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A o o telemedicine las been present o uid divs, and o casionatly the

necessity appested in pravate and pebiic ives. Recentlvowith the progression of

intormiation wchoolegs (1T telemedivine las been of
medical Held By aiso to the govermeent (g W LL Telemsedicme in ]n;mn i
comprised of mandy three Lactors one s telehomecare, the seoond is Leleradiol -
vy, and the third is telepathology i which pathological andfor cytologivel images
are translerred trom medical institules 1o the pathologists in remaole institutes
by cables {Fig, 10.2), Several causative factors that promote the felepathology in
Lapan are uan%}daiu! as shown m 1 g HL A Cipe of the maost ing portant lactors
s shortage of diagnostic pathelagists. Before addressing telepathalogy wselt,
It is importaant o get @ gaick overview of dingnestic pathology in Japan, Ther
Charucteristic of lapanese telepathology is intreduced and discussed from the

medical, coomomical, and technologieal aspects Tor nest development.

10.1
The Present Conditions of Japanese Diagnostic Pathology
and the Background of Development of Telepathology

fn 2004, there were 1900 disgnostic pathalogists ;'m:{.v;mxrd by the fapa
aese dociety nf Pathology (158), accounting tor only 0.7% of the mhi nunher
of phvaicians in [apan and showing only minmmal growth Jih FOLAY This s the

most severe doctar shortage of any hud it lapan, followed in anicr by pedia

trictans, OB/GYNs, apd anesthesiologists, As itlustrated E”L 1.5, the raio

of pathologists 1w the general population 1s only shaul 20% of what 1t 5 in the
United States, Patlwlogists have tradittonally performed autopsies, hiupsies,
cytochingnoses, and intraaperative vapid diagnosis, More recently, pathologssts
alse vun dlinicopathologival conferences {CPO] Tor rosiderts and dinicians,

isg!

Fhe most recenl available ISP study shows that fapans pathologists pesform

2000 aulopsies, 3.5 mrilbon bigpsies, ¥ million ovtodiagooses, and 100800

2

i
rapicd dingroses snnually, All ot ’:u':« dutios are incrvasing exoepl autopsics

veur by vear (Figs BG) bt the pathelogists and theirworks has not been well

mterest nod onby o the



JARASHI bawiyi

3

AW hat s Telemedicine

Fég‘ 1[}.‘\ & \"s‘i%.‘:‘: 1\ (1}]5:%’1:L*(l;ig"a|§x)':" 'Hj(_‘ L.lﬁ:;c,vt“zﬂ “!. !C!c,’tll&‘th\ fllt; bz‘n\-x'» {?\L'riz il,‘;‘*,é’“! 14 (j.‘\:f. Ol i.:]

fife ooy the ofd davs

o Sentder (Fhysician Sie)

Fig, 102, Telepathofouy systegr via ISIIN, This stil iage sysiem 15 oW e st

ing hypesnd amoting

Plhis svstem is introduced i 1992 between Toboku University iy Sendal ity and Koritsu-

p 75 of all syestenss i lapan. The pictures are transferred vin ISIIN,

¢ 1 2+ Ny Blace - e % - SoEne . 7Y Y fpudcus 1 oot T
Kesestntma Hospital in Kesenmuma iy in cestal region. bt Hrkm distance
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recogiized i Japanese society in spite of thew impoertant roles ¢ Fig. 10.7). Foa

exanple, the situation in northern pars of fapan (Tohoko Areay is illustrated

i Fig, 18, Desprie having 868 hospitals with 200 or more beds, full-time

pathoiogises are almst osciastvely contined o aniversity hospitadsand major

$ vt o F . dowsy e
hospatals i the prelecturad capiads, Faen large
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Fig. 10.6. Nmbey of pathologica duties in fagan, Pathologists daties are oomprised af

biopsy, Crlafugy, fzen rapid dizgnosis, autopsy, and chnicat parhologival conference. The

urnsher ol dities increases yeur by vear except iy

For this reason, hopsies and eviodiagnoses are often vutsourced Lo univer
sity, public, or private lab mu[smux Generatly it takes about several days o week
to pet a diagnosis, Under these cireumstances, s mpossible to perform intra:
GPerativey rmui itgnisis lm decision of a next surgical slep, especialiy on a
cotofl margin, wid has been Teft to the experience and intuition of the surgeons,

