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ムを用い場合、経済性と使い勝手を考慮、して、パソコンテレビ会議システムにどのくらい解像度の静止画像が診
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像を評価したい。

c. さらにケーブルテレビネットワークを用いて、医用動画像及び静止画像の伝送を行いたい。

d. 中国における都市部及び農村部における遠隔医療の必要性の調査を行う。
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Summary 

Chest radiographs of 50 patients， including 25 wi也lungcancer were digitized at 100 

dpi resolution and saved in也eJPEG format at a low compression rate. Four respiratory 

specialists observed these images on a video-teleconference system display with 

800x600 pixels resolution. After one month， they observed original chest radiographs. 

ROC analysis wぉ performedof the釦 swersbased on a 5・pointconf・idenceSeale.百le

observer-specific Az index values for the video-teleconference system ranged企om

0.803 to 0.944， and the corresponding Az values for the conventional radiographs from 

0.926 to 0.957. No differences were found between the video-teleconference system 

image and original images， showing出ata video-teleconference system will be useful as 

a supplement to a diagnosis of chest X-ray films. 
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Introduction 

Most ofthe many clinics in Japan訂es包宜edby general practitioners. These clinics 

often need the real-time input of medical specialists suchぉ radiologists，pathologists 

and so on for the improvement of diagnosis and trea凶 ent.Until quite recently， it W:ぉ

difficult to obtain出iskind of specialized help. The real-time transmission of medical 

images to medical specialists and discussions wi也themhave long been sought "by 

medical practitioners. Now the rapid development of digital radiograph systems， digital 

data networks and video-teleconference so武waresh出 putsuch help within their reach. 

Medical specialists can also offer real-time radiological support and other assist釦 ceto 

medical practitioners using this new equipment. Such collaboration may lead to 

improved patient care and avoidance ofunnecessary patient transfers. 

The world's first medical-image transmission system w笛 developedsome出irty

ye訂sago， using TV camerぉ andTV signal transmission 1. In early trials， the image 

quality wぉ notgood enough， and the diagnostic accuracy of the transferred images wぉ

lower出anexpected. Now the transmission of medical images is possible via any of 6 

modes: (1) Internet， (2) Integrated Service Digital Network (ISDN) narrow and broad 

band， (3) public telephone lines， (4) cable TV networks， (5) communication satellites 

and (6) mobile phones2
• The rapid development ofmodern communication technology 
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provides medical diagnosis叩 d仕切.tmentwith new opportunities3
• Now， on video-

teleconference systems訂'eavailable at low cost to small and outlying hospitals. 

Considering its cost-e能 ctivenessand e出eof operation， we decided on a low-cost 

video-teleconference system which is able to transfer both still images and moving 

medical images through ISDN 64， and to allow collaboration wi也thoseusing personal 

computers. This system is extremely versatile and very eぉYto operate. 

Although a large number of studies have been done on the diagnostic performance 

of digitized soft-copy images on a CRT display， most of thern dealt with very expensive， 

specially equipped high-performance workstations. Therefore， we intend to apply the 

PC-based low-cost video-teleconference systern to the teleradiology systern， especially 

in this study， and we have evaluated this video-teleconference system for the detection 

and diagnosis oflung cancer on chest radiographs， using ofreceiver operating 

characteristic (ROC) analysis. 

Methods 

Video-l司eleconferenceSystem 

百levideo-teleconference systern used in this study was cornposed of personal 

computers (OKI， if station 5133)， a sc紅mer(EPSON GT・8500sc出mer)，and 
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speakerphQne. The PC-based videQ-telecQnference SQ食W訂e，PictureTelPCSlive50， wお

ins也lled，組ditwぉ cQnnectedtQ出eISDN netwQrk at 128 kbitls.百lepersQnal 

cQmputer systems used釦 IBMcQmpatible Qne wi血32MB RAM， 1 GB hard disk， and 

a 17・inchcQIQr mQnitQr， with a resQlutiQn Qf 800x600 pixels， and w;ぉ abletQ display 

16，700 di宜erentQf CQIQrs. 

. Case Selection 

Fifty chest radiQgraphs were selected fQr the study by an experienced physician whQ did 

nQt participate in the Qbserver perfQrmance studies; 25 Qf these radiQgraphs featured 

lung cancers Qf varying subtlety， including metastatic lung cancers， while the Qther 25 

were either nQrmal Qr had SQme lesiQns Qther出釦lungcancer. These radiQgraphs were 

Qbtained frQm patients hQspitalized企'Om1995tQ 1996 in the First Department Qfthe 

Intemal Medicine Qr ThQracic Surgery Qfthe NagQya U凶versityHQspital. 

