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ABSTRACT

As hospitals geographically spread and tadiologic services are required in remote locations, the radiologist
increasingly must conduct a remote practice. Rapid iinage transmission from the remote site to the tadiolo-
gist is important but ohly half the problem. First, the taglologist may need to view and discuss the images
with the technologist to verify image quality or to specify the location of follow-up images. Second, the:
radiologist may need to discuss the case with another tadiologist for a second opinion or for the advice of 4.
sub-specialist.” Third, and most importantly, the radiologist may need to discuss the case with the refetring

physician to better understand the text dat, clinical history, and referring physician's clinical questions and
concerns, and to better convey the location and extent of the clinical findings.

In this paper we detail the tequirements for a remote consultation workstation, present previous work on re-
mote computer intetaction, and desctibe the FilmPlane remote consultation workstation in detail. We then

discuss the MICA medical communications project in which FilmPlane will be used fot 4 temote consulta-
tion study between the UNC family medicine clinic and the main hospital 1/2 mile away.

1. BACKGROUND
1.1 Consultation in Radiology

Radiologists consult with radiologic technologists, other radiologists, and teferring physicians. These dis-
cussions revolve around medical images, so they require both verbal and visual communication. :
Radiologists may consult with technologists for several feasons. Radiologists generally supetvise technolo--
gists so they may need to view the technologists' work befote releasing the patients. Further, some radiolo--

gists, such as mammogtaphers, must be able to review the films and communicate to the technologist which

anatomy needs to be visualized on follow up films. :

Radiologists may also consult with other radiologists for an expert or second opinion, Radiolo%

eral practice may wish to consult with a sub-specialist in a tertiary-care center to pather more information

about a difficult case and sub-specialists inay wish to consult with other tadiologists to gather a second

opinion or for periodic quality control. All this radiologist-to-radiologist communication will re1uire each
t

party to be able to talk with the othe, to see a quality high resolution image, and — most importantly — allow
each person to point out image featutes to the othet.

ists in gen-

Finally and most importantly, tadiologists need to consult with referring physicians, such as family -
medicine clinicians in a remote tural clihic. Fitst, a pre-interpretation consultation may be required. For ex-,
ample, a family medicine clinician may have a patient with a possible broken bone and request a quick "wet
read” from the radiologist befote releasing the patient. Second, a rost-interpretation consultation may be
used to allow the teferring physician to bettet understand and visualize the interpretation results. Third, the
surgeon may consult with the radiologist 4s part of the surgety planning process.

‘T'hus a electronic tadiology workstatior must be able to provide context and detailed information to both the

radiologist and consultation partner, must allow both parties to control the field of view and to point to par-'
ticular anatomy, and must allow both to adjust contrast to enhance viewing various anatomical objects.
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Verbal commmunication is essential between the consulting parties. The ability to see the face and gestures of
the consulting partner, while not essential, would be desimgle d ® e

1.2 The FilmPlane Radiology Workstation |

|
During the last six years, the UNC tadiology wotkstatioh project has developed 4 seties of FilmPlane radi-|
ology workstation prototypes!. FilmPlane uses a microfiche inental inodel to navi

| ' : ation over a large two-
dimensional surface containing all the images in the patient's image folder (Figure %). Each image study i$
organized into vertical strips with the newest study on the left. A Navigation View displays
stamp" miniatures of all the images in the patient's foldet, with each study organized as vettical sttip of
images. A Viewport shows a portion of the navigation view that car then

displayed at full resolutiot i
the Detail View. The mouse can be used to drag the viewpott to another portionpofythe navigatioh view to!
display othet images at full resolution in the detail view. Additional function is provided to scroll the detaili
view up, down, left, and right. ' |
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Figure 1 ,
FilmPlane Navigation View, Detall View, and Viewport.