as shosvn an Fig, A9 A veteean SUTELOITS ;mimnc'n can be aucurate relatively,

baas. s case of pew aned inexpevienced cases or LTS \sul\ anclear bowndaries,

even experienced surgeons hesitate to carry out he operation. Tumuas not fully
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tive diagnoais o all opedions s 5% (sunieans comnent]

excised will surely recur. From a survey of surgeons with 15 or mire years of

experience, it was revealted that 3-10% of past cases {3% on average! requive the

itraoperative rapid disgnosis (Fig. 10.10],

10.2
The History of IT and Telepathology in Japan

-

The background of tefepathology developnient in Jagan s shownin Fig, 10,3,

+ ¥

Amnng themm, most noticeable and inlluential fields in development of infornution

technmlogies are the spread of the nternel, Microscapic imaging, for cxample,
faal B 3 3



e enormes advances wilh the disatizabon of imaves, and it bas bocave

j;"{)ﬁﬂ'?L' o quickhv and casilv transier images o dstion locations, However
pathologists who diagnose by ophcal microscopy systems have felt a great deal of
reststance fo e only disgnesis, more than troublesome, and notsutlicicr !
‘.lc\c-lul‘»-;wi systems, Indeeds early telepathelogy images were vastly inlerior Lo

scroscopic mntges and had sk o misdisgroses, An additonal problem was
z?uz it took o tonger e to diogmose with still images compared with opticsl
mvcroscopy. aod the ristiation occarred to both diniciars wnd diagnostcans,
For these reasons, miany pathelogists were not enthussastic ahout the practicaliny
ol telepathology, ,

I JUsT, what wis [",u{‘l.z”.*]}' e worlds tirst Ix'h'”,t!‘l‘.lr?ui;:- in cofor UNpIRT
sent was careed out by D Phiroshi Sak .,.,;:&h, of Neio Liniversity in i'uimw
[7]. This test oked the university 1o hospatal in Hachioji (also in Tokval,
A guarter century after this experiment using snalog phone lines, fiber optics
and digital images are becoming the narm, Almost a decade later at the 2ad
fapan Aedical Congress in 1991, the kvoto Pretectural University of Medicine
linked with Yosanoumi Hospital ton the Japan Seaside! to demonstrate wlepa-
thology, which was subsequently added to the wsiversity’s normal aperations,
The National Cancer Center sl hooked up its main hospital in Tsokiji, Tekyo,
with Hospital East in Kashiwa, Chiba, and Yamagaa University connected its
Faculty of Medicine with the University Hospital vinoptical Giber. Hu Inﬂu winy
year at the 81stmeeting of the ISE Tohoko University was Hnked with Seadai
City Hospital trough oplical tibers tor a video (motion piatured rele jmllmlm-
experiment 111 AL this stage, vach tacility was researching and developing its

own ielepathology Tormats,

10.3
Recent Governmental Policy and Activity to Telepathology

Recentiy, the prevalence of telepathology has been accelerating, Among the
changing societal factors tor the development of telepathology are continiing the
condition of sluntage of diagnostic pathologists (Rig. 1043 the prevalence nf
the ternet, wind the sucietal shitt wwmputam\:luns n sociad activity, inchad-

ine medicad filed. mesticalaccidents, and patients” increasing desire fora second

<

4

opimion. tn addiion, the establishment ol @ Telemedicine Rescarch Commitiee
are Ministre {the current Ministry of Health, Labor,

by the Health wnd Wl
and Weltare, or MLHW cannot be ignered. The rescarch group, nitislly
headed by D Shigekolo Kaibar of the University ol Tokyo {currently dean
of the pradoate school al the hiternationad University of Heaith and Weltare),
rosearched homecare, wferadiology, and telepathelogy, Another significant

event in the history of lepatholowy came 1o 2000 when telepathology was



lagassl hawyg

mcluded as ar insured headthe-care service, This was follawed by the expansion
ol diagnostic lacilities in 2002, The MEHW S ailicial acceptance ol lepathology
represeited a change from sts previoas policy ol recognizing only direct. face-
to-lace medicine. and this was o maior impetus for the spread of telepathol-
opy. The telepathology research committee supparted by MEHW defined that
tedepathinfogy is to do something related 1o a medical action wssocialed with
medical praciice. education, and research trom the distantaren on the basis of
informaion of macro- and microscopical iagees,

