each facility. All diagnoses
matched; two were categorized as score 3, and one as
score 2. This sample was referred for fluorescence in situ
hybridization (FISH). (IUHW case.)

Skin Biopsy
ps

di ©

of the

benign

indicated possible malignancy. Sample irm
with cellular proliferation marker 7
rule out malignancy despite low
count. All three facilities agieed on need for additinsl

immunostaining  with CD34  or consultation Wit

dermatopathologist. (IMU case.)

Lymph Node Biopsy

Swelling of lymph node with cell proliferation, characterized
by cell shape and wuclear position. Additionally
immunohistochemical staining demonstrated only k-chain
immunoglobulin-positive cell prolifcration, led to diagnosis
as kappa-type pl . Cellular istics ‘and
positive i ble and acceptable to all

conferencing participants. (Umvcrsﬂ:} nf the Ryukyus case.)

Lymph Node

Swdlmg of lymph node dlagnoscd a5 noncancerous |

in this case d by little
confluence and necrosis. (University of the Ryukyus case.)

DISCUSSION

The WINDS is onc of many Japanese satellites. In
addition to communications, satellites-are used for
weather forecast, disaster prevention, and numerous other
purposes in Japan.! The WINDS was developed by the
Japan Acrospace Exploration Agency (JAXA) and the
National Institute of Information and Communications

g on Friday, May 03, 2014, 7 262.244.198.115) |} Click here 1o download frea Android application for this
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Figure 5: Thyroid tissue specimen. Thyroid tumor: Diagnosis was
papiltary carcinoma (foflicutar variant) with nuclear grooves

Fulmonary cytodiagnosis. C)'tologlcal diagnosis for
: Ad with cluster of
atypical calls

“The pati tibody

Fixure :
therapy based.on the result of immunohistochemical score 2
reactivity for HER2 protein

Technology (NICT) "in”order to overcome the digital
divide and provide universal broadband internct service.
The satellite is nicknamed “Kizuna” (“connection,” or
“human bond” in Japanese), a word which has special
resonance after the earthquake and tsunami of March
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1, 2011, The WINDS is still experimental, but potential
uses include industrial, scientific and  educational
services, as well as to provide information for use in
disaster prevention. The WINDS is distinguished by
a combination of mobility, wide coverage arca, and
obustness in the event of disaster. It provides higher
data transfer speeds using smaller antennas than existing
communications satellites. Portable user terminals receive
155 Mbps with 45 cm aperture antennas and transmit 155
Mbps with 1.2 m antennas, Terrmizials of this size are easily
transportable anywhere within the satellite’s coverage
area. The WINDS has fixed antennas for Japanese and
major southeastern Asian cities, and high-speed scanning
antennas that provide total coverage of nearly one-third
of the globe without reliance on landline infrastructure.
This means that if a natuwral disaster interrupts
land-based networks, portable the WINDS terminals
can easily be transported into affected areas and easily
set up altermative network service. For instance, after
the disaster of March 11, 2011, the WINDS mobile
carth stations were installed at the Iwate Prefectural
Office and the affected coastal cities of Kamaishi and
Ofunato, n}]owing high-definition videoconferencing and

internet access."! These characteristics mean that, unlike

fiber- optic cable networks, the WINDS can pm';{
service in mountainous regions and isolated ishin
The WINDS uses an ethernet connection, m
highly compatible with land-based intemet el
The WINDS and landlines can be uscd complesn
to create more reliable networks. The success?
telepathology experiments indicates that the
interface is well adapted for remote medical servi
the future, it is expected that the WINDS will be used
to provide telemedicine services and medical cooperation
for the Asia-Pacific region.

Japan has numerous public and private communications
satellites in use [Table 7], but the WINDS is capable of
data transmission speeds far outstripping any of them,
Because telepathology requires the transfer of very large
amounts of data, it is highly unlikely that any other
available satellite could achicve the image quality and
stability necessary for telepathology.

Virtual slides require more preparation (scanning) time
than real-time video, but once prepared and saved to a
server, they are accessible from anywhere** Virtual
slides are used around the world in educational settings;
according to Weinstein, students at Arizona University
use virtual slides exclusively, completely discarding optical
microscopy!! The Japanese Ministry of Health, Labor,
and Welfare (MHLW) has helped fund the purchase of
about 250 scanners nationwide for the “standardization
of cancer medical services”. Throughout the country, 60%
of medical schools have introduced virtual slides, and
20% of facilities with virtual slide capability use them in
lectures and practice. !
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Digicom EX500:¢. 297x339% 256 & wireless
400,000yen 51 mm LAN, UsB,
ea. EX700:c. Bluetooth
700,000yen ea.
N-Star (S) Widestar ~ NTT Fixed/ L3kg Swreaming: 8 k R}-45
W(NTT  Docomo  Transportable Data: (Packets:
Docoma) (Car-/ship- 384 )
mountable} (64 k data: 64 1)
<. 370,000y
JCSAT ExBird SKY Perfect  Fixed/ s Internet service  RJ-45
(Kuband)  (SKY JSAT Transportable Premier: 8M/ 10/100Base-T
Perfece SNET €. 480-680,000 2mM (Ethernet)
JSAT) yen ea. Rental: Standard: 4 M/400
160,000yen K
JCSAT (Ku)  Portalink  SKY Perfecc  Mobile Flatpanel  25WSSPA 20 kg 3M/1.5M RJ-45
{SKY JSAT c. [0 million yen antenna 6M/1.5M 10/100Base-T
Perfect ea. 744%649% gMILEM
JSAT) 860 mm (HD-capable)
Inmarsat () Isat Phone  JSAT Mobile Mobile phone  54x170% 279¢ Voice: Bluetooth 2.0
Pro NTT €. $600 ca. 39 mm Voicemail: Micro SD
(Inmarsat)  Docomo SMS: Audio socket
KDDI Data: 24 k Antenna port
Japan
Digicom
Iridium (L) Iridium KDDt Mobile phone 30%55% 057w 266 g Voice: miniUSB
9555 Japan 250000 ea. 143 mm
(Iridium)  Digicom
Thuraya-3 (L) Thuraya  Softbank  Mobile phone  53x128x 193¢ Data
(Limited (wiGSM) 265 mm (wibattery) (P das:384k  Cable (UDC)
area) <. $500 ea. with USB
connector

This table indicates that the data ransmission rates achieved by the WINDS are very high In comparison to those of Japanese R and D, engineering. and commerciaf sacefltes
currently in service

pathological diagnosis with real-time video and for
viewing and manipulating still-image virtual slides
for conferencing and consultation. These  results

indicate that in the future, Japan’s WINDS could be
used internationally for microscopic image diagnosis,
education, and research.
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Abstract

ed use, distribution, and

. which persmits unrest

Pathology informatics has evolved to varying levels around the world. The history of
pathology informatics in different countries is a tale with many dimensions. At first
glance, it is the familiar story of individuals solving problems that arise in their clinical
practice to enhance efficiency, better manage (e.g., digitize) laboratory information,
as well as exploit emerging information technologies. Under the surface, however, fie
powerful resource, regulatory, and societal forces that helped shape our discipline into
what it is today. In this monograph, for the first time in the history of our discipline,
we collectively perform 2 global review of the field of pathology informatics. In doing
so, we illustrate how general far-reaching trends such as the advent of computers, the
Internet and digital imaging have affected pathology informatics in the world at large.
Major drivers in the field included the need for pa\:holcg;sts to comply with national

standards for health information technology and

o meet the

scarcity of pathology services and trained people in certain counmes Following trials
by a multitude of investigators, not all of them successful, it is apparent that innovation
alone did not assure the success of many informatics tools and solutions. Common,
ongoing barriers to the widespread adoption of informatics devices include poor
information technology infrastructure in undeveloped areas, the cost of
and regulatory issues. This review offers a deeper understanding of how pathology
informatics historically developed and provides insights into what the promising future

might hold.

Key words: History, pathology informatics, clinical informatics, electronic medical
record, laboratory information systems, pathology education
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Unfortunately, circa 1998 the TRANSPATH network was
shut down due to the fact that RESINTEL could not
secure funding for continued operation.

In 1997, the Fund: Is of Modem Telemedicine in
Africa (FOMTA) project developed tegional networks
between research centers and universities of many African
countries, using up to 256 kbps ISDN ions for
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Satellite  {GALENOS)  network, a  satellite-based
telecommunication infrastructure that affered 2 Mbps
interfaces to participating clinics. GALENOS eventually
covered a total of 14 clinics in Bulgaria, France, Germany,
Gre: Italy, and Tunisia; it enabled intraoperative
telepathology using a robotic imicroscope with a video
camera and remote control (apﬂn]xh i The iPath platform

the store-and-forward of medical images (including
static telemicrascopy) and the remote control of medical
instruments. These initial efforts were limited by the lack
of high-quality network infrastructure in many of the
target nations and by the nascent state of network-capable
collaborative editing and publication software  stacks
at the time, but were nevertheless successful in
providing static telepathology services where none had
previously existed.”! By the mid-2000's, FOMTA - and
ather regional telepathology projects like it - largely
migrated to apen-architecture  telepathology platforms
written atop Linux, Apache, MySQL, PHP (LAMP)
stacks, of which {Path has been the most successful in
Africa (see section: Data Management Platforms).™

The first reports of telepathology and  teleradiology
services in Tunisia  date  from 1999, These

services — primarily between hospitals in Tunis (Institat;

Pasteur, Hépital de Dnfance) and Nice

skahc images. Other smuhr |Lkp4rho]ogv projetts wc
developed {e.g., between the Farhat Hached ikl
in Sousse, Tunisia and several French cancer
which utilized videoconferencing stations for rea
presentation of cases. This was the first appearance o
non-static telepathology methods in Africa "

The year 2000 was momentous for telepathology
in Africa. In Madagascar, the Pathologists Overseas
laboratory adapted a commodity digital camera for
use with a microscope, pairing it via Universal Serial
Bus to a computer for rapid transmission of static
photomicrographs over the Internet." In August of that
vear, Dr. Agostino Faravelli of Associazione Patologi Oltre
Frontiera (APOF) travelled with a microscope and a
digital camera to Mwanza, Tanzania, where he enabled
static telemicroscopy by E-mailing digital photographs as
E-mail attachments to colleagues in various institutions
in Italy APOF subsequently established a local presence
in Mwanza, which continued peri ation  with

for telepathology gained traction during this
vear, bemg extensively used by the Eastern Cape Province
Department  of Health iv South Africa™ and the
Réscau Afrique Francophone de Télémédecine (RAFT)
project (organized by the Geneva University Hospitals)
in developing countries in Western Africa. Both of
these pathology education projects delivered interactive
courses and the ability for tele-consultation utilizing «
single commeon infrastructure. The RAFT project was
particularly successful, extending to 17 African countries
(Mali [200)], Mauritania [2002], Morocco [2003},
Burkina Faso [2004], Scngal [2004], Tunisia [2004],
Cameroon  [2005], Tvory Coast [2005], Madagascar
12005], Niger [2006], Benin [2006], Burundi (2007},
Congo [2007], Algeria {2007}, Chad {2008], Guinca
{2008}, and Rwanda [2008]) as of the time of the writing
of this monograph.#-1"

2002, apart from reports about the success of the
long:unning live telemicroscopy  projects of  Fachat
Hospital in Tunisia, other hospitals in  this
h as the Aziza Othmana Hospital in Tunis also
on their telecytology and telehematopathology
4 Also in 2002, the Nkosi Albert Luthuli Central
tal in Durban, KwaZulu-Natal (South Africa) - the
irst hospital in Africa designed for truly paperless
operation — opened its doors, and has since been a
regional champion of enabling telemedicine  through
the use of radiology and pathology pictum archiving and
communication system {PACS}) systems 1171

Another two telepathology systems ~ both of which
have experienced enthusiastic growth to the present
day - were bomn in 2003, The first ~ a pilot project
between the Italian Hospital in Cairo, Egypt and the
Civico Hospital in Palermo, Italy — utilized both static
and video telepathology. This project has expanded to
neighboring countries in recent years and is expected
to continue operating into at least the near future ™
The second telepathology system was located w a more

dwidth-limited milicu: The Kijabe Hospital in Kenya.

telepathology methods over a 7-year period before it
closed in 2007.1" The use of static and live telemicroscopy
by these pathologists was discussed with a multinational
group of participants in a live online videoconference
hosted by the Regional Dermatology Training Centre in

)

Moshi, Northern Tanzania ¥

2001 marked  the
Advanced  Low-cost

startup  of the  Ceneric
trans-European  Network  Over

This latter system — which curently provides telepathology
services for over 50 mission hospitals throughout
Africa — utilizes a microscope camera attached to a
computer, permitting static photomicrographs ta be
F-mailed to international colleagues for consultation and
diagnosis confirmation. ™

2004 saw the advent of robotic microscopes integrating
rudimentary whole slide imaging (WSI) technology in
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INTRODUCTION

“If I have seen further, it is by standing on the shoulders
of giants.”

- Sir Isaac Newton

The history of pathology informatics is a tale with many
dimensions. At first glance, it is the familiar story of
individuals solving problems that arisc in their clinical
practice of medicine, Under the surface. however, lic
powerful forces ~ technical, regulatory, societal and
beyond ~ that have all played their part in molding our
discipline into what it is today. In this monograph, we
take — perhaps for the first time in the history of our
discipline - a truly global perspective of how the field of
pathology informatics has evolved. In doing so, several
large-scale trends are immediately obvious. For example,
the adveut of computers, the Internet and digital cameras
were major disruptive events that advanced the practice
of pathology in many countries. The prevalence of
different technologies in different regions was related to
both tangible factors (e.g., availability of trained staff and
aperational costs) and intangible factors (c.g., regulatory
concerns). Though paklmlog,v informatics was born in tl\
USA and F\m)pc it is now a truly global discipli
single country or continent can lay claim to beis
sole driver of our discipline’s destmy If we are t¢
stewards of our discipline, it is necessary for u
where we have been, not only so that we v
pioneers and discoverers their just recognition,
so that we can Jearm from the successes and fai
past decades.

The aim of this collective effort was to record the
histary of pathology informatics around the world.
Pathology informaticists with knowledge about the field,
representing virtually all of the continents, were asked to
share their experience, literature, publications, archived
documents and images, as well as their insights. Their
contributions have been collated and divided up in
this monograph by continent and presented below in
alphabetical order. While an attempt was made by the
authors to comprehensively capture all available detail,
we acknowledge that there may be voices and events that
were missed.

AFRICA

The history of pathology informatics in Africa is a story
of struggle ~ and in many cases, triumph - against an
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from war-torn areas in which they are arguably most
needed — worsened this shortage. As a result, pathology
services are often scarce and possibly below acceptable
standards, especially with regard to the availability of
cerfain laboratory tests (e.g, immunohistochemistry,
molecular studies) and  specimen  processing.  For
example, in 2007 Uganda had 18 pathologists serving a
population of 28 million, Tanzania had 15 pathologists
serving 2 population of 35 million, and Sudan had
51 pathologists (40 of whom work mostly in the capital
city of Khartoum} serving a population of 40 million. In
Zambia, there is only one pathologist, at the University
Teaching Hospital of Lusaka.!