. |
FilmPlanell is implemented in C++ and the X windowing system under UNIX operating systems on Sun
Microsystem and Digital Equipment workstations. One of more 8bit framebuffers can be connected to the
workstation to provide a faitly low cost multiple-monitor interpretation environment. UNIX memory map-
ping is used to speed startup duration. There is exactly one viewport and cotresponding detail view for each'

momitor attached to the wotkstation. Each monitor can be toggled by the user to show either the navigation’
view or the detail view corresponding to that monitot. ‘

FilmPlanell uses 12-bit CT, MRI, and plait film images in the UNC Image Library format2, Images are
stored in the X client process in 12-bit per pixel form. Bach image and study Is associated with a look up

table realizing 4 uset-adjustable window width and level setting?. Bvery time ant imdge is displayed, all the!
pixels in the itmage are put through the window width and level lookup table, moved into a buffer, transfered
from the X client ptocess into the X servet process — usihg the X windows MIT shared meory extension
software — and finally moved into the framebuffet fot display. This process provides for & 1/2 screen scroll!

in about 1.1 seconds with a Sun SPARC 2 workstation. Figure 2 shows a two screen vetsion of
FilmPlanell. !
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Figure 2
FilmPlane Navigation and Detall Views

1.3 Computer Supported Cooperative Work

Computer supported cooperative wotk (CSCW) is 4 growing ared of interest within computer science in

general, and human factors and computer human interaction (CHI) in particular, with at annual conferetice
devoted to the topic.

A great deal of this work focuses on sharing visual information spaces. TeamWorkStation* and MERMAIDS
use workstation windows to show vided images of tollages duting cotripitet-supported video-confetence. .
Other windows allow the shating of information from drawing aitd writing packages, 4s well as other appli--
cations. The VideoWindow system$ can link two tettiote tooins by providing an “electronically shared .
wall". The developets #t Bell Core hope to take the users feel that the remote tootns are linked so well that’
they are almost a siiigle toom. Such techhology ight be useful to link tadiologists in 4 hospital's teading

room to their colledgues in anothet reading tooin in 4 temote clinic.
Other tesearchets have used anthropological ot coordination? approaches to study the organizational pet- .

sonal, and interpetsonal asPects of local coopetative work — both computet and non-computer supported —
to gain an understanding of the requitements fot CSCW systems. :

3. REMOTE CONSULTATION WITH FILMPLANE I

A workslation for temote consultation about tadiographs and other thedical images will have to contain fea-|
tures fromm both shared-visual-informeation CSCW 8ysteths and fadiology image-itterpretatioti workstations.
Like visual CSCW systems, the radiologists will heed to talk with each othet while lookiing atid poititing at’
the visual infotmation in the patient’s folder, However, the tetnote consultation fadiolog wotkstation must
also provide image havigation and viewihg tentures including sufficient resolution for the radiologic task!,’
apptoptiate preset and dynamic greyscale imahipulationt, 8 well-desighed intetface that minimizes radiologist
cognitive load, sufficient display ared ahd miniial tespohse titne. To reduce ledrning time and intetference, :
the remote consultation wotkstation should be similar to that of the single-user radiology lntetpretation'i
workstation. .
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To provide a remote tadiologic consultation etivironment, we extended the FilmPlane 11 tadiology worksta-
tion softwate to provide the ability to allow tadiologists to sharé viewports and detail views, and to see the
location of thelt colleague's cutsos, FilmPlane 1l allows 8n atbitrary number of wotkstations to be cotifig-
ured into 4 inultl-user femote cotsultation ehvitoniment. Bach wotkstatiot cat have an arbitraty htiber of
monitors. Monitots — of more precisely, the related detail views — are linked according to their left/right

order and related to viewpotts in the navigation view. Figure 3 shows one possible configuration for a
two-party consultation where both workstations each have tl%tee monitors. p & %
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FilmPlane 11 configuration for remote consultation
with two workstations, edch with two mohitors.