Although sose aspects of telepathology such oy added fees required tar
equipment snd telecommunivation are still undear recent surveys have shown
that the wsage of telepathology s steadily, although gradually, increasing, In
2004, 55 facilifies were Hnked with 120 hospivals and clinis to provide telepathao-
logical services tor pearly 2,600 cases {Figs ETL Apart from the telemedicine
rescarch group supported by the government, pathologists, physiclns, cyvtolo-
giste, vendor, and developer of private company established the group named
the "fupanese Research Society ol Telepathology and Telepathology Intormaties”
CRSTTDY in 2000, had wade « guidehne tor lapanese usage in 2003 {19] and
changed the name w the “Japanese Research Society ol Telepathology Virtual

¥

i
Microscopy” (JRST ¢ VM), now examining a guideline for o telecytology and

application for victwal microscopy.
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I Barope and tie United States, telepashotogy is used widely in consubia-

fians, but i japan, st is overwhelmingle naed foar maraoperative rapid diag-

fusts (13, 10125 One ol the reasans for this ditterence is that telepatlingog

i Japan began from rapid diagnosis under the auspices of the ML, £

¥

intensive government support for telepathol

s Characterstic and may be

ditterent from other countrivs in the world, the other rcasen lor development
is the fatenl clinical desire Tor rapid disgnusis tor telepathology. In the fulure,
because ol patients” increased consciousness in medicine and a s pae ol recesil
medical lowsuits, it seems Jikely that telepathology will be used increasingly in
comspltations and second opintons and other purpases relating images.
Generally, rapid tele pathological diagnosis is used ¢ for diagnosis ol malignans
turnors amd miehastinds, Jml for conlirmation of cutoll mun?m whether timor is

still lelt or not (Fig, 10,13 L L heres intraduce two surgical cases, viw isd need

for a« turther resection ami the other is finished without additional excising in
ashort time owing to diagnosis of telepathology i Figs, 10,14 and 10,151, These
are the large benefits of telepathology viewing from the point of medical and
econumical aspects,

[n the past, the MLHW requtx!cd a study of the relationship benveen rapid
diagnasis and the recurrence of timors. In other werds, the ministry wanted to
kriow with what i’x'mp.gu*ﬁcf.- cancers recureed, as rapid diagnosss had not been

'p:;'.rihmm_i When it became clear that there was 1o hope of covperation from

n=23
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Cnfitiintion on
difBondl vases

«, Camlvrepees
18.4

N by

Thg iula‘i‘-_’ heduigy is wsad fov inteanperata e repidd

STURCE




Fal aliig boneas

(7 b4
™ n= 6
[SUTS
Penton e malanand
Sebastasis
47.9 ! i Stroisu ] meyroam
& g [Hagnoss
2.6 : : 7 rassplanfation

o ohers

Fig. 10.13. The purpose of intraoperative rapid dugrosis, Tiagnosis whether the lumaor is

malignant or hemgn, confirmanon of metastizs, avl crlolt margu are maier purpses of

intraoperative rapid dizgnoss o decision of neat step guiskly

Stomach cancer
Sh-vear-Male

perfornted in telepathologe, The patient was 4

Fig, 10,14, Iulranpetative rapid dia
i faviic

Shyvear-old mate. Bie nirderseent the operatian Yar stomach canver. ltraapaage

i,f
Gldid-

posiy in telepathology sesealed Hhe canver residae s cudofl nargie al esophago-aandiag june:

tromny, andd turther excising was perlormed
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G- Feniaie
Clin, Dt Curomaimse of gomyman Isle duey