1t should therefore, come as no surprise that (a) Africa
curtently represents perhaps the greatest unmet need
for pathology services in the woild and (b) pathology
informatics in Africa has historically focused most heavily
on telepathology applications {primarily with European
collaborators) to outsource their work and/or seek expert
consultation.™* This is especially true in countries like
Sudan and South Africa, which have more pathologists
as well as relatively advanced telecommunications and
Internet services, and as such were positioned Lo better
leverage multiple telepqtholcgy efforts with collaborators
ther countries, ™ A common there in Africa, as
s¢: case around the world, was the transformational
medicine that was realized as a result of the
n of computers, coupled to networking
gies like the Internet, into healthcare

‘pathology

1991, Heinz loenecke of the USA founded the
volunteer organization called Pathologists Overseas with
the express purpose of setting up and running pathology
Taboratories for resource-restricted nations in - Africa.
Emphasis was initially placed on providing pathology
services where the need was greatest and on training
local medical fessionals to become  pathologists.
Thereafter, when resources become available and technical
limitations were overcome, this organization cmbraced
telepathology in several African countries. ™

In France, a private company named Réseau
Internationale  de  Télémédecine (RESINTEL)  was
founded in 1992 at the University of Dijon to provide
telemedicine services ~ with a special emphas
telepathology ~ to geographically isolated arcas of
France. The telepathology system and international
telecomimunications network that it ereated ~ collectively
known as TRANSPATH ~ together provided a platform for

ahmost ¢ helming lack of inf ure and

Particularly in sub-Saharan Africa, there was, and still
rermaing, an extreme shortage of medical personnel,
including pathologists. Even when medical personnel
exist they are gencrally concentrated in the major
cities. The tendency for doctors to emigrate ~ especially

{Downloaded frae from hifpiwvw pathinformatics.org on Friday, May 09, 2014,
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Aftica. At the Allada Hospital in Benin, a Nikon Caolscope
was utilized in conjunction with a broadband Intemet
connection to send both digitized (scanned) slides and
digital static photomicrographs of selected regions of
interest on glass slides to collaborators in Milan, [taly.*
Later that year, another Nikon Coolscope was installed
aboard a non-governmental hospital ship initially based
in Cotorow, Benin, also for static and live telepathology
applications.  An  onboard satellite  communication
system provided Internet connectivity for this s
which is still in operation in its original configuration
today In that same year in Casablanca, Moroceo, a
telemedicine unit equipped with a satellite connection
and four ISDN lines was deployed. utilizing a microscope
with an attached digital camera for telepathology ™
Ethiopia also made large strides in telepathology in 2004,
Iaunchmg a project that connected 10 regional hospitals
in the country with the Tikur Anbessa Hospital and
the Faculty of Medicine of Addis Abeba University. In
the same timeframe, the “Ethiopia Pathology” group in
iPath was organized for the purpose of providing second
opinion consultations with pathologists fronr Switzedand
and Germany. Moreover, this work has improved access
to continuing education and training, raised the level of

access to care and drastically rcduced the waiting time::

and cost associated with long ~distance travel by P
for dngnos\s in that country.*

Mtendere Mission Hosp
leveraging preag\xshnw xatdli
Skype f(a 1P vid:

application) to allow APOR pathologists (living in Tealy]
to c'\sﬂy provide telepathology services. This systcm
remains popular in the present day, and has made the
Mtendere Mission Hospital the definitive regional hub for
pathology services within a 100 ki radius"' Also in 2005,
the Euro-Mediterrancan Internct-Satellite Platform for
Health, Medical Fducation and Rescarch (EMISPHER)
went live, providing real-time online telemedicine services
with high emphasis on network quality of service to most
of the countries in the Mediterrancan region, including
Morocco, Algeria, Tunisia, Egypt, Cyprus, Turkey, Greece,
Italy, France, and Germany EMISPHER integrates
satellite Internet counectivity known as MEDSKY (up
to 2 Mbps) and a custom real-time telemedicine and
telepathology application known as WinVicos. 1t still
remains popular, especially in geographicall
isolated regions  where traditional  wired
connections may not be possible.””

Intemet

The year 2006 marked the first appearance of modern WSI
scanners in Africa. During 2006, the Euro-Mediterranean
Network for Genetic Services (MedGeNet) ~ a European
Union  funded project — installed an  Aperio
ScanScope GI, at the Hospital Charles Nicolle in
Tunisia, and then used that WS scanner to successfully

static tel py that was origimally telephone-based,
but quickly moved to Integrated Services Digital Network
(ISDN} and satellite communication methods. By
1994, RESINTEL had signed contracts wil ith — and was
providing telepathology services for — hospitals in India,
the Middle East, Moroceo, and several countries in Africa.
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validate the first ever WSl-based telepathology scrvice
in the Mediterranean region.” One year later, in 2007,
APOF built on their already-successful efforts at the
Mtendere Mission Hospital in Chirundu, Zambia, with
the installation of an Aperio ScanScope CS. Digitized
whole slides were stored on a local File transfer protocal
server that was made accessible to Italian collaborators
via the pre-existing satellite Jnternet convection, which
had been substantially upgraded to provide sufficient
bandwidth to support the upload and download of
large WSI files. "' Two pathologists, located in Italy,
independently examined the scanned WSls remotely.

OF note, 2007 proved to be a landmark year for
telepathology throughout the rest of Africa as well. The
Africa Teledermatology  Project  (http/africatelederm.
org/} ~ which provides dermatology support to lacal
providers throughout Alrica (Uganda, Botswana, Malay
Swaziland, Burkina Faso, and Lesotho) ~ began operations
during this year, utilizing a platform (iclederm.org) that
was initially only capable of static digital gross photographs
and photomicrographs. The main limitations at this time
were the number and quality of images available to the
remote consultant and their reliance on the referring
rovider, who usually lacked dermatopathology training,
provide representative photomicrographs.®” In May
: histology laboratory was created at St. Joseph's
ospital Peramiho in Tanzania, but without a
icing patholngwt iPath was therefurc usc(]

the “Kuluva Hospital in the Arura district of north\vest
Uganda, a microscope cyepicce mounted Motic camera
was utilized in conjunction with a laptop to E-mail static
digital photomicrographs to a pathologist in Kampala,
Uganda.f Fivally in 2007, at the Kahuzi-Biéga
National Park in the eastern Democratic Republic of the
Cango, the Centre de Recherches de Sciences Naturelles,
with the collaboration of the Spanish govermment, started
a human and veterinary telepathology service utilizing a
satellite Internet connection. ™

In March of 2008, a pilot telepathology service known as
Remote Aceess for Health Professionals was established
with the objective of promoting evidence-based
medicine in developing countries. An  asynchronous
static telepathology program was created in collaboration
between four hospitals throughout Tanzania and Kenya
and the Massachusetts General Hospital {(MGH) {Boston,
MA, USA) to provide dermatopathology consultation
to local pathologists, using skin histopathology images
captured by microscope-mounted  digital  cameras
in conjunction with iPath. The authors of this work
identified limitations with static telepathology that could
as they posited, be overcome with increased training. ™
Later in 2008, an initiative in Ghana to use microscopes
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with attached digital cameras to allow quick consultations
failed due to the Jack of adequate bandwidth, as well as
the high cost of the required equipment.® Finally in 2008,
the Indian government initiated a project known as the
Pan African e-Network (http://www.panafricanenctwork
com/). The objective of thm project was to pmvxde
tele-education and tel i serviees (i

all necessary medical and cornputer equipment) to 53
remote hospitals in Africa via satellite (International
Telecommunications Satellite Organization (INTELSAT),
European Telecommunications  Satellite  Organization
(EUTELSAT), Regional African Satellite Communication
Organization (RASCOM)) and fiber optic links to
12 super-specialty hospitals in India'

ne

In 2009, the French association Pathology, Cytologie,
Développement  (PCD}  installed 2 telepathology
service in Brazzaville, Congo, with the cooperation of
the Francophone Digital University™ Also in 2009,
a Zeiss Mirax Live RT systern - a combination robotic
microscope and WSI scanner — was installed in the
National Health Labaratoty in Gaborone, Botswana as
part of the Africa Teledermatology Project.™™

More recent telepathology events in Africa date to 2010.
In this year, static tdcpdfhologv was applied to va 5
cytology at the APOF projects in Zambia, Madaga
and Tanzania for quality control purposes.
during this vear, the French branch of Alliance
Contre le Cancer, Intematioral Network for
Treatment and Rescarch [’mgmma began devels
of a telepathology network n sub-Saharan Ak
diagnostic, pedagogic, and research purposes, in#
for lymphomas (which bas now been expanded to
broad range of diseases). Partners in this endeavor were
the French National Cancer Institute INCa, the PCD
Association, and the Groupe Franco-Africain d’Oncologic
Pediatrique. Pilot centers for telepathology have been
established in the Kenyatta National Hospital in Nairobi,
Kenya, in Dar-es- Salaam, Tanz: ma and in Jle-Tfe, Nigeria,
wnth the following objective:

Online consultations, using iPath, for

ond
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I il

on Fricay, May 09, 2014, IP: 202.244.188.116] || Ciick nere to downiaad fres Android application for this jour jis

pulfervepathi ics.org 177

re-named  Walter  Sisulu University).  This  allowed
pathologists to develop a database using the DataFase
software package, which allowed for limited statistical
computations to take place. These statistics were used
for cancer registries and research. The first computers
networked to the Infemet were installed at Mthatha
General Hospital's pathology laboratory by the health
systems trust project (funded by the Hemry J. Keyser
Foundation, LISA) in 1995. These computers - connected
to the Intemet via analog modems over ordinary telephone
lines with the central dial-in node set in Durban, South
Africa — were primarily used for sending and recciving
E-mail. E-mail attachments were used to  transmit
histology images and pathology reports (both anatomic
and clinical). Health workers from rural hospitals and
clinics around this region of South Africa were able to
thereby receive their lab results via E-mail. This dial-up
system would see enthusiastic uptake and active use
until 1998, at which point it was replaced by a web-based
information site with online discussion groups (http:/
wwiwhealthlink org.za/).

Later in 1995, these computers — now with dedicated
modem-based links bebween the Department of Pathology
the University of Transkei and the Department of
sitomic Pathology of the Medical University of Southern
were used to send still fmages (microscopy,

phy (CT5), ult ds) to
,Aﬂ]ol()g) Services of the Armed Forces Institute
ogy (AFIP) in Washington DC, USA, via the
. At first, only static photomicrographs were
ter; radiology and dermatology images were sent
with the photomicrographs {Figure 1. Initially, all
files were compressed for send-out using the program
ISSA (Med Tech, Zagreb), which was installed at both
Mthatha General Hospital and the AFIP Later on, the
AFIP introduced a more user-friendly web-based online
attachment system for further case of use. It should
be noted that all cameras used in this project at this
time were analog and as such scanning/digitization was

sign-out

* Ounline  support  to
techniques

*  Online case discussion and lectures

»  Support for preparation of publications

improve  histologic/cytologic

Finally in 2010, phasc one of the Pan African e-Network
went live in 29 African countries '

Telepathology in South Africa
Computers with various applications, some of them
specifically designed to support laboratory opeeations, we
increasingly introduced into many pmtlwk\gv laboratories

around South Africa. For cxarnple, in the pathol
laboratory of Mthatha General Fospital, these compuicrs
were originally supplied by the University of Transkei {now
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Unlike other areas of the world such as the USA where
computing hardware and software is relatively cheap and
ubiquitous, in Africa these resources are comparatively
scarce (limited vendors) and more expensive. Hence, in
this kind of environment, software platforms that are free
and that can run efficiently on older hardware ~ iPath
being one example — can fourish. As such, open source
software has made significant inroads in Africa; this trend
is likely to continue in the future. !

Laboratory Information Systems (LISs)

As scction: Telepathology in South Africa indicates,
in South Africa, all pathology reports from the NHLS
are managed and stored i a cential system © Several
international data management companies (e.g., Afrosoft
International, MEDITECH) also matket pathology-centric
software packages {e.g., Afrosoft VeriLIMS, MEDITECH
LIS) in South Africa.

Many of the LIS installations in sub-Saharan African
countries are international projects (usually executed with
the help of interational non-governmental organizations
such as Baobab Health), and are mainly focused on
tracking, diagnosing, and defeating common infectious
diseases {e.g., AIDS, malaria). This is the case for the
Pan-African e-Network, " and for collaboration betywe
the University of North Carolina at Chapel Hill
Malawi Ministry of Health to install a LIS in Ma]

care hospitals, and LISs are not usually a
Consequently, most pathology reports are still
paper-based. "

Teaching and Continuing Medical Education
(CME)

Medical informatics has been included as a standard part
of the undergraduate medical education program in South
Africa since 198441 It has kept abreast of technologic
innovations, utilizing resources from the country’s
nationwide telemedicine project and technologies such
as WSI scanners as they have become available ™ In
recent years, for instance, telepathology platforms like
iPath have been used to facilitate problem-based learning
at the University of Transkei/Walter Sisulu University.
Since 1992, an annual health informatics workshop for
various categories of healthcare providers has been held
by the Teaching Hospitals Complex and the Computer
Sciences Department of Obafemi Awolowe University
in Nigeria. This workshop has been a great success, with
attendance increasing each year. Workshops like this have
been proposed as a model for health informatics training
in low-resource countries. ™

A study at the University of Natal Medical School in
South Africa was published in 1996. This study divided
students in a histology course into two groups: One was
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Figure 1: The telepathalogy project between the Armed Forces
tnstitute of Pathology (left) and Mthatha General Hospital (right)
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given access to a computer aided instruction package
along with standard microscopic learning, and the other
was not. Members of the former group spent less time
in the regular microscopy lab and showed a slight greater
improvement in knowledge relative to students in the
latter group.™ Africa Calls is an annual series of audio
teleconferences established by Dr. David Kaminsky in
the USA, after he visited South Africa in 1997, with the
support of the Annenberg Center for Health Sciences.
Since 1999, audio teleconferences broadeast to centers
in Botswana, Ghana, Namibia, Nigeria, South Africa,
Sudan, Swaziland, Tanzania, Uganda, and Zimbabwe have
formed the basis for customized educational programs
in cytopathology, including informatics. These programs
have been supplemented with downloadable leaming
material (e.g, PowerPoint slide decks) and other relevant
educational material 2*! Finally, the first histopathology
course in the history of Bulawayo, Zimbabwe was
implemented in 2009. This course utilized materials from
the local hospital libraries, the Intemet, and local clinicians.
Response to the inaugural course was enthusiastic, and the
course gains more participants every vear it is offered. ™

Image Analysis

mage analysis papers that stem from Africa are rare.
single example could be found. In 1994, the
Pasteur de  Madagascar in  Antananarivo,
ar, studied the in-situ cellular immune response
piated fibrosis in mucocutancous leishmania
i iliensis utilizing image

Canada and The United States of America
Canada
University and Government Infrastructure

