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Osaka University Hospital moved into a new hospital 
building on the suburban Suita campus in October 
1993. A newly developed hospital information system, 
a new radiologic information system and phase I of a 
completely new Picture Archiving and Communication 
System (PACS) also began operating, Work began in 
1986 on this PACS. The PACS effort has been guided 
by one working group and two committees during the 
last 7 years. A survey of the previous diagnostic and 
image delivery system was performed as part of the 
preamble to designing an optimal PACS. Extensive 
analysis and measurement of pre-existing operational 
conditions was undertaken. These studies and techni- 
cal research projects are described in a companion 
paper in this issue, The phase I hardware installation 
and initial testing were completed in March 1994. 
Subsequent phases will build incrementally until the 
completely new, hospital-wide PACS is realized. 
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O SAKA UNIVERSITY Hospital has 1,011 
beds with 22 clinical departments and 

nine service divisions including the central radi- 
ology facility of Radiology. The Radiology De- 
partment medical imaging equipment is listed in 
Table 1. 

About 120,000 radiologic examinations are 
performed annually. The volume of radio- 
graphic images is about 260,000 sheets of film 
per year (namely 1,100 sheets per day). 

The statistics of volume of radiographic im- 
ages are expressed as the number of sheets of 
film because Japanese health insurance pays for 
imaging procedures on the basis of the number 
of sheets of film used. There are 600,000 digital 
images (computed tomography [CT], magnetic 
resonance imaging [MRI], digital subtraction 
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angiography, and others) processed annually 
(2,300 digital images per day). 

Our goal is to implement a new, hospital-wide 
picture archiving and communication systems 
(PACS) in phases with close integration with 
the new radiological information system (RIS) 
and hospital information system (HIS). Specific 
challenges include balancing the speed and 
resolution of workstations against cost and bal- 
ancing response time degradation against the 
number of workstations. 1,2 Although fast, high- 
cost workstations are needed for acute-care 
patients, they are not required for research, 
teaching, nor the large percentage of chronic 
care patients. 2 Film-based chest examinations 
will continue to be available in early phases. 2 

Care will be taken to avoid duplication of RIS 
and HIS functions initially. To push PACS too 
strongly would diminish the role of RIS and H]S 
unwisely. 3,4 What can be done by the HIS and 
the RIS must not be replaced by PACS. Be- 
cause PACS is so expensive, it is prudent to 
initially furnish the results of diagnosis by radi- 
ologists via the HIS-transmitted radiologic re- 
port only, rather than with the images them- 
selves. 

SYSTEM DESIGN 
During the past 7 years, we have studied 

other PACS projects in Japan and elsewhere. 
One of the authors of this paper participated in 
the design and development of the Hokkaido 
University Hospital PACS (HU-PACS). 1,3,sq~ 
All of the authors have visited Hokkaido several 
times to observe the functions and practical 
aspects of the HU-PACS operation. Most of the 
authors also visited the University of California 
Los Angeles (UCLA) PACS and discussed it 
with key persons in that institution. 2 Georgetown 
University, 4 the Hospital of the University of 
Pennsylvania, 12 Bowman Gray School of MedŸ 
cine, and other centers in the United States and 
Europe were also visited. Discussions on site 
and at international conferences were very help- 
ful. 

Based on the published literature and our 
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Table 1. Medical Imaging Equipments at the Department of 
Radiology, Osaka University Hospital 

Previou• PresBnt 
Nospital H~)spilal 

General radiography $ 11 
GR 1 11 
Tomography 3 2 
Mammography 1 1 
Remete control f luoroscopy 5 5 
CT 3 3 
Ultrasound (include color doppler) 4 6 
MRI 2 3 
Angiography system 2 2 
Cardiac catheterization system 1 2 
Gamma camera (include SPECT) 5 6 

visits and discussions, the following conclusions 
were made part of our PACS design: (I) Experi- 
mental PACS and practical hospital-wide PACS 
ate comp[etely different systems. Simple modifi- 
cation of expansion of an experimental PACS is 
not possible. (2) It is important to design the 
PACS concurrently or after the RIS and HIS 
development. (3) The installed number of com- 
puted radiography (CR) units influences success- 
ful image-data acquisition. 1,2 (4) Using standard- 

ized interfaces for image-data acquisition 
significantly reduces software development 
costs. 13 (5) The cost impact of higher-resolution 
image-display workstalions is great. 1,z,ll (6) Join! 
Photographic E• Group (JPEG) 12-bit 
image data compression appears to be the most 
promising techno[ogy in terms of cost and spee& ~ 

Table 2 outlines the history and schedule of 
the Osaka University PACS project. Develop- 
ment in the following major areas will com- 
mence of continue later. Work planned for later 
phases of the PACS Ÿ (1) improvement of 
the ergonomic workstation design; (2) applica- 
tion of an e• system for diagnosis support; 
(3) playback of digitized voice reports synchro- 
nized with the interpreted images14.~s; (4) com- 
puter-aided diagnosis by means of image pro- 
cessing16; (5) adoption of standard interface 
such as Medical Image Processing System 
(MIPS) version 3_0, which is the Japanese 
equivalent of the American College of Radiol- 
ogy/National Electrical Manufacturers Associa- 
tion (ACR-NEMA) D]COM 3.016'17; (6) continu- 
ing assessment of technologylS; (7) continuing 

Table Z. The History and Schedule of Development and Technology Assessment of PACS in Osaka University Hospital 