Pathol, Diag Ademisna, oot maliznanst

TS Tntraoperative rapid diagoosis by wlepathology, The pationt was a sievear
old temale. She underwent the operan

i tor warckiomi ol common hile duct Tnbruopers
live sjuiih dmgi‘;{uis f!‘}'- l:’,i"‘allsitlii.'g.:; shosed that the mor was adepoma, not m]?@g:];_m;-.,r,

againsd prevperative clisical di s Crperation was Grished withiut Tsther wide o

Py, She is well pivw

medhcal practitioners, the ministry asked. mstead, for a report of the percentage
of surgecns’ reguests oy rapid diagoosis, Improperly or incompletely remoyved
twmors abways recur, endangering patient’s fives, But that is nol all, Recurrence
shviously plices enormous physical and emotional burdens on patients il
their famibies and also wastes valisble owedical time and resources. Sundies have
shown thal initial operations v gas strointestinal cancers like stonmch and coton
cencer cost about $18,000 (Lidhle 10,17 and that subsequent !huz’;‘xpius in the case
of recurrence are ever less expensive, On the contrary, Tan H’hl ang tu;ﬂ
fitory surgeont reports that using video-assisted thoracescopic surgery 'Z,‘u\

for s rapid Jung cancer diagnusis and oflowed by Ls excision of the sume pathss
iug;gﬁ fesion, i necessary, lead to a saving ol & 50 compared with performing
twr separate surgecies [1al From these fucts, iU s dear that the pathological

niraoperative mm“ diagiinsis not HHQ\ auproves in paten s prognnss but also
Brings an economical saving as intensively desived by the MLHW,



Table 10,1, Payment for hospitalization of carcinoma opomtmn and the recur-
rence

Agelyear) - Disease fresult) Opetaling Hospital stay  Hospital

aiSex)ie i a s : “armood 2 fmentlss) fee (8)
&7 {male) Colon canpcer Colectarmy 2 11,360
Pecurrences (dead: e {-} it 18,453

55 imalel Stamach cancer Total gas- < 19,600
LorECtamy
Recurrence (deac: Ope{-} 2 9282
after 1 yeirl '
a3 imale) Ssomach cancer - Towal gas- 2 23,905
? tareciomy
Recunence (dead: Ope -} 1o 10,124

alter 2 yoars)

Charge to be paid is not o different between the firct operation and the recarence, thit
i tu say, the recurtence of tumor brngs alarge pronomicat burdsn aswell as tune, loborn,
and patient’s life

10.5
Development of infrastructure and Telepathology
'S'yisteams m }ap‘an

Telepathology systems require botly hardware and soltware. Hardware is
maindy 1T dependent, including comnumnications infrastructure, digatal cameras,
computers, and microscapes, Software applications provide the toals to effec-
tively use this infrastructure. In its infancy, telepathology relied entirely on -
analog phone lines. Integrated Services [igital Network (1SIXN) subsequently
became availeble, then multiple ISDN lines were bundled together, and most
recently the ficld has begun to move o asymmetric digital subscriber lines
(ADSL) and optical liber coble.
the amount of transferable data (Fig. 10,161 Mobile telepathology s also

These h:w‘lnpn’crm have vastly increased

being developed, Although it initially relied an communications satellites,

mohile telepathology beselits from the technoloeical advances scen, for exam-

&

ple, in mobile phpnes, wlhich are now abile to receive nwge dala an the aiove.

e :

However, sssues including image quality, operability, and internaiionalization

pesinain wnreselved
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Fig, 10,16, telepathology system Guppert and network deselopment Uoieery In short time,

network cable bas developed frop snal

og cable throngh AN, ADSL, (o ecent opticdd Hber

n=23
10%)
| ISDN

Dedivated hnes

Alwaysnn internet

o

S Optical fiber

Anulos line

Fig 10170 The ifrastractorsl caldes used for telepathology 20021 Although the ISDIN wae

miest whilized cabde Tor telepathedogy in 2063, the Prasdband $ADSE and opticad fiber} ma

take place now, ingluding still, video, snd virlual prctores m g short time

A sl i Fle, 1,17, rather old data, the overwhelmibnge nwmiority of telepa
i SRR ) i

Hhodogy systems rely on the transler of stll images over INDN lines. Although in

st cases the pathologists on dingnostic site is able o seleet the fiekd by remote
control, seme systems sall require the physician who requests the disgnosis on

sepding site to aperate svstem by himsell Anatog relepathology formats using
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telephone lines still exist, but they are disappearing rapidlv in Japan. In their
places, tormats using broadband Internet connections CADSL and optical liber)
have appeared, and, in the contest of Japans - [apan Strategy and w-Japan Policy,
expectations are high for their future progress, At the end of 2006, about 26 million
fammilies subscribed for broadband usage CRig. 10085 In particular, video telepa-
thotogy via optical fiber allows the dm;(_;nmtm'm lo sefect the viewing helds
recly and operate the equipment by themsedves, meaning that the observation
process is nearly identical to checking specinens ander a conventional aicroscope
directly (Fig. 10.09), This video telepathology has brouglht astonishing effect on
saving time for intraoperative rapid diagnosis, as shown i Table 1002 [15],