The first few decades of pathology informaties
Canada were dominated by three influential National
Health Informatics Organizations, The oldest of these
is the Canadian C ization for the Ad of
Computers in Health (COACH). This member-supported
organization was founded in 1975 and currently boasts
over 1,500 members. As its name suggests, COACH has
primarily focused on the use of computer technology
in healthcare as well as the effective use of health
information for decision-making. COACH holds national
conferences and offers a professional certification in
health informatic: The second historically significant
Canadian organization is the Canadian Institute for
Health Information (CIHI). CIHI was founded in 1994
by federal, provincial and territorial governments as a
not-for-profit corporation with a mandate that included
setting  national  standards for health information
technology and collecting, processing, and maintaining
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necessary as an intermediatc step before the images were
sent along to the AFIE This project would eventually
extend into a larger initiative to connect smaller remote
hospitals in South Africa and te similady provide
them with remote pathology, cytology, and hematology

consultation 5

The National .Committee on Telemedicine and
Tele-education was formed in 1998; this committee

developed a Natiomal Telemedicine  Strategic  Plan
that included several telepathology projects under its
umbrella, Phase 1 of the National Telemedicine Strategic
Plan was implemented between March 1999 and
5 ber 2000, establishing 28 telemedicine sites in
six of the nine provinces of South Africa. Modem-based
connectivity was replaced with ISDN (256 kbps) lines,
which provided sufficient bandwidth for real-time video
conferencing, teleradiology, and telepathology {Figure 2].
Unfortunately, becanse there was toitially relatively low
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Africa, and other developing countries ~ and achieved
over 18,000 consultations over the next 4 years.
Discussion groups included topics about HIV/AIDS
treatient, renal pathology, dermatology, and other topics.
This system ~ which is still in operation today ~ is now
also used to support problem-based e-learning for the
medical students at Walter Sisulu University by digitizing
exhibits (Xerays, lab results, etc.) and presenting them
online. 4 2001 is also significant as it was the year that
the National Health Laboratory Service {NHLS) was
formed in South Africa, with the purpose of incorporating
and clectronically connecting all the state laboratories
around the country (http//wwwnhls.ac.za’). All results
from these lab are now p ized, stored
in a central system, and made electronically available to
practitioners around the country. ¥

A mobile
the South

pathology laboratory was designed by
African national Defence Foree in 2004,

usage of this telemedicine system by pathol the
software packages used were optimized for teleradiology,
not telepathology. As such, the telepathology portions of
this system would later migrate to the iPath platform (see
section: Data Management Platforms;

In 1999, a teledermatology project was initiated in P
St. Johns, South Africa, with the aim of improvingaccess
to dermatologic care for patients and for the edu
family practitioners. In 2002, this project also mi
the iPath platform. By 2003, this project was connectes
to a telemedicine network run by the Telemedi
of the University of Transkei in Umtata i/

In 2001, as part of an e-health learning initiative,
Free State Department of Health in South Africa set
up an interactive satellite broadcasting system that
was offered to 40 health and training venues. This
initiative extensively utilized {Path for telepathology
purposes — with a link between Switzerland, South

Figure 2:The South African Telemedicine System at St. Efizabsth
Hospital, Lusikisiki
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health related databases and  registries.™ The third
organization, Canada Health Infoway, is a federally
funded corporation created by the Premiers of Canada’s
provinces in 2001. Since its creation, this organization has
been a primary driver of health informatics in Canada,
providing partial funding for numerous informatics
related initiatives. Although the primary goal of the
Canada Health Infoway is to accelerate the development
of electronic health records {EHR) across Canada, five of
the 193 projects it has funded up to 2011 have focused
on LISs% Additionally, the Alberts Netcare portal
represents a significant milestone in Canadian pathology
informatics. Created in 2003, Neteare is a repository for
essentially all laboratory data generated in the province
of Alberta as well as for radiology, clinic notes, allergies
and medication information. A sccurc login is available
to healthcare providers in the provinee.™ More recently,
the province of Saskatchewan implemented a similar
database, called the eHealth Portal.®* In the province of
British Columbia patients can directly aceess their own
laboratory test results through a secure website called
MyeHealth 1 The province of Alberta has a similar
website, part of their myHealth web service, in the
planning stages.™

LISs

Despite the influence of these organizations;
laboratories in Canada were slow to adopt L
first generation systems began to appear in (
hospitals in the 1980's, but some anatomic
services in smatler communities still relied on typé
and carbon paper as late as 2005. With the exceptior
large home-grown LIS in Ontario, Canadian Laboratorie
have tended to adopt the best North American LIS.
Meditech has installations in a number of provinces
including British Columbia, Alberta, Ontario and Nova
Seotia and is particularly popular in rural and community
hospital settings. Cerner has LIS installations in several
major Canadian population centers and  academic
teaching centers as does Sunquest, Sysmex has a large
installation in the province of Manitoba. Like the
United States, analyzer-LIS interfaces are a mixture of
homegrown solutions and vender-supplies middleware.
However, increasingly laboratories are moving toward
commercial/vender-supplied software to fill this need.
Overall, the relatively slow uptake of
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quipped with a t rolled Zeiss microscope
that could be manipulated via satellite or landline.
Operation of this Zeiss microscope is still supported
by a dedicated technologist.* By 2008, three Nikon
Coolscopes had been installed in NHLS laboratories
in_the cities Mthatha, East London, and Port Elisabeth
&,ﬁconntctcd via local area network (LAN), allowing
note, control of the microscopes from any pcrsoml
PC) on the NHLS network. These laboratories
by a small number of pathologists, without
6 full immunohistochemical studies for some
athology cases, which oceasionally makes final
ross “difficult. This system of Coolscopes is mostly
spported by the pathologists located at Stellenbasch
University i Cape Town ~ where it is mostly employed
for dermatopathology and oral pathology cases. In 2008,
a Zeiss Mirax WSI scanner was installed at the NHLS
branch of Mthatha, which is currently utilized primarily
for teaching purposes.’™

Data Management Platforms
A clinical and research database was used in 1997
to standardize HIV studies in South Alfrica. This
database utilized the systematized nomenclature of
medicime (SNOMED) as its ceding system and had both
client-server and wide area network (WAN) mappings.
This system is significant for being the first medical data
management system reported in the African medlca]
literature.* The pl and  widespr
success of iPath servers in Africa. as described in section:
Telepathology  (Africa} above, provided a powerful
platform to manage pathology data in Africa for several
reasons:

Ease of use
*+  Built atop a LAMP stack using standard, open-source

technologies

Inexpensive (essentially provided for free)
*  Minimal hardware requirements
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pathology. In 2012, the non-profit group Canadian
Partnership agaiust Cancer ‘with the support of the
Canmadian  Association of Pathologists launched an
initiative to implement synoptic reporting across Canada
by 2017.

ThL second area of interest is in using the LIS to assist in

o tests Predictably, in
light of its publically funded health care system, Canada
has a long history of interest in- utilization management,
dating back to 1965.5% Historically, interest in using the
LIS to aid in utilization management has been centered
at the University of Ottawa, % ‘and the University of
Edmonton®™ as well as other. centers. % ‘In "015 the
Alberta blished iric
utilization office with the intent of usmg LIS systems in
the province to support utilization management initiatives.

Education and Training Opportunities

In academic circles, it is only in the past several years
that pathology informatics has begun to have a voice in
Canada independent of health informatics in general.
In July 2009, the Canadian Association of Pathologists
added a Special Interest Group in Pathology Informatics.
This group has been chaired alternately by Dr. C. Naugler
he University of Calgary and Dr. G. Yousef from
versity of Toronto. This group presents a series
alks each year at the Canadian Association
gists Annual Scientific Meeting. In 2010,
versity of Calgary became the first Canadian
n to offer an official pathology informatics
ing experience opportunity when it launched a
ironth pathology informatics elective open to laboratory
medicine residents. In 2011, the University of Toronto
launched a virtual rotation in pathology informatics for
the anatomical pathology residents. Currently, academic
pathology informatics is centered in three Canadian
university departments (Dalhousie University, University
of Toronto and the University of Calgary), all of which
have academic pathology informatics faculty. However, as
of 2013, there are no pathology informatics fellowships
available in Canada. A number of other universities
have very strong research and teaching programs in
bioinformatics including  the University of British
Columbia and Dalhousic University.

Tolesathol

in Canadian laboratories may be seen as a reflection of
the generally slow adoption of computer technology by
Canadian physicians in general. Even in 2012, many
primary care physician offices do not use computers at
all, much less clectronic medical records.

The geography of Canada with cities scparated by
vast distances suggests that telepathology may have a
particularly promising future i this country. Despite
this, Canada has been relatively slow to embrace
telepathology, with the University Health Network in

In recent years, there has been an interest in
the functionality of LIS systems to support additional
aperational and research objectives. A major area of
interest in this regard is synoptic reporting for anatomic

Toronto establishing the first op 1 systern in 2010,
This system links several remote northern hospitals to
subspecialist  pathology support at  University Health
Network hospitals.™ Tt is likely that this model will be
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repeated in a number of geographically isolated regions  arca of study within pathology informatics is discussed
in the coming years. Indeed, the necessary infrastructure separately where possible, allowing for the fact that some
is gradually accumulating, with whole slide imagers now  of these categories have overlap.
in routine use for teaching at a number of academic . n . .
pathology departments. In hematopathology, several large Pathology Informatics as a Term and a Medical Subspecialty
scale installations of the CellaVision system are in use in Informatics, including pathology informatics, in the USA
Nova Scotia, Ontario and Alberta. began in the carly 1950%s. The word “Informatik” was first
In 2011, Genesal clectric (GE) Healtheare opened its coined in'a German publication and likely arose from a
Pathology Innovation Centre of Excellence as part of ~ combination of “information” and the suffix “-atics
the Toronto MaR$ Discovery District of technology ~ Whichis derived from Greek and means “the science of 7.7
companies. The facility includes a digital laboratory to This was s.hortly fO?lo‘fed by use of “informatique” by the
facilitate - training, rescarch and development on the  Irench, informatika” (1t opywaTuwia) by
Omnyx Integrated Digital Pathology platform. the Russians, and finally “informatics” in English-speaking
The United § Amer countries including the USA® Subsequently, the
,n.' ]',”t"’ ';?“‘Sf ; "'"."? " il in e st definitions of medical informatics as a clinical and

; oy ~ especia . N ! ;
s history of pathology nformaties — espectally I 10¢ - oceqrel medical subspecialty appeared in the Joumal of
USA — resembles a train station from which multiple N N (- o
: ; the American Medical Association (JAMA}FY
tracks have emerged and intermittently crossed paths.
Historical events are presented chronologically in  During the same year that clinical infonmatics was
Figure 3. However, for case of reading, the history of each introduced to the medical literature (1990), Dr. Bruce
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sdusatianpeograe o dlinkatises npshetagy 54 g el onganiionis 3¢ frurched. Fist
sattlagss. rosciay 1 40 0 soed
1976 sONED fst resiesia pablihed, LantndnTacn Sumeith
1964 UG st et publaiied. 95 aolegy nformatin
dsribed B I8MA FissX qeiing 2urgical Earty 1380s: First of Patiiology sroprsas  ehwsanue for g,
prvplogesyem i MM syaniond 3 szeclivin st g
1965 Sypteeaiized OaUSAvechins  Inforties fomaticstathe  analysizof 2084 Gt
Puthongypnteed  teMssattunty  salable, MedaSgolies,  cucerpunkers, 17 offst SINS
Genneh Horpitat Ty Subspoy. Fast ¢
2963 Nationad AR HRANG. 1930IONC polsctis  Wosking Groip, ooz
Comminenforiokel  AVmercondond meating. ey oy
\eborany Sardards | Commbsions 2008 #3x o s
> sies e b : WBBALAT  LabieloTeoh S, hekd b Datton, M8,
patkologic diagnavy Banking Astomiation  daunched latoatery  devaloped. St AP owates mivie
Germmtnate, sezmisiends i ctlog el HECLS .
Dhosion GHBACC  stamtesthe drer sathinlogy
togm Comisittes o inlosmaics.
prodess tinds, Ao
I FARGIY ot ACCMibY o ldmcetary 26 fos Pothatogy s
stndted axtionst s otprstion & 4
sewisay in gt i P 2 i
ety T ot
sk nar e, 1986 s 00t WK formed
19229950, seiepatiolos with sVt 2003 Dt
ulcation, YAG  omation ot Pedalogy Rasheistion
rviheuRATthG  Therainy 35 -
N feeatvior  Anatomis Satholagy
b as oy
edos) nfornation
e, 67128
1
buosodvadsd
agorcvid Toc bhling:
Fossaas travfuwon
s g
208 s ok 2n
sathoiogy intunnatics
bl
Figure 3: Major events in the history of pathology informatics in the USA
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Figure 4:The CLAS-300. Top left: CLAS-300 with central alpha-
numeric display keyboard and three remate universal data entry
terminals. Top right: data entry on the CLAS-300 (note the
farge size of the computer components, as well as the magnetic
tape-based storage). Bottom left: the CLAS-300% line printer; this
particular model, which featured a speed of 300 lines per minute,
was considered an incredibly fast printer by [970's standards.
Bottom right: the CLAS-300's central input station; though a large

1966, widespread use did not become reality until the
mid-1970s. Again, Iaboratories seemed to be ahead
of their medical counterparts in the adoption of new
technologies into healtheare. Dr. Atthwr Rappoport
implemented many creative uses of barcodes in his
laboratory in the 1960°s and 1970’s. While many clinical
applications did not utilize barcodes until the 1990s,
transfusion medicine made far earlier calls for the use of
barcodes for tlar\sfused pmducts In 1977, The Amcncm
Blood Cs ’s C for C in
Blood Banking Automation recommended the adoption
of Codabar barcodes for bload product labels. The use
of Codabar on blood products was mandated by the
United States Food and Drug Administration (FDA) in
1985. In 1994, a new barcode system based on Code 128
symbology was approved by the Intemational Society
for Blood Transfusion called ISBT 128 ISBT 128
has been very slowly adopted over the last 17 years as
transfusion laboratories are only just now being required
to comply with this new standard. By the early 1980,
many laboratery instruments acccptsd barcode-labeled
tubes, and laboratories took advantage of

Y

Atdumb”

red it, P with

the first online surgical pathology informatio
was implemented in 1976 and served as the i
for " successive generations of anatomical
systems, including Surepath (1978, Tufts), an
CoPath (descendants of CoPath remain mark
today) kaew*lse, the structured iexma] data u5E:
i proved challenging to i . bul
model created by Pecbles and Ryan in 1979 wntmun
to be a crucial componcnt of [hc Sunqucst Ll\ Unhl
in

this capability for more rapid, accurate specimen
identification as well as automation.

icmnge of data over network lines came later. Health
HIL7) was formed in 1987 to provide standards
gmumcntlon of health information between
*sysh:ms thereby improving the efficiency of
implementation and accuracy of data transfer,
srmation of several working groups including
Tiboratory,-anatomic pathology and genomics took place
i the . years that followed. In 1997, an organization
called I the Healt! Entery (IHE) was
formed with sul formation of lak and

the late 1980,

hology working groups. The overall goal

and other ancillary care areas such as the pharmacy
and radiology continued to progress, but most hospital
information systems (HIS) were focused on capturing
charges rather than the delivery of patient care. By
contrast, automation, with its concomitant reduction
in cost per test, furthered the laboratory’s strength as a
revenue center for the hospital.t+!