The consulting usets heed 1o be able to talk to each othet, Verbal communication in out temote cotisultation
environment i8 provided by conventional telephones with head sets to allow for hands-free operation. A

real-time video image showing the consulting-parinet's face could be tade available in a separate monitot ot
eventually in ah Xwindow.

The consulting users need to be able to indicate spatial locations on the images cotresponding to vetbal pro-

nouns? (e.g. "look at this!"). Futthet, they ieed to be awate of the commands and actiohs the other user(s)
are taking to be able to undetstand the behaviot of thelt display scteens. In short, the usets need to be able
10 see the locations of the cutsor of each of thelt totsultig pattnets. Figure 3 shows each users' cutsor a8
an arrow. Howevet, each wotkstatioh also dlsg(lays the location of the other user's cursor 4s a plus sign.

These "ghost" cursots are implemented as tiny X windows that tnove in syn¢ with the actual cursots from'
the other screers. :
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CSCW researchers have proposed a number of control mechanisms to allow multiple users to conttol a sin-
gle application’. A "chalk-passing" triechanism is analogous to a numbet of co-workets using 4 single
chalk board to facilitate a joint project. In this ahalogy, "passing the chalk” inplies passing system cohtrol; 4
chalk-passing schema implies that only a single user controls the interaction at a given time.

However, the chalk-passing aYproach imposes a structute to the dialog that may get in the way of the con-

sultation. Therefore, we have initially chosen to use a "Pandemonium" approach whete any user can invoke
any command at any time. This amroach allows # mote free flowing dialog, but may fail with certaitt ton-
suitative tasks or personalities. Field testing duting the initial gle\ase of the MICA project (detailed below)

should allow tis to determine which of these two methods will be tmost approptiate for tadiologic consulta-'
tion. ‘

4. THE MICA PROJECT
4.1 Introduction

‘The Medical Information and Communications Application (MICA) pm{ect is 4 cooperative research prolject
which will stud{ and test concepts to allow effective human interaction in an ehvironment where physicians
and other individuals are ih separate physician locations. Huthan interaction includes the exchange of both
spoken and visual information. Effective interaction #ctoss distances tequire communications systems
which provide sufficient utility in a number of mediums including voice, still images, and video. -

The MICA project will conduct research into and demonstrate interactive consultation over distaices using a
public Broadband-ISDN communications netwotk. The project will test some of the critical technologies
and hutnan factors essential for remote consultation. Under the MICA project, systems will be developed
and tested to acquire, process, store, tetrieve, and dlsrlay medical image information among thultiple loca-
tions. This research will be conducted at the Univetsity of Notth Catolina at Chapel Hill by the Biomedical

Engineering Communications Research Facility and the UNC Department of Radiology with tietwotking
assistance from BellSouth Services and Fujitsu Netwotk Switching.

4.2 Medical Application

The MICA project will take place in a clinical setting in the facilities of UNC and the UNC Hosgitals. The
Family Medicine Centet is a tecent addition to the UNC Hospital system. It hds been established for pa--
tients who requite a lower level of care than that ptovided at the cote hospital. The Family medicine center
is located at the petiphery of the UNC campus, approximately otie tile from the main hospital. The Family
medicine Center has plain film cquiﬁment, but relies on tadiologists located t the hospital for image inter-
pretation. Today, this requires that the plain films be transpotted it batches in 4 van to the hospital. Patients
may be sent home only to have to teturn the next day whett 4 ptoblem is discovered during interpretation.

MICA will enable # radiologist to conduct # "wet read" and a patient's physician to study and review the
films with a radiologist during the patient's visit.

In a typical scenatio, conventional film-based tadiographs will be taken and developed at the famil
medicine centet. These films will then be fed into 4 film ifmzer which cotiverts the image into 4 200 mi-
cron digital format. The digital reptesentation of the lma%e s fed through # local display workstation which
accesses the B-ISDN fietwork. A cotinection {8 established by the local wotkstation through the B-ISDN
network to the atchive workstation i the Blomedical Bngineering departinent. The archive system pro-
cesses the image into the proper format fot storage and display purposes.