10.6
Telepathology Applications in Medical Field

As noted carfier telepathology is currently being tsed i imnaoperative rapid dia g
nosis, provision of second opinions, um-:u]mlmh s and conterences {Fig. 1000

Hapad diamosts employs telepathalogy o dingnose whether malipnancy or not,
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Table 10,2, !ﬂtfa'mpéraiiwz 3 pid disgnosis by videa image via optical fiber
Telepathology via video system (11.1.2004 10 1.15.2005)

No.  Organ o Sample  Time Dfagr}_gsis. e
: : Slze {mm} {min} SSRa e

i Nargin, pancreas 20%15 3 No carcinoma infiliration

2 NMargin, stomach 8> 20 3 Mo carcinorma infiltration
3 Maigin, stermach 5% 35 6 Mo carcinema infiltration

4 Margin, stomach 0x7 6 Mo carcinoma Infiltration
5 Margin, stormach 12 %8 4 Mo carcinoma infiflration

Mo carcinoma infiitration

3
P
Ll

& Margin, dusdenum 3285« 9
margin, psophagus

2 Margin, stomach 5410 7 MNocarcinema infiitration

Mo carcinoma infilteation

Tokd

a Margin, pangrias 20= 15

Mean time—a, 2 min/slide

The pathalogist can freed et the vistal field as woll a5 adjusting the focus of the slides

clises on the tabie of aptical nucrmscopy fram the remote ipstitute as if SEEI) e opli-

cal micres

py ditecty, Mean trme of invraoperative rapid diagnosis by vides imags is

arepmplished i 44 min/case very shonl comparad vl sl image in 35 eundcase
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et delepatiedagy i Ligan

shisdsarca in fapan.abent 2000km evay fronoer PWATE Medical Liniversity,
Ll u[uh il Gher,
lelepathology ss applicd for community medicine and tor the teatirents in

many felds, One of 1hentis oy operation of pulmorary cancer 11, associated
with smoking, which is increasing in pumber Dwonien i particulard. Another is
transplant medicine (43], for which there are not enough speciadists i Japan.
secend opinions are oten souglit regarding surgical procedure in hemopathics
requiring emergency treatment, ind broast cancer or rrostatic cancer. Recenthy,
the tefecytology has also been paid attention vis tnternet t.‘.]'up wal fiber {21.25].
For nosy, suffice it o say that « lepathology is effective i many situations and

<

aifers outstanding medical and coonemic benetits,

10.7
The Telepathology System in Future

10.7.1
The Government Strategy to Telepathology

5

As it is impossible (o increase the number of pathologists rapidly in the
near future in Japan, telepathology tor elevation of a medical level is neces
sary, Japan's e-Japan Strategy and u-lapan Policy assure that the nation's opti-
cal fiber infrastructure will continue 10 grow. Given this, discussions on the
future ol telepathology can be predicated on the existence of mcreasingly uni
versal broadband telecommunications. It seems likely that, depending on the
vable infrastructure of optical fiber telepathology using video (motion} and/
or ity stll tmages ony well hecome the norm, On the while, virtual micro-
scopy, inanother word. the digital microscopy, bas been increasingly inteo-
duced recently izs Japan, begause the MLHW endeavor 1o promote llsu cancer
control strategy™ in which digital microscopy is recommended for establish-
g the consultation system via web servers (Fig. 10210, MLHW established
the new group for standardizing the medical Jevets, including diagnoses and
therapeuatics. By the governmental quick action, about 100 muiu.&l mstitutes
introduced the d.tfs,zml microscopy in only half « vear. Probably the number of
Jigital zni«:‘nﬁxmpeﬁ in fapan is second next to USA in the world. This digital
microscope is aiso available lor the education such as histological and patho-
togical studies and already used in several medical schools, which has § bromght
the discussion, in medicad education, whether traditinnal optical micr NSCOPY
is necessary or not in the practical taining lor medical students [2,17,18].
However, the digital microscope now requires a long time 1o Ioad the Emages

tor using mtraoperative rapid diagiosis,