Automated Capture and Exchange of Laboratory Data

P

of HHE is to promaote the coordinated use of established
standards such as HL7 to address specific clinical needs
in support of optimal patient care. Just prior to this in
1996, recognition of the importance of automation in
the dlinical setting increased as the National Committee
for Clinical Laboratorv Standards {(NCCLS) formed an
Area Commnittee on Automation to provide additional
technical standards for all aspects of laboratory automated
data exchange and workflow including barcoding, interface

le ion and robotic lines that move specimens

Laboratories enabled with I v quickly
realized the need to automate transfer of data from the
specimen to the instrument to the LIS, and later to
the EHR. One of the first aspects of such automated
data transfer was realized in the use of barcodes.
Concomitantly with the bith of the term informatics
and the use of computers in the laboratory, Bernard
Silver and Joseph Woodland of Drexel University were
granted the first barcoding technology patent in 1952,
Adoption of barcodes was initially slow. While the first
use of carly barcades in the commercial seiting was in

between different instroments for testing. "% In 2005, the
NCCLS changed its name to the Clinical and Laboratory
Standards Institute (CLSI), to which it is now refered.

Additional discoveries by pathology informaticists furthered
automation in several areas. Development of a single system
to clectronically collect, analyze and manage point-of-care
testing data across devices from multiple vendors can
be attributed to pathology informatics,™ and pathology
informatics often still leads the way in the implementation
of Lean, six sigma, and automation systeras for laboratorics,

J Puzhol Infore T3, 17

Yncdman is first credited with usmg the tcrm “pathology

" while cating  for
the development of scparate dmsmm of pathology
informatics within pathology departments. He described
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interest in a board-certifiable subspecialty in clinical
informatics spurted the publication of several papers
deseribing criteria for a fellowship in clinical informatics
in the Journal of the American Medical Informatics
A

the key benefits of having such a division, which included:
(i) evhanced produmvlty and efficiency in 1pp]xcahxm
develop (ii) better ol
information with oversight by informaticists {dlso called
informaticians), (iii) increased departmental puhtlcal
power, and (iv) i | and i

among departmental leaders in information technologv &
These Advanhges u)nhnuc to be true today. Informatics
asa hol

v within gy was further
championed by others who declared that pathology
informaticists should play a key role in defining, sclecting
and implemrntinz all information systers in a pathology
department, in addition to being involved in information
systems planning for a healtheare enterprise. ™

Recognition of informatics as a bona fide academic
medical subspecialty lagged behind actual practice
of informatics (information management) for a time,
despite the above efforts. Lack of reimbursement for
clinical informatics service likely contributed to limited
publication options and research funding as well as
recognition  from  peers. 7 Similarly, clinical
outpatient offices and clinics still relied heavily,
entirely, on paper secords, including printouts of |
results and reports. This was probably related,
1l\c fact that hospitals were spending an avera,
% of their budget on information systems.’ ‘H}
as federal legislation  surrounding  cost  accol
delivery of healthcare and quality laboratory practices
began to increase in the late 19805, including but not
timited to the Clinical Laboratory lmpmvcmenh Act of
1988, more attention was paid to the use of computer
systems in healthcare as a whole. Compounded by the
promulgation of PCs with graphical user interfaces and
the advent of interfaced communications {(vide infra},
the use of computers in the hospital selting began to
skyrocket. As human-computer interactions in medicine
bcgan a sharp ascent, thc nch for physmmns to act as
medical i ) was more
widely accepted. ™t

In 1992, the American Board of Pathology (ABP) sent a
letter of intent to create an informatics subspecialty to
the American Board of Medical Specialties {ABMS).
Subsequently, a five-member informaties test commitiee
was convened to write questions for the examination.
This " effort was unsuccessful *at “that time for two

M4 In September of 2011, the ABMS
announced its approval of clinical informatics as a
board-certifiable medial subspecialty. The application
was brought forth by the American Board of Preventive
Medicine with co-sponsorship by the ABR This board
examination breaks new ground because, unlike most
other board examinations which are only open to a few
medical specialties, any qualified candidate with primary
certification in any ABMS primary specialty may sit for
the clinical informatics board examination. Currently,
the first examination is anticipated to take place in the
fall of 2013. This will hopefully spawn more fellowships
in clinical informatics that accredited by the American
Council on Graduate Medical Education, At present,
however, practicing pathologists may still sit for this
board exam under the by-experience pathway, at least for
the first five years that the board examination is available.

Use of Computers in Laboratories

Shortly after informatics was defined as a term in the
arly 1950's, the earliest evidence of data processing in the
¢l laboratory was reported. Dr. Arthur E. Rappoport
téd his experience with the “McBee manual
ird for laboratory data” at the 1952 meeting of
fican Society for Clinical Pathology (ASCP)'"’
the nest decade, a number of events took phce
i 1 the need for i
e laboratory space. At the 1962 meeting of the ASCP
Dr. Rappoport demaonstrated the use of [BM punch card
systems in the laboratory.™ In 1964, JAMA published
the first article describing a Jaboratory computer
system. This system, called the Laboratory Instrument
Computer, was developed by the Massachusetts Institute
of Te(.hnologv“‘*” Several other ecarly publications in
the field, including a were ibuted by
Dr. Donald Lindberg 7!

By the 1970’s, computer systems were in widespread
use in clinical laboratories.™ Figure 4 illustrates the
Spear CLAS-300, an early LIS from circa 1971, The first
commercially supported LIS, from a vendor which still
today provides such laboratory systems, was implementied
at Cape Cod Hospital in 1972 by Meditech. The
quantitative nature (i.c., numerical data) of clinical
laboratory results and the necessity of performing
repetitive calculations helped incentivize laboratories to

reasons. Much of informatics involves medical knowledg

and complex mamgendl skills which are difficult to
adequately represent in written questions. with multiple
choice answers, and questions on technical topics
were cousidered insufficient for a clinical jnformatics
board exam.”™ However, begiuning in 2009, renewed
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resulting in workflow efficiencies and  improvements
in patient safety™” Similarly, automated reporting of
critical laboratory values with streamlined tracking of
communication hand-offs have been generated through the

g

work of pathology informatics.”
Ontologies, Terminologies end Coding Systems

Shortly after the advent of computer technology in the
laboratory, the College of American Pathologists (CAP)
recognized the need to define an ontology surrounding
pathology concepts. The systematized nomenclature of
pathology (SNOP) was published by the CAP Cq
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ize their These aspects of clinical
lnbontm‘v data also facilitated automation more quickly
than in anatomic pathology laboratories and  other
areas of healthcare. The first laboratory audio response
system ~ DIVOTS — was developed by Dr. Rappoport at
the Youngstown Hospital Association in 1975, CAPER,
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in 1994890 LOINC facilitates the exchange and pooling
of results for clinical care, outcomes management, and
research and may be used in conjunction with HL7 to
ensure correct mapping of test results within a database.
Current  draft proposals for the Health Insurance
Portability and Accountability Act™ clectronic claim
attachment standards are based on LOINC codes.!™
Also, the ability to send and receive laboratory results
encoded with LOINC codes are an important part of
the meaningful use regulations now being implemented
by the US Office of the National Coordinator for Health
1 Technol

on Nomenclature and Classification under the due«_hon
of Dr Arthur Walls in 1965, Under the long-term
leadership of Dr. Roger Cote, SNOP evolved into the
SNOMED. The first edition of SNOMED was published
in 1976, the 2% edition in 1979, 3¢ (intemational)
edition in 1998, Reference Terminology in 2002 (when
Dr. Kent Spackman took up the baton), then following
a merger with the British nomenclature Read codes,
SNOMED-Clinical Terminology was published in 2004,
The CAP with perfect foresight funded and supported
the development of SNOMED for almost 30 years. Since
then, SNOMED has transitioned to a truly international
code, now co-sponsored and funded by 18 countri

is now owned and licensed by the International Heslth
i Organiz
1t is anticipated that the interaational classifig:
discases, 11" revision will be based on b\JOME
rewarding to witness how a pathology-inspired tert
initiative has become the world-wide standa;
standardized and structured medical terminology.

s
SNOMED-CT  today is the most comprehensive,
multilingual clinical healtheare terminology in the world.
Dr. Donald Lindberg, a pathologist and informaticist who
has been the long-term head of the National Library of
Medicine (NLM) started another i project

LIS Vendors

The use of LISs in USA laboratories has depended almost
entirely on supply of such software by commercial vendors
who install and support these systems. There have been
isolated instances of home-grown/self-developed software
being used in hospital laboratories, but there have been
probably fewer than two dozen long-term survivors. On the
other hand, loug-term installations of vendor-supported
systems have numbered in the thousands.

The history of the LIS is replete with many instances of
dors cither going out of business or being absorbed
uired by other eatities. Interestingly, it has been
Taiger, ncn»hboratorv specific companies that have
 shortest “lifetimes” as LIS providers. Exarples
;ﬁwcneml Electric, h\{cnmhtm ] Bucnuss Machines,
H , Beckman,
v, and Control Data Corp()rahnn dm()ng others.
rast, the smaller, laboratory-dedicated  firms
xperienced longer lifetimes, and although often acquired,
their LISs were usually continued in use. The USA firm
with the longest longevity in the LIS domain is Meditech
who installed its fiest LIS in 1972, and is today still one
of the market dominant vendors. Other firms with long,
histories as LIS providers include Mckesson,

called the unified medical language system in 1986 to
facilitate the creation of more effective and interoperable
biomedical information systems and scmccs, including
EHRs./ i y of d data exch

grew, so did the scope of that exchange. Laboratories
that once only used such technology for transfer of
data between the test instrument and the LIS began
to expand into the transfer of data between different
laboratories. They quickly realized that gaps in the HL?
standard led to challenges associated with transferring
test_ results for the same analyte, but with different
methods and reference ranges. Rather than, continue
with depend on idiosy ic test codes developed in
cach laboratory independently, the Regenstrief Institute
at Indiana Univessity, in cooperation with laboratorians
from Utah and the USA and Canada developed a
standard coding system for tests and their methods called
logical observation identifics names and codes (LOINC)

Sunquest (Misys), Cemer (PGI}, Computer Programs
and Systems Incorporated, Diamond Computing, Comp
Pro Med, Psyche (SAC), and Soft Computer Consultants.
OF 64 LIS firms in business in 1988, only 15 remain in
business today. Over the years, despite competition for
a dwindling number of potential customers, new fitms
have entered the market. As of 2011, 33 companies offer
complete LIS solutions. Figure 5 offers a reasonably
complete timeline of LIS vendors serving the US market
from the late 1960's to the present.

Digital Pathology, Telepathology and lmage Analysis

The use of digital images in pathology was a latecomer
to the pathology informatics scene. In 1968, analog
video-based  telepathology was first demonstrated
by Ronald Weinstein and colleagues in Boston via a
link between Logan International Airport and MGH
[Figures 6 and 7). This showcased the potential
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Figure 5: A dmeli

ital Equipment Corporation; DHT = Dynamic
HBOC = Huff, Barrington and Owens; IDX = IDX Systers

sAC= SystemAnnlysts Corporation; SCC = Sofe Computer Consa

1960 to the present. It is important to note that this
vanced Laboratory Systams; BSL. = Berlceley Sciontific
b ; CHC = ity Health © i

0 2006); KDS = Knowledge Data Systems; LCI = ubomary
@} = New Lab Force Corporation; PGI = Patterson, Gorup, llig;
nts;SM TandT =T andT" (

Tong). Image courtesy Weiner Consulting Services and Donnis Winsten and Associates

Figure 6:The live telepathology system connecting Boston Logan
Airport and the Massachusetts general hospital in action. This is

widely the first working ystem in history
for image-based pathology informatics to have a
positive effect on the practice of surgical pathology,
cytopathology and hematology. With the advent of

increasingly_affordable digital imaging technologics,
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The first national pathology informatics conference in the
USA took place in 1983 in Ann Arbor, Michigan, entitled
Automated Information Management in the Clinical
Laboratory (AIMCL). One year later, the American
Association for Clinical Chemistry formed a division of
the organization dedicated to LIS ™% A journal called
“Informatics in Pathology” was launched that same year,
but was unfortunately discontinued 1 year later due to
poor -subscription and insufficient contributions. ™ In
contrast, the AIMCL meeting was quite ful, taking

Figure 7: Examples of the video streams the firs telepathology
system could generate, Left: peripheral blood smear; right: Urine
eytology

such carly analog cfforts paved the way for the
emergence of digital pathology. The first publication
deseribing the use of dynamic robotic telepathology
occurted in 1986 [Figure 8], and an early publication
deseribing a “virtual microscope” prototype which
included the concept of WSI was published 10 years
later. This publication forecast correctly -that digital
stides would not only conveniently emulate a physical
microscope for clinical interpretations and teaching,

p i matics.org i

peripheral blood and bone marrow smears  were
transmitted via satellite from a hospital ship docked in
Brazil to Washington DC, USA. It was the first time that
still images of microscopic slides were transmitted by
satellite communication. % The same year, Dr. Moacyr
Domingos Novelli from the University of Sdo Paulo
published a report on the SACI Project (Advanced
System in Educational Communication), which broke
new ground in the usage of satellite communication
in telemedicine in Brazil."*

I 1981, the same group
desmibcd its C\pcucuccs with undcring remote

place annually for 21 yeass. Bcgmmng in 1996, a second

known as I informatics,
imaging and the intemnet (APIHI), later  renamed
Advancing Practice, Instruction and lnnovation through
Informatics (still APHI), began to be held each fall, usually
in Pittsburgh, Pennsylvania. While the theme of AIMCL
tended to be weighted toward clinical  pathology, APHI
was initially more focused on anatomic ‘pathology and
digital imaging. The driving forces behind each of these
conferences were Dr. Bruce Friedman and Dr. Michael
Becich, respectively. As a result of (heil efforts and those of
many others, the first professional organization specificall
oriented to pathology informatics called the Association of
Pathology Informatics (API) was chartered in 2000.
its inception, the API has been a driving force,
a number of conferences and activities for p
informaticists (http:/wwwpathologyimformatics.org

In 2004, AIMCL was replaced by the Lab Jgi
Summit which was held annually in Las Vegas %
from 2004-2009. During this time, several intem
meetings related to pathology informatics were helt
including the First World Congress on Pathology
Informatics in Australia organized by Michael Legg,
Ulysses Balis, and Vitali Sintchenko, and conferences in
Furope hosted by the Furopean Congress on Telepathology
and International Congress on Virtual Microscopy. The
Digital Pathology Association subsequently formed in
2009. Toward the end of 2010, both the APl conference
and the Lab InfoTech Suramit combined, in concert
with the Histology Image Aualysis group, to produce
a single pathology informatics mega-event in Boston,
Massachusetts, named Pathology Informatics 2010. That
same year, a new open-access journal entitled “Journal of
Pathology Informatics” was launched under the editorship
of Dr. Liron Pantanowitz and Dr. Anil Parwani.* Most
recently, n August 2011, the first-ever nationwide retreat
for pathology informatics fellows was organized by and
held at the MGH in Boston, MA.