Digitization and Display of Chest Radiographs 

The chest radiQgraphs were separated intQ the left and right sides， and were digitized 

and stQred separ剖elyQn the hard disk. This wぉ becausethe maximum size up tQ which 

出esc出mercan scan the image fQr digitizatiQn wぉ210x297mm. We used a resQlutiQn 
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of 100 dpi to digitize the complete chest radiograph in order to adapt the image for 

display on a 17・inchcathode-ray tube (CRT) monitor σig 1). When the radiographs 

were digitized， a specialist with no involvement in the present study controlled image 

contrast， brightness etc. to keep the image quality at its maximum.百len，由edigitized 

images were compressed in the JPEG format at a low compression rate， and saved on 

the hard disk.百leaverage size of the stored image wぉ 55Kbytes， and its r品gew.ぉ 6-

. 86 Kbytes. 

The digitized chest radiographs were transferred by the applic剖ionshare mode (a 

function of video-teleconference softw訂e)to the monitor for image reading and 

analysis (Fig 2). Between the initially digitized and transferred images， there were no 

significant differences in image quality4. In according to this， sep訂atetwo location 

obsetve the same quality image訂e也ought.

Observer Performance Studies 

F our respiratory specialists， each with more than 10 years of clinical experience， 

participated in the observer performance studies. For each observer， we previewed出e

image reading test composed of two reading sessions; in one session， the hard-copy 

screen-film images were interpreted using a conventional view box， and in the other 
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session， the soft-copy images on出e17・inchCRT monitor in video-teleconference 

system were interpreted. In the latter session， the observers were permi岱edto凶e也e

V訂iousfunctions with which the system is.百lerewぉ aone-month interval between the 

two image reading sessions. 

Al由ough血eobservers were informed也atthe chest images might contain lung 

cance丸出eywere not informed of由epurpose of this s旬以andwere blind to iridividual 

clinical information. They were asked to indicate the presence or absence of lung cancer 

on the following discrete five-point scale: 1 = definitely not present， 2 = probably not 

present， 3 = cannot be decided， 4 = probably present， 5 = definitely present. Reading 

time was not limited. 

To evaluate the observers' performance， the binormal ROC curves were estimated 

for each observer by means of the maximum likelihood method. The訂'eaunder the 

ROC curve (Az) wぉ used邸 anindex of performance. Az toge出erWl白血eslope釦 d

the intercept parameters of the binormal ROC curve when plo抗edon normal deviate 

axes were calculated for each estimated curve. The statistical significance of the 

difference between each pair of reading conditions wぉ analyzedby applying a Student t 

test for paired data to Az values. Here， a value of PくO.05wぉ takento be significant. 

For each reading session， the overall performance ofthe observers出 agroupw出
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summarized wi也apooled ROC curve obtained by averaging the slope and intercept 

p紅白netersofindividual observer's ROC curves. 

Results 

The reading time of the chest radiography on出eCRT display and light box w出 less

出叩30seconds for each cぉe.Fig 3 shows the four observer-averaged ROCもurves

obtained in the two reading sessions. The observer-specific Az index values for the 

video-teleconference system ranged企om0.803 to 0.944， and the corresponding Az 

values for the conventional radiographs were企om0.926 to 0.957 (Table 1). The ' 

performance for the video-teleconference system企om3 observers wぉ lower出組出at

for the conventional radiographs， but the opposite for the remaining observer. However 

there were no clearly significant differences between the video-teleconference system 

and the conventional radiographs (P = 0.07). Every observer wぉ satisfiedwith the凶 e

of the PC-based video-conference system. 

Discussion 

In any teleradiology system， the quality of the so武・copyimage on the CRT monitor is 

important. This image quality is determined by: the spatial and con位astresolution ofthe 
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~isplay device; background luminance level and luminance range of the display system; 

brightness凶 formity;ex凶 neouslight in the reading room; displayed field size; 

viewing distance; image motion and monitor flickering; signal-to・noiseratio of the 

displayed image; magnification functions; and也e凶 erinterfaces. 