The radiologist, wotking at an image disﬁh‘{? wotkstation in the main hospital will retrieve an image or a
series of images from the archive using the FilmPlatie 11 tadiolOFy workstation and the B-1ISDN tietwork.
Once the radiologist has examined the iages, 4 totinection will be established by the radiologist to the
physician at the Family Medicine Center for 4 coisultative session using the temote consultation featutes of
FilmPlane I1. During consultation, hand-free telephones ot headsets will be used for voice contact.
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4.3 Com‘munications Network

A remote consultation system must have a communications netwotk capable of transporting and switching
high speed information over a wide geographic area. A primary objective of the MICA project is to demon-

strate that a public switched B-ISDN network is well-matched to the stringent communications tequirements
of an interactive image-based consultation system.

Interactive consultative sessions require high speed communications to transfer the large amounts of infor-
mation that define an image. The B-ISDN communications links used in MICA are capablé of carrying in-
formation at data rates of up to 155 Mb/s. 1t is an objective of the MICA project to develop 1?{3 speed
communications protocols which support effective image and file transfers across the network.

The demonstration B-1ISDN network is provided by BellSouth and Southern Bell in Chapel Hill in conjunc-
tion with Fujitsu Network Switching of Ametican Inc. in Raleigh NC. A Fujitsu FEDEX-150 switching
platform providing 155 Mb/s B-1SDN services is connected to the UNC hospitals complex through the
Southern Bell Fiberoptics hetwork. Two Sun workstations and 8 Sun SPARC 2 file server are linked be-

tween the Family Medicine Practice Centet, the Department of Radiology, and the Department of Biotnedical
Engineering.

5. ACKNOWLEDGMENTS

We would like to take this opportunity to thank all those who have assisted us in this research including Drs

Pisano, Clark, and Parker, as well as Sun Mictosystems and Kodak/Vortech. Portions of this work were
funded by NIH NIH RO1 CA44060. '

6. REFERENCES

1. Beard, D.V. Designing a radiology workstation: A focus on navigation during the interpretation task J.
Digital Imaging 3(3) August, 1990, 152-163

2. Gash, A.G., Appelman, F.J.R., , & Zuldetveld, K., Comprehensive C++ 1/0 Libtaries Supporting

Image Processing in a University Research Environment" Proc. of Medical Imaging VI: PACS Design and
Evaluation, SPIE 1992

3. Walker, J., & Beard, D.V., FilmPlane2: Design and Implementation, SPIE Vol. 1232 Medical Imaging
1V: Image Capture and Display (1990) 229-237.

A. Ishii, H., TeamWotkStation: Towards a seamless shared workspace, Computer Supported Cooperative
Work Proceedings (CSCW 90), New York, ACM, 1990, 13-26

5. Watabe, K., Sakata, S., Maeno, K., Fukuoka, H., Ohmoti, T., Distributed multiparty desktop confer-

encing system: MERMAID, Computer Supported Cooperative Work Proceedings (CSCW 90), New York,
ACM, 1990, 27-38.

6. Fish, R.S., Kraut, R.E., Chalfonte, B. L., The VideoWindow System in Information Communications.
Computer Supported Cooperative Work Proceedings (CSCW 90), New York, ACM, 1990, 1 - 12.

7. Malone, T.W. & Crowston, K., What is coorditiation theory and how can it help design cooperative

work systems? Computer Supported Coopetative Work Proceedings (CSCW 90), New York, ACM, 1990,
357-370.

8. Pizer, SM, and Beard, DV, Medical limage Workstations: State of Science & Technology. Journal of
Digital Imaging, Nov.1989 2(4) 185-193.

9. Lauwers J.C., Lantz, K.A., Collabotation #wareness in support of collaboration transparency: Require-
ments for the next generation of shared wihdow systems, SIGCHI 90 New York, ACM 1990, 303-311.

&ﬁ.@»d/