Mexico, South America, Central America, and
the Caribbean

1958-1989

Telepathology

In 1974, static black-and-white of tissues,

images

from analog images obtained
with npllc.i] lmcvoscnpcs that were then digitized and
finally transmitted via satellite communication. 4%
In 1985, the Mexican Centre for Health Education
by Television (CEMESATEL) began transmitting
clinicopathologic conferences from the Hospital Infantil
Federico Gomez to 18 remote Mexican health institutions
via satellite, 12

Data Management

Computer data analysis in pathology was first reported
in the South American literature by Friedrich ef al.
in 1977; their report describes a postoperative staging
kem for vulvar carcinoma.f One year later, Novelli
ublished thcxr worL on computcnz,cd dala analysis

coding
‘1 ln

hol:

in surgical p
and
ation system for pathology and reported their
nces. ™ The same year, a team of rvescarchers
from the Universidad Nacional Auténoma in Zargoza,
Mexico described an information system for oral

histopathology. ™

8]
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Image Processing and Analysis

Throughout the 1980, Brazil was a hotbed for
microscopic image  processing and  analysis  (mainly
focusing on oral pathology) as evidenced by the creation
of the Laboratory of Informatics Dedicated to Odontology
at the University of Sdo Paulo in 1980.7% In 1987 in
Cuba, the first computer-based morphometric studics
were performed on atherosclerotic lesions of the aorta at
the Higher Institute of Medical Science of La Habana. In
these studies, data was gathered with a digitizer interfaced
with a NEC 9801 personal microcomputer. These data
were then processed on a GDR EC-1040 minicomputer
using SPSS (a statistical software package).’ In 1989,
studies on computer-aided morphometric  analysis
were published by the Laboratory for Cell Biology and
Pathology of the University of Sao Paulo.?

Teaching and CME
In 1958, the University of Santa \hna (Rio Grande do Sul,
Brazil) utilized closed for
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Figure 8: Live demonstration (in 1986) of the first operational
robotic telemicroscopy system in history. Top left: Dr. Alexander
Miller and associate operating the robotic telemicroscopy system;
top right: example of the video feed from the system bottom left:

Close-up of vi ing gear worn by parti ; bottom
right: Close-up demonstrating keyboard control of remote robotic
mierascope

but also that digital images would be used to better
screen  and  characterize  malignancies,  generate
three-dimensional (3D) reconstructions, and per
image analysis using various special stains that 1
the presence or absence of biochemical mark
Over the ensuing years the ficld of digital p
continued to evolve with faster and bett
slide  scanning  technologies and  computat
algorithms to analyze the images. The first
course on’ digital pathology led by Mariano
Petes Shireman and John Minarcik was presented by
the ASCP both at its national meetings and at its
Chicago headquarters beginning in the early 1990s.
Early efforts in image analysis can also be attributed to
researchers in pathology informatics.!*" Automated
slide scanners with image analysis algorithms on board
were designed to screen cervical cytology smears for
abnormal cells. Such instruments first began to receive
clearance for clinical use by the FDA in 1995.7%
FDA clearance for image analysis algorithms enabling
quantitative analysis of immunohistochemical cancer
markers for estrogen receptor, progesterone receptor
and others first occurred in 2003.%%%  Research
continues with extensions into parallel and grid-based
systems capable of supporting digital slide sign out in
routine surgical pathology practice, computer-aided
diagnosis, content-based image retrieval, and 3D
image reconstruction, 04 As the use of WSI
evolved, the need for imaging standards specific
to pathology cmerged. The Digital Tmaging and
Communications in Medicine {DICOM) standard was
initially developed to house radiological images, but in
2005, the Working Group 26 (Pathology) was added
to specifically incorporate WSI into the specification.

i
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pathology education.”*l This was considered a pioncering
use of that technology in the worldwide hiterature at
the time. In 1986, Dr. Fernando Augusto Soares of the
Ribeirdo Preto Medical School of the Umvrmt) of de
Sao Pavlo published practical for
pathologists on the use of computers. ™!

1990-1999
Telepathalogy

In 1993, the Department of Pathology of the Hospital of
Hermosillo, Mexico (Roberto de Leén Caballero, Jorge
Platt Garcia, and Minor Cordero Bautista) participated in
63.5% of all cases processed by the Arizona International
Telemedicine Network that year. This network utilized
static” telepathology methods to rcach hospitals across
the world. Even with the logical limitations (static

May 09, 2014,
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Since that time, Working Group 26 has published two
supplements to the DICOM standard 0714

Education Efforts in Pathology Informatics

Approsimately 10 years after the first reports of computer
us¢ in a laboratory, the CAP established the first computer
course for pathologists at their annual meeting. ™! In 1979,
the ASCP began offering the first regularly scheduled
course in pathology informatics entitled “The ABCs of
LIS.” This was offered at every ASCP national mecting,
fall and spring, from 1979-1986. Fellowships in medical
informatics {this was general informatics — not pathology
informatics) began to appear in the early 1980's, funded by
the NLM and again spearheaded by Dr. Donald Lindberg. '
In 1986, the first journal article, which called for
pathologists to be medical information specialists appeared
in the literature."" The Krst pathology informatics book,
caled “The ABCs of LIS”, was published by Dr. Frank
Elevitch and Dr. Ray Aller (based on their ASCP course)
in 1986, with a revised edition published in 1989,#7 In
1980, the first article was published on training pathology
residents in  informatics % but subsequent articles
did not appear until a decade later In 1984, Dr. Frank
Elevitch was appointed Chair of the CAP Lab Computer
Gammittee (LCC), subsequently termed the Informatics
ittec and more recently the Diagnostic Intelligence
ith. Information Technology Committee. Under
ship, the members of the LCC proposed,
and presented an enormous number of CAP
mecting seminars on pathology informatics.
r much of the ensuing decade, more than 50%
i courses at the CAP National Mecting were focused
on informatics. Although this strengthened informatics
expertise at many community practices, academic
centers did not appoint sufficient faculty, or permit them
sufficient focus, to strengthen residency training. Because
of ongoing gaps in pathology informatics expertise at rany
residency training programs at that time, the CAP began
to develop several informatics mini-fellowships in the late
1990’ to carly 2000's. In 1995, the first formal pathology
informatics fellowship in the  nation was established
by Dr Michael Becich at the. University of Pittsburgh
Medical Center'™ Today there are many more training
opportunities (htth/\mw pnlhalugnnfonnstxcs org/
content/traini -pat} but
still not enough to meet the emerging demand for skilled
informaticists.

Professional Activities for Pathology Informaticists

The first national foci of pathology informatics began
with the CAP courses of Rappaport and others in the
60’s and 70, then the ASCP course series of Elevitch
and Aller 1979-1986, followed by the CAP seminars
from the mid-1980s to 2000. A Jarge amount of focused
information was presented at user groups of various
LIS vendors, such as Meditech, Sunquest, Cerner, and
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‘Telepathology Initiative” — a pilot telepathology
exercise ~ was funded by the European Union, with

the participation of the Netherlands and the Belgrano
Public Hospital in Buenos Aires, Argentina. It employed
ISDN technology for its network connectivity. ™ Also in
1997 the Hospltal de Clinicas de Porto Alegre in Brazil

ison study on tel ltation in
cvtupathologv of serous effusions. ™ Finally for 1997,
the Enlace Hispano Americano de Salud (E.HAS) Project
as created to offer low cost radio (HF and VHF) links,
with solar energy “systems, in rural arcas and other
areas in South America where conventional telephony
was not available. For instance, in the province of Alto
Amazonas, Peru, this allowed for sending and receiving
of E-mails between healthcare providers — a first for that

telepathology only; relatively low-resolution images),
an 88.3% absolute concordance between telepathologic
diagnosis and glass slide diagnosis was scen — with an
astonishing 96.5% concordance for clinically significant
diagnoses

Brazil and Mexico were avid users of the AFIP's
Telepathology Service between 1994 and 1999. This
service — described in section: Telepathology in Sor
Africa ~ utilized static telepathology only in th:
period and recarded a telepathology-to-glass congds
ate similar to that - of the Arizona Intctn
Telemedicine Network (73% absolute concorda
concordance for chmcallv algmflcan[ dlagnosc
early static

phically isolated province.®

Telepathology in South America continued to be strongly
developed in 1998 and 1999. A videoconference session
on telepathology, using three ISDN telephone lines (384
Kbits/s), between Santiago de Chile and Buenos Aires
took place in 1998, during a Congress organized by the
Hospital de Cl lm\us de Buenaos /\ues"“” Tn October
of 1998, a teley ksk ized in
Feru, between Lima (Umvcmdad I'edenco Villarreal)

Arequipa (Universidad San Agustin). Its subject
cluded tele-consultations, Internet, as well as
ture and processing. ! Finally, in 1999, the
d Nacional de Colombia ([;N(_,) implemented
,]V managed robotic microscope — a first for this

7
for increased technical cxpe!tlsc on lhe part of bo\bv
teferring pathologist and the telepathology I W%
increased training in the sclection of appropriate regions
of interest on the part of the referring pathologist. 1%

In 1994, RESINTELs TRANSPATH network - briefly
described in - section:  Telepathology  (Africa) had
operational telepathology sites in  Martinique and
Guadeloupe Istand. Unfortunately, by 1998 this network
had to be shut down due to lack of funding. The ultimate
fate of these sites is not known, but they are thought to
be currently non-operational.”}

On October 11, 1996, Dr. Sergio Gonzdlez (Department
of Pathology, Hospital Clinico of the Pontificia
Universidad Catélica de Chile) reported on the usage
of a logy station that d his institution
with the Hospxtal Dr. Sétero del Rio, also in Chile. This
study concluded that the 10 Mbps connections afforded
by their network offered good image quality for online
S-video transmission from microscopes using a Silicon
Graphics workstation to digitize and compress video
signal from a Sony DXC-Cl camera mounted on the
Olympus BH-2 light microscope. ! ¥/

South America experienced a wellspring of telepathology
activity in 1997, That year, the “Europe-Latin America

There were two notable events in pathology data

management  in South/Central  America and  the
Caribbean, both of which took place in 1995, The Mexican
National Epidemiological Surveillance System (SINAVE)
was cmqtcd that year, including an information system
for the b hologic records of malj neoplasia.
Meanwhile, i in Cuba, SARCAP - an automated registry
and control system for pathology — was developed by
the pathology department of the Hospital “Dr. Luis
Diaz Soto.” It was initially designed as an information’
system for both autopsies and biopsies but has since then
expanded into a national databasc for registry and coding
clinical autopsies in Cuba.!"!

Image Processing and Analysis

An Argentinian group from the Medical School of
the University of Buenos Aires published a digital
pathology image processing study in 1990.0% In the
same timeframe, another Argentinian group studied
the morphometric determination of AgNORs in breast
carcinoma.™!! Also in 1990, Novelli et al. created software
called IMAGELAB for image processing and analysis of
microscopic images."™* Though Novelli's group was the
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most prolific it was far from the only Brazilian effort in  was performed between Instituto Materno. hifantil- de
digital pathology image analysis at the time; there were  Pernambuco in Brazil and St. Jude Children’s Research
also active research groups at the Evangelical Faculty of ~ Hospital® in Memphis, - Tennessee,  USA. - The . main
Medicine of Parana, Brazil and the Adolfo Lutz Institute,  objective”of .this project was to improve the diagnostic
Sio Paulo, Brazil /5% In 1993, The Institut Pasteur de  accuracy of pediatric cancer using static telemicroscopy.
Guyane, Hopital Jean Martial, Cayenne, French Guiana It was concluded that . telepathology is an  cfficient
published a paper on the use of computer-aided image  second opinion method and that it also allows for an
analysis in the study of inflammatory cells in skin lesions  improvement of quality and speed of diagnosis, resulting
of chromomvcas:s U551 Finally, in 1994, the Department of  in a better treatment of cancer in-children.f*!

B ing of the Universidad Nacional de ; PORREIR T .
Asuncién (Paragua)) began a full-blew rescarch initiative :)r:)lym»?é;eh::;fc;];i:l{ali:}:\se::l]t’lflsngArTibSc!etlﬂql)’::::g}zg
156 d -Stella
on biomedical images and cancer pathology. and Molecular Biology lnstitute in Pera and the Instituto
Teaching and CME Nazionale per lo Studio ¢ la Cura dei Tumore in Milano,
In 1994, Infomed - a Cuban health telecommunication Italy: These tcle:vc?ns‘\.\lfahons were a success, “’"_h
network that supports Internet connectivity and web concordance zr‘::fes smulaf to previous studnc; on static
editing ~ was brought online. It became a very popular tclcw»thology» * The Arias-Stella group continues to be
resource for anatomic pathology in that country and still 2 driving force for telepathology in South America to the
vs considerable activity today (hitpiwwwaldey  Present day.
sitios/scap/). The first Virtual Hispano-American Congress  Between 1% October 2003 and 30% September 2006, the
of Pathology (httpfwwwconganatorg) took place in European Union funded the T@lemed project. This
1997, with the participation of Argentina, Brazil, Cuba,  project — which promoted evidence based telemedicine
Dominican Republic, and Mexico.™™ Since then, there  for remote and rural underserved regions in Latin
have been 10 further convocations of this virtual Internet merica using e-bealth platforms ~ included  fast
congress. Dr. Gyorgy Miklés Bohm, a Professor « mission of microscopy images from local hospitals
Department of Pathology, I‘“‘_‘“Y of Medicine, Uni h-level referral hospitals, in order to improve the
of Sio Paulo, created the firt Brazilian Teley is of malaria. There were 14 institutions from
and Medical Rescarch Laboratory in 199811 erent countries that participated in this project,
multinational virtual health library known as B fhe Universidad Santiago de Cali, Universidad
Virtual en Salud (http/fregionalbvsalud.orgf} wag Lcntm Internacional de Vacunas and Cdmara
in March 1998 as an initiative of the Pan-Americart a y Comercio Colombo-Alemana of Colombia
Organization (a WHO affiliate). Its mission was to the Tra .mnlwhr Sacicty of Germany./'%%
access to reliable, locally relevant information on health ani .
health sciences. Pathology joumals from Ibero-American Tn 2004, Dr. Mauricio Ribeiro Borges of the Pontificia
countries were included as part of this library. Um\crmhde Catdlica do Rio de Janciro published a
2000-Present o ive thesis on telepathology ™™ This thesis
Tlepatiology, WS1,and tmage Analysis o S 2 e 4 the. cormerone Kt i A
The year 2000 was a highly significant year for understanding of telepathology in Latin America.
telepathology in South America. Early that year ”“' In 2005, the ABC Hospital of Mexico was formally
UNG, the Instituto “jc El ized as a private institution with one of the highest
Comunicaciones and TELECOM (National (»Ompzmy technological levels in telepathology and digital medical
of Telecommunications fn Colombia) began a p',lOt imaging services in the Latin American sphere. It has
f&l:gi;ésorllsl;ﬂtei:wf;;::;ng“SB?‘;‘:E 2%:"‘::;2 ti‘cn;:’ remained a regional superhub for pathology informatics
Telepathol S : 3 bg d th ef i N endeavors ever since. Also in 2005, two microscopes
clepathoiogy services were based on the use of Whe i, apached digital cameras were installed at the
Mkon Ccolpm 995 d\gxta] camera and Nikon and Leica  \¢ionv'cotiloo: Program of Il Salvador, allowi ick
W The § dicine Meeting in al Cytology Program of Il Salvador, allowing quic
consultations between pathologists in remote areas of the
Panama took place in August 2000, with the collaboration ntry and experts in San Salvador
of Dr. Ronald Weinstein, In this meeting, thc Natioral ~ “7" *F "
Program of Telemedicine, with the ipation of  In 2005 in Colombia, a telemedicine network between
lhe Medical School of the Unwcmdnd de Panamé  Cali (Universidad Santiago de Cali) and Costa Pacifica
presented a telepathology project led by Dr. Sivio Vega  was developed for the tracking of infectious diseases.
that connected the Universidad de Panamd with the  Microscopic images containing blood and urine samples
Hospital El Vigia in Chitré. " Finally, in October  were exchanged utilizing a custom store-and-forward
2000, an international randomized telepathology study  architecture. This network is still in operation today."®!
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With the development of the Internet came the
possibility of sending and receiving digital images across
the world; most. historians of our still-nascent field trace
the lion’s share of the evolution of the current state of
telepathology — and indeed pathology at large - to this
singularly disruptive event. Many organizations — such
as the AITN — sprang up in the so-called “Web 1.0” era,
providing platforms for diagnoses and consultations based
on international telepathology involving not only the
USA, but also many other nations, including China and
Japan.'™ While these early efforts uniformly used static
telepathology as their primary diagnostic modality, in the
modern era we have seen a shift to the usage of WSI
instead. "™ In Asia, the story of true al pathology
has just begun; it cumrently lags far behind the more
developed state of digital pathology among the Western
nations. However, Asian nations - particularly those
with advanced network infrastructures like Japan and
South Korca — are making more and morc use of digital
pathology as broadband saturation in these countries
have reached (and indeed by now have exceeded) 100%.
More recently, fast-growing cconomies like China and
India have been pushing forward with digitization. lran
and Uzbekistan are also promoting digital pathology."