The higher the resolution of the image on出eCRT display is， the better the 

radiologists diagnostic performance will be. 81ぉkyet al. reported由atthe di古erence

between a high-resolution workstation CRT display image and a conventional film 

images was often sma1l6• However， it is known也at也eradiologists diagnostic 

performance is not improved by improvements in the resolution power when the 

resolution is higher than 0.1mm pixel size (254 dpif. It is important in displaying 

radiography film that the minimum requirements be set拭 a0.2 mm sampling pitch (127 

dpi)， 10 bit densiザsamplingresolution for digitizing， and 1 OOOx 1 000 resolution degree， 

and 8 bit resolution in出edensity direction. However， the above-mentioned factorss 

make it difficult to define the exact requirements for image qualitya Physicians who 

practice telemedicine should be aw訂eof these differences in image quality and adapt 

their practice accordingly. A physician is as liable for a diagnosis based on transmitted 

X-raysぉheor she is for one by normal X-rays. Moreover， the complete chest image 

digitized剖 127dpi c出motbe shown on a 800x600 pixels CRT display of the kind 
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'!lSually used. Therefore， it is necessary to select the spatial resolution appropriate for the 

PC-based video-teleconference system. 

In a system built around a personal computer， the resolution of most CRT 

monitors is 800x600 or 1024x768 pixels. We scanned conventional radiographs wi也a

resolution of 100 dpi， and displayed them on出e800x600 CRT display in a PC-based 

system， and found也前也equality ofthese soft-copy images wぉ slightinfenor to也at

of conventional radiographs. In fact， the performance ofthree observers ofthe video-

teleconference system was lower than th剖 whenjudging conventional radiographs， 

although there wぉ nostatisticalIy significant di宜erencebetween the CRT images and 

the conventional film reading session. 

System based on the personal computer in this study is not expensive， so it will be 

readily affordable by cIinic offices of general physicians or in the outlying hospitals. 

Further more， it is reported出拭interactive，low-resolution telemedicine is valuable for 

consultations between generalists and subspecialists8
• In the present s同dy，every

observer was able to indicate the site of the lung cancers， and to describe their sizes and 

shapes. All observers read each image within 30 seconds. 

In telemedicine， the time for image-file transmission should also be considered. 

The transmission ofhigh-resolution digital images required a longer time comp訂ed

10 

」



}v1也low-resolutionimages. As the time of a transmission image is important for 

collaboration， the shorter the tIlne needed for image-file transmission the better. In our 

previous study， we found a close relationship between transmission time and the size of 

digital images
9， and也atthe time for a transmission image of 800x600 pixels w;ぉ 110

seconds by using ISDN 64. Ifthe chest radiographs are digitized at 100 dpi and也en

compressed in JPEG format， the range of file size w;出合om6 to 86 Kbytes，引出m

average size of 55 Kbytes. Even the maximum file (86 Kbytes) wぉtransferredwithin 

43 seconds， a tolerable time for a PC-based video-conference system.ηlUS， in terms of 

diagnostic performance and transmission time， the PC-based video-teleconference 

system will be acceptable for the consultation between generalists and subspecialists. 

Conclusions 

We evaluated the diagnostic performance of a PC-based video-teleconference system in 

the detection diagnosis of lung cancer on chest radiography. There w邸 nosignificant 

differ:εnce between the results of a PC-based video-teleconference system and the 

conventional radiographs， suggesting出atthe diagnostic performance and transmission 

time in a PC-based video-teleconference system would be acceptable for consultation 

between genera1ists釦 dsubspecialists. 
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Captions for Illustrations 

Fig 1 

百lepresent video-conference system， and presentation of chest radiographs on the CRT 

display. 

Fig2 

The observer wぉ readingthe soft-copy images on the 17・inchCRT monitor in video-

teleconference system. 

Fig3 

¥. The combined ROC curves of the CRT display image and the conventional film. 



The chest radiographs were separately 

scanned into the computer in the le白

and right side by side at 100 dpi 

The digitized left and right chest images 

were displayed side by side on the 17圃inch

CRT display 

The present video-teleconference system: 

1. OKI If station 5133 PC 

2. EPSON GT -8500 scanner 

3. The speakerphone 

4. The CCD camera 

Fig 1 The present video-conference system， and presentation of chest 

radiographs on也eCRT display. 
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Fig 3 The combined ROC curves of the CRT display image and the conventional film 
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