Telepathology options differ from country to coy
Offerings run the gamut from relatively slow
of static images taken by digital cameras vi
subscriber line to nearly-instantancous transfel
via fiber optic networks. ™™ Government:
for telepathology and digital pathology is als
variable — some countries have embraced the:

technologies as quickly as they are introduced, whe
others have applied heavy regulation that has effectively
stifled the growth of digital pathology in those nations.
A case in point is the comparison between Japan and
South Korea: Although both countries have impressive
network  infrastructures  (South Korea's  broadband
penetration approached 100% as of 2012), the uptake
of digital pathology in South Korea has been relatively
slow due to an onerous regulatory environment. Compate
this to the governmental policies of Japan, which openly
promote a “standardization of cancer medical sesvices”
based on WSIs as well as other medical advances. It
should therefore, come as no surprise that Japan's growth
in telepathology and WSI adoption is outstanding
as compared to that of South Korea ~ a nation that
not only has a smaller landmass, but alsc an arguably
better-developed network inf ure [Figure 9].0%

Japan

]ap:m s network infrastructure is among the best-developed
in the world. Population coverage and network speeds also
rank among the highest in the world-it is worth noting
that fiber optics is 2 common connectivity option even
among general households! High-speed network-based
telemedicine has been developed to such a level that

intraoperative rapid diagnosis and consultation take place
actively in the field of pathological diagnosis. The first
reports of digital pathology in Japan date from the first
half of the 1990's. At first, static images were the major
telepathology modality; now, real-time remote control of
robotic microscopes and access to WSI is the norm. The
essential driver of this change is widely accepted to have
been the government’s policymaking.

Infrastructure

Telepathology in Japan was first conducted on an
analog system. It started shifting to digital modalities in
approximately 1996 by using the ISDN protocol, which
was the first step toward full implementation. In 2001
and 2002, asymmetric digital subscriber linc (ADSL)
and fiber optics, respectively, were implemented in
telepathology. The advances in transmission technology
combined with wide spread digitization made it
possible to transfer still images and videos of tissues for
pathological diagnosis. With the more recent addition
of HiVision (HDTV) technology, intraoperative rapid
diagnosis is performed utilizing dynamic methods with
full remote control of a robotic microscope. ¥4 WST is
also utilized for consultation and sccond opinions while
their application in medical education is expanding.
09 and 2010, the high-speed satellite “Kizuna”
d for the first-ever Japanese fully dynamic/WS$]
logy study via satellite; this study allowed for
us live telepresence across three sites (Iwate,
d Okinawa).[

on
1, the static, dynamic (Jive video feed without
control of the microscope), fully dynamic (live video
feed with direct control of robotic microscope), and
WSI methods of digital pathology are all in use. As of
today, two Japanese providers' offer fully dynamic and/
or WSI methods. The Ministry of Health, Labour and
Welfare has provided (and continues to provide) half of
the funds necessary to procure WSI scanners and other
such equipment at institutes and hospitals across the
nation, The total number of WSI systems deployed in
Japan is approximately 400, most of which are provided
by Hamamatsu Photonics and Olympus. The use of
WSI has taken root not only for pathological diagnosis,
but also for education. The usage rate in medical
faculties of Japanese universities for teaching histology
and pathology is 46%.1"! Most of the universities utilize
WSl in bination with existing mi however,
depending on the content of the lectures, some have
fully shifted to WSLU Although a complete shift from
microscopes to WSI still requires validation of their
educational effectiveness, WSI has been highly praised
by students and rescarchers alike as they allow more than
one user to look at a specimen simultancously and to
conduct dsscussmns among themselws ‘WST is also more
fexible d with traditi
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In 2006, the Amazon Telemedicine Project developed
a tele-health system using satellite-based networking
to reach Amazon Indians in Northern Brazil, with
applications in the areas of telecardiology, teleradiology,
teledentistry, telepathol and vid . The
telepathology mmpumnt of this project Iargely focused
on the transmission of high-resolution static images of
Pap smears. The satellite communication system ~ said
by its creators to be highly robust, and cost-cffective - is
still in operation and actively use today.*!

In 2007, a Peruvian project known as PAMAFRO
(Control of Malaria in Border Areas of the Andine
Region) began installation of wide-area networks utilizing
IEEE 802.11 (Wi-Fi) technology in remote areas of the
country, One of the networks - which spans a 447 Km
segment along the Napo river, allowing an uplink to the
Hospital Regional de Iquitos — is notable as being the
single longest known Wi-Fi network in the world. (7t

In 2007, the Biolngenium Rescarch Group of the UNC
in Bogota, Colombia was formed. It has since then
made virtual microscopy, image compression, and image
analysis its main rescarch foci. " One of its not1b]tz
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In 2004 in Uruguay, the Pathology Department of the
Medical School of the Hospital de Clinicas “Dr. Manuel
Quintela” in Montevideo, Uruguay started pubhshmg
online study material for medical students.™ In 2005,
the Virtual Hispano-American Congress of Pathology
began utilizing WSls instead of static images in its
presentations. Finally, at present, iPath hosts the
Telemedicina  Sur  telemedicine  network, active in
South-American countries for medical discussions,
including pathology CME and consultations.

LISs

In the last 5 years, significant improvements have been
made in data management in pathology departments
in Central. and South America. Several commercial
vendors {e.g., Labsoft Tecnologia Ltda.) are distributing
products in Argentina, Brazil, and other countries. System
integration and interoperability solutions for pathology are
also available in products like data innovations (Austria
and Brazil), Tesi Pathox (Italy and Brazil}, CSC Patwin,
Vitro Novopath and Esblada Gesapath (Spain and
Ibero-America). Tracking and laboratory connectivity
solutions  from Dako (DaloLink, TPID) are also
-

plO]LLtS‘ has been on the automati

detection of malaria parasites in thick blood films stai
with haematoxylin-cosin. "™

In 2008 in Cuba, a national network for tel
in anatomic pathology was established by a
Reference Center for Anatomic Pathology (Cl
in the Hospital “Hermanos Ameijeiras” in La’
Cuba,™ That same ycar, in Cuenca, Ecuador, a”
hospital known as the SOLCA Institute began to utitize
a WSI scanner for tele-consultation and primary remote
diagnosis. To the best of our knowledge, this is the
first — or at least one of the first ~ mentions in the South
American literature of WSI for primary diagnosis.!"™"

Finally, in 2009, a telepathology pilot using digital slides
created with Aperio ScanScope was pufurmcd with the
participation of the Arias-Stella Pathology and Molecular
Biology Institute in Peru, the Depariment of Pathology of
University of Sao Paulo in Brazil, the Hospital Britdnico
de Buenos Aires in Argentina, and Centro Consulenze
Anatomia Patologica in Milano, Italy.™

Teaching and CME

In 2000, a website containing a comprehensive callection
of histopathologic images with a special focus on oral
pathology was published by the Fundagio Odontoldgica
de Ribeirdo Preto, Universidade de Sdo Paulo.”™ Also in
2000, the University of Cauca served as a mirror site for
the 6% Internet World Congress for Biomedical Sciences,
organized by the Pathology Department of Hospital de
Ciudad Real in Spain." Since June 2002, autopsies
have been broadcast online on a weekly basis, with the
participation of 12 Brazilian medical schools. ™

frea fram hitp:hwven.j

— 352 —

J Puthol Infores 2013, 4.7

org on Friday, May 09, 2014, 1P: 202.244.196.116} §| Click

ibuted in Brazil and other Ibero-American countrics.

ggress of pathology informatics in Asia has been
the phenomenon of watching ripples spread
surface of a once-placid pond after a pebble
thrown into it. The pond in this metaphor is
he pebble represents progress in talcpathologx
and WSI from the West. Although this historical review
of informatics in Asia is focused largely on advances in
digital imaging, much progress has been achieved in these
countries utilizing computers to establish LISs. In general,
dcvclopment of digitized telepathology was supported by
the d P of p an I in
the performance of digital cameras: In the modern er,
'WSTI have been a primary focus of pathology informatics
activity across the world. Asia is no different in this
respect. In some Asian countries (e.g., Japan), where
network infrastructure and high-speed  Internet-based
telemedicine are well-developed WS “systems are in
heavy use. In other Asian countries (c.g., China), there
ate significant bottlenecks to further penctration of
telepathology, including (i) Jow levels of understanding
in society in general about the importance - of
pathological diagnosis, (if) physical constraints, including
infrastructure  development not keeping up in large
geographic areas, (i)} high prices of WSI systers,
(iv) lack of mutual trust between pathologists in different
areas, and (v) regulatory issues.

The story of digital imaging in pathology was, in its
carliest years, confined largely to the USA and Europe.
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Figure 9: Growth in Japanese telepathelogy installations;

China
Expectations for
are very high in China, which is a wunm with n
extensive national territory. Telepathology, however,
is not cumently actively practiced because (i) the
infrastructure has not developed fast enough to cover all
areas, (i) hardware cost is still high, (ifi) digital imagery
is not fully trusted, (iv) people have a strong attack

U IR Jenathol

and South Korea. Although the absolute number of
people who have access to the Inteet is the highest
in the world, if divided by China’s large population, the
penctration rate remains as low as 36.3% as opposed to
100% in South Korea, 78.3% in North America, and 78.4%
in Japan.™!l Moreover, the digital divide in terms of
Internet use between urban and rural areas is significant.

to traditional optical microscopic diagnoses, (v) not
en(mgh physicians engage in ke]cpakh(\logy, and (vi) state

ing remote di are inad ¢
In terms of infrastructure, digital subscriber line (DSL)
is still the dominant technology, but more recently some
cases of telepathology are reported as using fiber optics
and WSL

Infrastructure and Equipment

Along with its recent outstanding economic growth,
China has been rapidly expanding its infrastructure. The
speed of development can be exemplified by the number
of Internet users reaching 400 million in 2011 and the
number of cell phone users reaching 900 million, %"
Nevertheless, China’s overall network  infrastructure
remains less developed than that of the USA, Japan,

Digitization and Telepathol
Pathologists are scarce in China, particularly in the
southwest region. To ascertain the telepathology situation
in the country, we performed a PubMed search with the
keywords, “Telepathology” and “China.” There were five
hits, three of which were related to consultation using
the AITN as reported by Weinstein. These telepathology
cases utilized static telemmros(opy over the Internet.
Telepathology efforts indigenous to China, however,
began in the first half of the 1990’s.%7 Since the early
2000's, telepathology studies have been conducted based
mainly on employing digitized still images and live video
feeds without direct microscope control. These two
diagnostic modalities appear to be the current mainstream
in China. More recently, however, telepathology using
fiber optics and WSI has tentatively begun between
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Peking University and its first hospital. The most popular
way of currently conducting telepathology in China is
to cither share W8I on a server with a trusted partner
or to send an E-mail with a WSI as an attached file
in the le transaction hub (FTH) format via DSL. In
this format, the sender observes an image enlarged by
a factor of four, extracts hisher area of interest into a
A0-times-larger WSI, attaches the image as an FTH file
to an E-mail, and sends it to the consulting pathologist.
The advantage of this process is that the WSI files are
of relatively small size, between 2 MB and 30 MB. This
represents o middle ground between WSkbased and
static image-bascd approaches. The attempt started with
validating the -result of this mode of telepathalogy by
comparing it to conventional optical microscopy using
biopsy cases; the diagnoses were reported to show good
agreement for all case M Nevertheless, the use of
static telepathology still remains more prevalent than
dynamic methods. In addition, the issue of disparity
between urban and rural areas remains unsolved in terms
of limited infrastructure development and utilization of
Information Techuology (IT) in hospital facilities. As
such, the practice of telepathology in China is currently
limited to certain institutes only,

India

Telepathology i Tndia is generally limited g
telemicroscopy  utilizing the Intemet.™ Si
Ching, constraints include the size of the cou
gap between urban and rural areas, startup cost
grid electrical supply system that is subject to oc
blackouts, and also the complex human relations
several groups.

Infrastructure

Due to India’s historical background, the Indian people
exhibit a high level of proficiency in English and
mathematics, and the implementation of IT, mainly in
enterprises, has been well positioned in a global society
since the 1990's due to the government's policies. As of
June 2010, the number of subscribers to wired Internet
services was 16.72 million and that to broadband services
was 9.47 million. The most popular connectivity type is
DSL.I™ At the same time, the number of cell phone users
reached around 635 million. The (what?) coverage was
approximately 53.8% in 2010.9%% The country is pushing
forward the construction of a wireless communications
infrastructure in rural areas, with increasing adoption of
third-generation (3G) wircless telecommunication and
WiMAX technology.

The implementation of IT in medical settings is
observed in the connection of the three major municij
hospitals in New Delhi with their affiliated [wspmds,
and communication with local citics was
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and other interactions on remote images in other districts
have not been reported.
Digitization
According to the 50" Annual Conference of the Indian
Association of Pathologists and Microbiologists held
in Mumbai in 2001, the static (store-and-forward)
method of telepathology relying on the Intemnet was
used for consultation ™! This static approach is still
the mainstreamn method of practicing  telepathology,
but is used only by very few pathologists. Desai et al.
successfully obtained effective tele-consultation outcomes
by connecting the Tertiary Cancer Center (Tata Memorial
Hospital) and the Rural Cancer Hospital (Nargis Dutt
Memarial Cancer Hospital). However, these consultations
were performed with a 56 kbps modem, which is not
broadband. Still, concordance rates from this trial were
90.2%, and such time- and labor-consuming cfforts
are contributing to the rise in the level of confidence
in telepathology.™ [n 2011, Kanthraj reported the
application of store-and-forward teledermatology and
mobile teledermatology.* The scope of this application,
however, mainly covered macroscopic observation and
treatment and addressed pathology images only in part.
he promotion and utilization of WSI in the country
ts better infrastructure and other issues are overcome.

ption of IT in South Korea is characterized by
t levels of high-speed Intemet coverage in the
oud computing, and active applications in the
ssphere. Conversely, due to a heavy regulatory
onment and  the lnoh number of diagnostic

““pathologists to the number of hospitals, social need for

and interest in telepathology seem marginal. The number
of WSI scanners is approximately 30, which is fewer
than Japan has, and most are being used for educational
purposes.

Infrastructure

The country has been developing its infrastructure for
high-speed Internet based on advanced DSL technology,
as part of its initiative promoting 1T projects since
the mid-1990's. A great portion of the South Korean
population is concentrated in Seoul and its metropolitan
area, where many people reside in housing complexes.
This is an appropriate environment for ADSL, and its
coverage has expanded due to its low pricing, which
since its introduction has fallen even further as a result
of fierce competition among providers. Today, more than
one-half of wired broadband subscribers use fiber to the
home and optical LAN with sustained transfer speeds of
greater than 50 Mbps. !

In gencral medicine, receipts (medical fee bills) and

attempted in the Hyderbad District in the Southern part
of the country™ Transmission of surgery-related images

fra from hitp:ifeeee

inform: 2613,

accreditation in Australia. It is estimated that there are
around 100 million pathology messages a year and it is
now the usual manner for delivering a report, and in
some places now also used for ordering,

In 1993, the Australasian Association of Clinical
Biochemists sponsored a satellite mecting of the
International  Federation of Clinical Chemistry and
Laboratory Medicine dedicated to pathology informatics
at Uluru in the middle of Australia. Among the eminent
invited speakers were Dr. Octo Barnett from the MGH,
who was instrumental in designing and programming
one of the first comprehensive HIS. This was followed
by a meeting a decade later sponsored by the Health
Informatics Society of Australia and in 2007 the first
World Congress in Pathology Inforratics co-sponsored by
the APL the Health Informatics Society of Australia and
the Royal College of Pathologists of Australasia (RCPA).

Pathology informatics rescarch and projects reported at
these meetings and subsequent ones included:
*  The application of ripple-down rules i pathology
decision support (1993}
+  Privacy in community pathology {2002)
Government  Quality Use of Pathology  Commi
Pm;ccts (2003-2007):
The chain of information custady
* The role of pathology informatics in
framework
¢ The influence of computers on ordering
*  Teminology
*  Electronic reporting and ordering
* Natural language processing of surgical pathold

reports

*  Evaluation of pathology order entry systems in
hospitals

* A seminal work on Infectious  discase

informatics (2009).

Unlike teleradiology, where Australia is a major playes,
telepathology has not yet become routine. Virtual
wicroscopy, using Aperio, has however been a component
of the RCPA Quality Assurance Programs since 2008.
In 2007 a national workshop on safety and quality in
pathology identified workforce and smart requesting and
reporting as three of the top Five issues that should be
addressed in Australia. This set the agenda for funding
through the Quality Use of Patbology Program of the
Australian Department of Health and Ageing. The role of
the health informaticist was recognized in the 2008 report
entitled “The Australian Pathology Workforce Crisis” and
has been included in workforce considerations since. In
2012, the RCPA cstablished a formal Informatics Advisory
Committee of the same status as other sub-disciplines in
pathology after having had ad-hoc taskforces for many
years.
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other  doc have been increasingly  digitized,
such that the nationwide digitization rate for medical
billing was already 88% in 2006 and abnost 100% of this
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EUROPE

Stereography and the Infancy of Pathology
Informatics

In the infancy of pathology informatics in Europe
(1945-1970), much effort was focused on measuring
sizes and numbers of nuclei, cells, vessels, glands and
nerves by projecting microscopic images on a light screen
equipped with a suitable grid** This technique - later
to be called stereclogy ~ would allow three- dxmcmmnal

pproximations to be extrapolated from two-di i

measurcments.*™ The history of stercology in pathology
can be traced back to the 1950's, when H. Elias analyzed
the structure of the mammalian liver, ™ and Tomkeicff
and Campbell investigated in the structure of the
mammalian lung 22 Later, Cruz-Orieve applied
rigorous mathematical algorithms to stereology, and
Gundersen and Jensen  published  their ideas of the
“fractionator”, “nucleator” and “rotator” - statistical
sarnpling techniques that allowed the observer to
estimate particle volume and distribution in an unbiased
manner. 22

At that time, European research in patholagy informatics
was largely focused on attempting to associate
og:cal data with dlinical findings, for example,
ogical changes with cancer cell npcx, or to
the survival of cancer patients®%*7) Although
mificant associations were reported initially,
reologic correlation never made it past the
tal phase. On the other side, such experiments
ted* further investigation and understanding of
Gini- quantltatm methods in image evaluation, as well as
research in classification, coding, and

Coding Standards and Natural Language
Processing

Once the first computers became  available, two
important areas of research and development emerged:
The standardization and codification of clinical
nomenclatures  (e.g, SNOMED, ICD) and natural
language processing {and auto-coding) of free-text
pathology reports. ™ These efforts quickly bore fruit
and were integrated into routine pathology services.
At the Institute of Pathology at the University of
Heidelberg, for instance, there were projects to {a) enable
“Just-in-time” free text translation of autopsy findings
and (b} pursue complete digitalization of all autopsy
records back to 1841,

The advent of computerized tomography technology in
the 1980's induced a sharp decrease of autopsies. For
instance, at the Institute of Pathology at the University of
Heidelberg, the number of autopsies dropped down from
1200/vear in 1970 to approximately 350/year in 2000;
other European and German Institutes of Pathology
displayed a similar trend.#57 [t was around this time that
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information has been made available online at dispensing
pharmacies."™ Nevertheless, telemedicine is observed
only in the government's primary-level research and not
in practical settings due to legal constraints.

South Korea is a rapidly aging society, just like Japan.
Thus, the “u-healthcare” industry, which combines
information and  communication  technology  with
medicine, garners much attention for future healthcare
services. This concept includes telemedicine and also
remote health control. It is most likely that, once the
regulations are relaxed, services at an international
standard will immediately be available in South Korea,
where the IT infrastructure is well established.
Digitization

Though the number of WSI systems in South Korea
is smaller than that in other Asian nations, WSI is
being applied in educational conferences, but rarely for
telepathology. Factors contributing to this include the
South Korean medical laws and also the perceived lack
of need for telemedicine considering the relatively large
scale of South Korean hospitals and the presence of
Jocal pathologists. WSI for educational applications, on
the other hand, are widely observed and enthusiastically
adopted in the hands-on training of students and
for self-study. WSI is highly appreciated by
and positioned as an important tool for p1(:1
edueation™ It is likely that the WSl-based
style will be common in the country, where onsit
well developed in educational settings.

AUSTRALIA

Australia’s  Council for Scientific and Industrial
Rescarch Automated Computer Mark 1 (CSIR MKI1),
which ran its first program in 1949, was the fourth
stored program computer in the world. This and the
replacement machines in Sydney, SILLIAC and KDF9
were used for medical and pathology research including
Fourjer analysis of pressure and displacement waves
to understand the clasticity of arteries. Between
1969 and 1971 three Australian preventive healthcare

izations began using comp for BHRs. All these
systems included a pathology LIS. Those organizations
were Medicheck and Preventicare in Sydney and the
Shepherd  Foundation in  Melbourne. Medicheck,
modeled on the Kaiser Permanente Multiphasic Health
Screening Centre led by Morris Collen (after whom
the American College of Medical Informatics Prize is
named), had its own pathology ]abumtory and installed
the IBM 1800 while Preventicare, which developed into
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on ICL hardware (Hospro) was developed and became
the dominant system in private pathology practices
in Australia. These LISs were later replaced by one
of the world’s first LISs that used a high transaction
relational databasc-Triple G's Ultra (so-called after the
three Australian developers who called one another
George but were actually Mike, Peter and Brian). Triple
G sold in Canada and the USA, and the company was
subsequently acquired by GE.

Other LISs developed in Australia of note are:
MGH Utility Multi Programming System (MUMPS)
based system first developed by Détente in 1970's
and now known as ISS-Omni-Lab installed in
the United Kingdom and New Zealand. This was
redeveloped by Sonic into their Apollo system
which is now in use in their laboratories around the
world,
Pick based system from last resort support which is
sold into the United Kingdom,
Delphi and HL7 based kestral and medical
objects LISs-both organnahum at the »anguard of
informatics dards s and
for having contributed slgmf\canrlv, especially to
. HL7.

irst clectronic transfer of pathology reports from
es in Australia was in 1969 using teletypes on
nticare IBM Call 360 network. In the early
is network got as large as 250 sites in four states
veputed to be the third biggest network of its

.

pathology transfer using the Intemet was in
the mrly 1990’s, but the most common method then
was modem to modem communication. In 1993, a
de facto standard for this purpose was introduced with
an  agicement between  two  dominant  Queensland
laboratories. This was a FORTRAN like message called
Pathology Information Transfer (PIT) that was and
still remains in wide use. In 1996, a Standards Australia
Conunittee (IT' 14-6-5) was established ostensibly to
answer which was the best Standard for Australia to adopt
for pathology results reporting-PIT, EDIFACT or HL7?

In 1997, Standards  Australia  established 2
relationship with HL7.org (and later HL7 Australia}
and in 1998 Australian Implementation  Standards
AS4700.1 ADT and AS4700.2 for Pathology Orders
and Results were published. A detailed handbook for
pathology messaging (HB262) followed in 2002. The
Standard pmntet] to a subset of LOINC codes as the

New South Wales” largest private pathology laboratory,
used the IBM Call 360 time-share service. Both
developed their own software. This was front-page news
at the time and seen as a threat to good medicine.
Artound the same time an LIS written in assembler
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interest in natural language processing for the automation
of pathology reports waned, instead being supplanted by
research in molecular biology and genetics, #2141

The drop in autopsies did not diminish the workload
of pathologists. In fact, the concurrent rise in biopsies,
fine needle aspirations, and surgical specimens created
an  overwhelmingly heavy workload for pathology
departments throughout Europe, along with the need
for sophisticated logistics, financial ~analysis, and
Jinician-faci: 3! i ication tools in the

laboratory.

Laboratory and HIS
In Europe, the increase in biopsies induced research in
different aspects of pathology informatics. Questions
on to handle the enormous number of biopsies and
other specimens, how to classify the obtained diagnoses,
and how to correctly manage issues of rei
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logy for the test name (OBX3).
This standard for electronic communication was
taken up in the National Pathology Accreditation
Advisory  Council  “Requirements for  Information
Communication” publication in 2007, and so forms

an integral part of the requirements for laboratory

1P: 202.244.198.116] || Click here to downioad free Android appiication for ihis

"

p: J i /content/s

clectronically transferred into the HIS, and afterwards
into the LIS in hospitals, or into the local administration
system of private pathology institutions. This allows for
true portability of a patient’s personal health records, as
well as easy billing and reimbursement on the part of the
institution, 5

LIS and HIS are well developed in nearly all Western
European  countries including  Belgium, Denmark,
Finland, France, Great Britain, Iceland, Ireland, Italy,
Norway, Portugal, Spain, Sweden, and the Netherlands.
Those in former socialistic EU countries such as
Estonia, Latvia, Lithuania, and Poland have introduced
well developed LIS aud HIS in combination with the
mandatory renovation of their bigger hospitals.

The implementation and maturation of LIS and HIS
was forced hy the dLmands of public health and the

arose,™™"! eventually resulting in the need for the first
precursors of modemn LISs. ™! Advanced tissue testing
modalities, most notably immunohismchmnishy and
DNA drastxcally d the plexil
routine tissue lmndhng in turn requiring a smndarduanon
of laboratory techniques and performance. ™! It was soon
recognized that LISs themselves require rcgulatmng
standardization, which gave rise to formal cert ti
of LISs. Such certification is now consider
mandatory since the beginning of this century.

At the same time, similar factors in the heglth
industry at large forced hospitals to introduce ¢
recnrd~kecping systems, and thus HIS were incr
adopted in the 19905520 In Lermany LIS and HI

of image transfer {in
radxolog)) and medical records inside and in between
different hospitals were considered to be prerequisites
for success. The implementation of PACS and that of
DICOM standards occurred in the middle to end of
the 1990's. At present, more than 80% of hospitals and
private institutions ({radiology practices) are assumed
¢ equipped with such systems to the best of our
d;

nalysis

lopment of at a light pi
cation was ch ized by three mil
1980°5-1990s, namely the development,

mentation and standardization of DNA cytometry,
fitactic stmcture dnn]ysls and communication in

strongly fled by obli
employees who eamn less than a cerhm salary per tmonth
are mandatorily insured by one of these companies.
These companies provide reimbursement for care which
is calculated by so-called reimk codes (codes
for diseases, therapeutic and diagnostic examinations,
all of which correspond to a flexible, fixed amount of
Euros}. The financial value of each code is locally and
periodically regulated and depends mainly upon the
Jocal and momentary contribution of the insured workers
to the insurance company. Thus, the management
and maintenance of LIS and HIS in combination with
the demands of certification is highly region-specific.
Commouly, these systerus require an update every
3 months.

With only a few exceptions, all patients in Europe have
been equipped with an insurance card. These cards
commonly integrate a solid-state electronic storage
component that contains the patient’s personal identifiers
and the patient’s insurance company. While these cards
have carried no medical tecords up until now, trials are
now underway to include comprehensive medical records
on insurance cards. ) In most cases, these data can be

diagnostic p

DNA cytometry was thc first and to our knowledge only
pathology measure that introduced fixed, reliable, and
commonly agreed measurement standards and error
hm)kahons, for example, a standard deviation of less
than 5%, and others. #6231 J¢ 1s a crude measarement
p of genetic ab lities in a nucleus (total
amount of DNA) and is based upon the stoichiometric
light absorption of Feulgen stained DNA. The analyzed
parameters include ploidy, S-phase, and 5C exceeding
rate. ! I recent years, DNA cytometry has been
replaced by genctic examinations that permit a more
detailed insight into ch genes, DNA

and proteins.

Syntactic structurc analysis is a measure of structures
present in cells {or nuclei). It utilizes graph theory to
successfully analyse and annotate properties between
nodes (edges) in combination with properties of nodes
(vertices). It can be considered as a direct successor to
DNA cytometry® ™ The reparted results and derived
data (e.g., Structural Entropy} have been shown to be of
proguostic significance for certain patient populations,
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most notably lung cancer patients with intra-pulmonary
metastases. At present, the technique has been
expanded to THC images, and reported being suitable for
determination of so-called areas of interest in WSLEW11

Telepathology

Early Events Prior to the Internet

The history of telemedicine is closely associated with
the technological development and progress in medical
diagnosis and treatrnent.#¥ Most cfforts focused on
di ; hol Ted 1

diology, tel

g T )

tele-endoscopy, etc.), and only a few investigations were

devoted to teletreatment such as telesurgery. i

The floodgates of telemedicine were opened by the

National Aeronautics And Sp;une Administration of the
VI ) N
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telemedicine devices -had already been suggested in
1978.53" However, it was only in the 1990's that these
emergency devices were available for patient care in
Europe 036265510

The common telecardiologic  devices  included
ambulatory Holter monitors and loop event recorders, or
event-triggered monitors. Similar to other telemedicine
fields the preferred “solutions have been an end
to end connections, ie, a fixed client - observer
line. #5251 In addition to telecardiology, the development
of telemedicine applications in Europe was formed by
other medical fields that use images for diagnosi
as dermatology, pathology, and radiology 1731652

Intensive research to ﬁxplore the potency of this new
Bl

USA in the 1960's
systems had to be |mplcmcnted in order to monitor the
health condition of astronauts.®**% These " included
continuous monitoring of cardiovascular functions as
well as those of brain functionality.**#*%'%} Based upon
these i carth-bound telemedicine trials were
pcrformed in the USA first. One of the earliest events was
the video transmission of black and white blood smears
from the Logan International Airport, Boston to the
MGH by W, Beck and K. Bird in 1968.} 2% Despi
some tele-education and distant cytology consultat
done at John Hopkins Hospital, Baltimor
(J. Trost)2®¥™ in 1979, it took about anoth
until further investigations in telemedicine
They started with USA-based trials 41272273
investigations followed about 3-4 years late
At that time, telemedicine was based mainl
still images, and those that were performed using t

technology was 1 by the on-going

technological ~ development.  Here, three  different

“coordinates” have to be mentioned:

¢ Velocity and the kind of line (telephone) connections
available,

«  Systems of image acquisition and display, and

+  FElectronic communication systems.

To start with, telecommunication in Europe was
chancl‘cnzed by a umque sllmhon in which state
i the
. Private  telephone Comp:mit.s did not cxist
 heginning of the telemedicine era. Therefore,
ogue lines could be replaced by digital line
ns  without major  difficulties or without
h (intra-state) different digital standards. The
was created by the Ewopean Telecommunication
ndards Institute in 1989 and implemented as a
ication Standard in 1993.0°%

European Tel

remote control systems {mainly for intra-operative frozen
section). These considerations are based upon the three
different types of tissue-based diagnostic needs (pre-,
intra- and post-operative diagnostics. % With the
exception of cardiology, most investigations regarding
telemedicine trials included still images.
Still images for telemedicine nneshg’lhons were seen also
in radiology (including ul inati surgical
pathology, and dermatology.

360311

Telecardiology, however, did not include still images, as
it relied on the transmission of analogie signals. In fact,
the first telecardiology trial was reported by Wilhelm
FEinthofen (1860-1924). who in 1905 transmitted heart
beats by telephone. 13!

This historical event remained silent for more than
S0 years until the need for bridging long distances of
inaccessible heart functions was evident for astronauts. In
Europe, the ission of electr di
signals to specialized clinies took place in the 1980's.
The analogue signals were acquired by specific
clectronic devices (frame grabbers) and the patient
]

European efforts with telepathology started, however,
prior to this development. Of particular interest was the
immediate transfer of a {primary) diagnosis in surgical
pathology during frozen  section. This involved  the
replacement of specimen  transportation from  smaller
hospitals, which were not equipped with an Institute of
Pathology, by the clectronic transfer and remote control of
microscopic images.!¥ 7! Several specific tclcpatho\ogv
systems have been developed for this purpose.*

1988, a routine telemedicine service was started
by T Eide and 1. Nordrum to provide three smaller
hospitals  with an  intra-operative  frozen  section
service. 590390 The hospitals were located at a distance
of 300-400 km from the Institute of Pathology of the
University of Tromss, Norway A specific end-to-end
user (store-and-forward) system was developed. By 1993,
more than 150 intra-operative frozen section diagnoses
had been reported through this service #4351 At the
same time, the University Hospital of North-Norway
performed  trials  in  teleradiology,  teledermatology,

f hinol

could be monitored for at least 24 h. 0 ) yngology (remote endoscopy), remote
o] free from http:ifwy g on Friday, May 089, 2014, 1P 202.244.106.116] |} Click here to downtoad free Androld application for s jourr {t
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was ) ied by Thai coll The
first double blinded study on intra-operative frozen scotion
telepathology was performed by H. Guski at the Institute
of Pathology, Charite.P*™3%% This study confirmed
that digital images could bc )udacd with the same
diagnostic accuracy as pic images.

via E-mail, and after rendering their opinion, the client
was in turn notified via E-mail. The iPATH system
was built using only open source software; duc to this,
Jocal iPATH server installations were located all over
tlxc world ™ Two similar Internet-based  telepathology
were created during this time period, one

An additional innovative successful trial was the European
founded Europath project headed by Dr. G. Brugal and
Dr. K. Kunze.™ ™ To our knowledge, this was the first
telemeasurement system in cytology (using static DNA
analysis of Teulgen stained nuclei). It was started in 1996
and was fully iy lemented in 1999. Tt was employed for

lual as well as analysis
of measurement accuracy of both submitted microscopic
images and commercial DNA measurement systems,
A less successful trial was the introduction of the PARIS
project (pathology and anatomy review international
score) in 1999, The focus of this project was to peer review
potential scientific articles and to prowde the authors with
an internationatly acknowledged score ind Jently from

in the USA at the AFIP (Washington, DC),"** and
the other at the Institute of Pathology, Charite, Berlin,
Germany, sponsored by the Union Internationale contre Ie
Cancre (UICC), Lyon, France called UICCTPCC (UICC
Telepathology Consultation Center) (#3546 Al}
these systems ~ including iPATH — have since been
terminated. Two of them (iPATH, AFIP) have been
replaced with commercial software packages. iPATH was
the first telepathology platform to offer such tremendous
flexibility, and as such enterprising individuals soon
realized that it was possible to formulate somethmg al
to a virtual department of pathology around it.f
To Accomphsh this, admivistrators and pathologists were
ion and duty plans were drawn up,

the journal in whrch the authors wanted to publish their
article. Only a few authors participated in this free service.
The project resulted in the first solely electronically
published medical journal (the electronic Journal of
Pathology and Histology), which was eventually cmcaBg;I
due to lack of subscribership 5%

The Internet Era E
The advent of the Internet slgmfxcanﬂy ir
the development  of !clcpathology in K

porary with the d and implem
of the Internet, preliminary development of the firs
scanners started. P71 Both technologies impacte
application and distribution of telepathology; the Internet
made telepathology casy to use which levelled the
playing field between expert and non-expert computer
telecomimunication users. 2 #SHH Whereas in- the

and the first ever Virtual Pathology Institution (VPI)
was born.*" This VPI served the total tissue ~ based
diagnostic needs of the Salomon Islands for several
7 Oberholzer and  Brauchli implemented @
y laboratory in the Solomon Islands and
echmcxans to perform gross examinations on
suc create H and B glass slides and submit
ing microscopic images to the VPL Usually, a
siosis could be rendered within 24 h.% Prior to
Gtion, all tissue had fo be sent to Australia, with an
¢ tiraround time of roughly 2 months. This VPI
n operation for more than 5 years. It was, however,
unfortunately terminated due to the fact that neither the
Salomon Islands Government nor .charity osganizations
were wxlhng to consistently fund it. \'cvu'thclcss this
erience can be idered as proof that

funch

Internet era the impl ion and mai of

a telepathology network required high techuical expertise

and financial investment — thus sharply limiting the

number of sites that could support telepathology — the

lntemct changed this allowing groups to implement
built from of dards roots.

lPATH deve]opcd by Brauchli and Obesholzer at the
Institute of Pathology, University of Basel ~ is perhaps the
most successful of these platforms B0 It was first
implemented in 2002, and has served over 150 user groups
around the world. More than 15,000 telepathology cases
have been examined using this system. Its success can
be attributed to the basic operating principle or iPATH:
the development of an easy to use system optimized for
diagnostic consultation in pathology that also permits
the creation of individual “working groups” (for example,
specialized for cytology, lymphomas, or countries such
as Cambodia, etc.).™*%I% Participating experts were
notified about a client’s request to remotely view a case

al VPIs can be implemented.*

The recently (2011) released telepathology forum
called  Medical  Electronic  Consultation  Expert
System (MECES) is an example of a platform that
has tapped into Web 2.0 and WSI technologies.*™ It
focuses on performances experienced from iPATH and
UICCTPCC in combination automated electronic
measurements (EAMUS™), still image acquisition, and
WSL. In combination with an internationally well-known
expert team, MECES will probably become a new
milestone in the history of European telepathology.

CONCLUSION

The history of clinical (medical) informatics, a relatively
new domain of computers and information science in
healthcare, has been previously described H'*#!i However,
to the best of our knowledge, this article represents the
first account of the history of pathology informatics from
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gastroscop\ f?lC“LLnL remote
of elect ams, telepsychiatry, telcophthalmologs,
ledialysis.  tel i tel 1
> i ology,
telecare,  telegeriatrics, teledentistry, and  maritime

telemedicine. !

Telepathology trials confirmed the following:
Intra-operatively obtained microscopic images could be
acquired with an image quality that was sulficient for
reliable diagnostic purposes.

The velocity idth) of the (analogue) telepl
line connections permitted a stable transter of i Amagm

Tand

The diagnostic error rate of this technology was in the
same range as that of conventional light microscopy
frozen section technology, which served as the gold
standard.

Patients greatly benefited from this technology by being
treated in accordance with the latest guidelines, by
avaiding the need to be transported over a long distance,
and minimizing their risk of potential repeat surgical
treatment.
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Figure 10: Demonstration of image qulli:y of first expert
telepathology trials in Germany, 1990. Note the breaks of line
connections

aforementioned conferences solidified the

of tel licine in Europe, and all
subsequent annual national conferences of pathology
since 2002 included telepathology in their themes.

These two
knowled

1 by

The costs of this could be
using reliable intra-operative diagnostic statements that.
translated into potential financial reimbursement

hnol

The impact of the 'mesn trials on the deve
of  Europea hology)
be overstated.#2#3% Several !(]t.pdlhologv
followed suit with their own investigations on
of this technology to support a remote frozen
service, and reported similar results.” S
This applied technology seemed to hcl 5
considered to increase the reputation of smaller hospitals,
helped to establish larger institutes of pathology which
would take over the services of smaller institutions,
and provided patients with the latest technology for
medical diagnosis and treatment. At about the same
time, in 1990, Kayser ef al. reported on different aspects
of telepathology.! They performed  the
first expert consultation trials in Germany between
Darmstadt, Heidelberg, and Mainz, three cities cach
with about 120,000 inhabitants {Figure 10}, which was
followed by the first quality control board examination of
luug cancer cases using telemedicine in 1992 i The
year 1992 can be considered to be one of the milestones
of carly telemedicine in Europe because:
The Tromsé telepathalogy group reported  their
successful trials
* A unique telepathology vetwork was installed in
France by E. Martin, P Dussere, and G. Brugal
+  ‘The first European conference on telepathology was
held in Heidelberg

Bi N0 telepathology conferences were held
without exception in:
idelberg (Germany, 1992}
stis (France, 1994)

¢b (Croatia, 1996)
e (Italy, 1998)
h (Gennany, 2000)
raglion (Crete, Greece, 2002)
Poznan (Poland, 2004)
Budapest (Hungary, 2006)
+  Toledo {Spain, 2008)
«  Vilnius (Lithuania, 2010)
»  Venice {ltaly, 2012)

During the decade 1990-2000, there were several
innovative European trials, some of which were
snccessful, others not. Innovation by itself, however,
does not assure success. The technological environment
has to be mature in order to accept disruptive efforts,
and to provide the “soil of success”.™" One successful
application was the implementation of telepathology
in a modern pathology laboratory in Cambodia, where
a CambodianThai-German pathologist team formed a
working group (DIAG_AID) and trained Cambodian
colleagues in diagnostic surgical pathalogy 25 Only
three experienced Cambodian pathologists were working
in Cambodia at that time. A telepathology system
was implemented at the Sihanouk Hospital Center of
HOPE in 2002. It relied on the iPATH servers and was
in use until the termination of the overarching iPATT

¢ The first international
took place in Tromss, Norway.
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a global perspective. Significant progress in our field has
occurred in many countries around the world, and this rate

of progress seems to be increasing. Progress in pathology
f)
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<

P, editor. Mew knowledge in a new era of globalization, Rijela,
012011

informatics has been tied closely to develop in
technology, particularly the advent of computers, the
Internet and more recently digital imaging. It is apparent
that major drivers in the ficld included the need for
pathologists to comply with national standards for health
information technology and for telepathology applications
to meet the scarcity of pathology services and trained
people in certain countries or underserved regions. Our
predecessors are acknowledged for their insight, enduring
investigations and trials to show us what works and
what failed, and helping us solidify the curent field of
pathology informatics. This is a time of great excitement
and opportunity for our discipline. Advances in genomic,
molecular, diagnostic, imaging. and data analytic techniques
have allowed — perhaps for the fisst time - a glimpse
into a future in which hidden patterns embedded in
our visual (eg. WSI) and numerical (eg. laboratory
tests) data will be brought to light and exploited for the
bencefit of patient care. For us to face the challenges, 2
capitalize on the opportunities the “digital decade” of
personalized medicine, it is imperative that we face our
challenges and overcome ever changing barriers wi
same vigor and excitement displayed by those who
gone before us. The history of pathology informati .
story of us all. Those who have gone before us
tich foundation for us to build upon, but this
yet finished. We can be visionary leaders, bold ¢
and drivers of positive change throughout our ke
systems; in doing so, we have the opportunity to ta
desting of medicine into our hands. Or we can be conten
to be followers or even ignore the disruptive changes that
this history. so clearly points out are looming before us; this
being the path of diminishment and relegation to eventual
irelevance. We have the ability to write the end to this
story. Where we go from here, is up to us.
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