Year s and Deve(opmerlt Survey Experimentai PACS 

1986 Evaluation of stand-alone film digita- 
tion, storage, and display 

1988 Clinical evaluation of high-resolution 
storage phosphor system 

1989 Evaluation and consensus of medical 
image quality 

1990 Demonstration and consensus in 
image quality and speed in the 
Hospital 

1991 Test run of a small PACS, FCR, and 
Medifile, to identiŸ !~roblems 

1992 System desi9n in detail and software 
development 

1993 Move to the new hospital 
Start of RIS/HIS operation 

Start of new PACS installation 
1994 Start of new PACS operation 
1995 Link to RIS and HIS 
1996 Full-size PACS operation 

1997 

Review of the current medical image 
information 

Start of measurement and analysis of 
present medical diagnosis system 

T 

Measurement and analysis of pres- 
ent medical diagnostic system 

End of the survey 
Preparation for technology assess- 

ment 

The survey of the new PACS 

Comparison of data before and after 
PACS adjustment and completion 
of technology assessment 

MediFile-1000 (NEC Corp) 

Fileace 4100 (Mitsubishi Co, Tokyo, 
Japan), Kodak storage phosphor 
system (4,000 x 5,000 x 12 bits; 
Eastman-Kodak, Rochester, NY) 

TDIS (Toshiba Co) 

FCR (Fuji Film Co, MediFile-500 
•NEC Col 

Abbreviation: TDIS, Toshiba Digita] Jmage Sys'[em 
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evaluation of cathode ray tube (CRT) screen 1~ 
image quality; (8) faster image-display re- 
sponse; and (9) improvement ease of use of 
image-display workstations. 

The first meeting to discuss PACS for the new 
Osaka University Hospital was held in 1986. It 
was concluded that implementation of a PACS 
would have merit in long-time storage, image 
processing, image transmission, image manage- 
ment, education, and computer-aided diagno- 
sis. On the other hand, image quality, the large 
size of the system, the time interval between 
expense outlay and having an operating system, 
and transmission time were recognized as prob- 
lems. 

In 1987 The Medical Information Science 
Department of Osaka University Hospital 
started the official developrnent of the total 
information system for the new hospital. Seven 
working groups were established including or- 
der entry, ward administration system, outpa- 
tient clinic system, system for pharmaceutical 
prescribing, medical-history storage module, re- 
source supply system, and RIS/PACS. 

The RIS/PACS working group included sur- 
geons, physicians, clerks, and radiologists. Its 
aim is to understand the needs of other depart- 
ments of the hospital for images. Meetings have 
been held once every 2 or 3 months. The 
working group decided to begin with radiologic 
images and later to gradually include endo- 
scopic and pathologic images. 

Two local committees were formed. The first 
was composed of radiologists, radiologic tech- 
nologists and nurses in the Radiology Depart- 
ment. Its aim is to clarify departmental needs. A 
small experimental PACS (MediFile-1000 of 
NEC Corp, Tokyo, Japan) was installed to 
demonstrate PACS to committee members. The 
group has met about once every 3 months. 

A second local committee was charged with 
the system design and with developing and 
evaluating software and hardware. In addition 
to radiologists, technologists, medical physi- 
cists, and engineers from the College of Biomedi- 
cal Technology of Osaka University, engineers 
from companies such as NEC Corp were in- 
cluded as members. Also, we had cooperative 
research projects assisted by the Japanese Gov- 
ernment for an experimental high-resolution 
storage phosphor system with Eastman-Kodak 
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Fig 1. The design of PACS for Osaka University Hospital. 

PACS is operated closely with RIS and HIS. 

(Rochester, NY) and for an experimental RIS 
and small PACS with Toshiba Co (Tokyo, 
Japan). Meetings with NEC Corp (a computer 
system developer; Tokyo, Japan) occur at least 
once a month. Frequent meetings with Fuji 
Film Co (Tokyo, Japan) are held to develop 
effective storage phosphor systems for the PACS 
environment. Diagnostic equipment manufactur- 
ers have participated sometimes in these meet- 
ings to develop the interface between the PACS 
and the RIS and their equipment. The fre- 
quency of meetings of this committee acceler- 
ated to many times a month toward the end of 
1992 to discuss evaluation results and system 
design issues. 

A survey of all departments of the hospital as 

referring system 

for Hospital tnformation �9 Processor 
Delivery 
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PROCESSOR Images 

OPTICAL DISK 
LIBRARIES 

/," LAN "~~J Unp . . . . . .  d Image 

~ ! Display Terminal 
L 

Fig 2. The design of hardware configuration for PACS, RIS, 
and HIS of Osaka University Hospital. 
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Table 3. Phase I of Osaka University PACS wi th  H I S / R I S  
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No. of 
Machines 
Installed 

HIS 
Host 
Server 
HIS terminal for doctors, nurses, 

and technicians 

HIS terminal for clerks 
RIS/PACS 

RIS server 
PACS server 
RIS terminal/PC-IDT 

(personal computer-image display 
terminal) 

Modality interface terminal 

ACOS3600/10MP (NEC Co. Tokyo) 
EWS4800(NEC Corp) 

1) PC-98 Mate (CPU: i486, 66 or 33 MHz, RAM: 14.6 Mbyte) (NEC Corp) 
2) Branch 4680 Ethernet board 
S3100/X5(NEC Corp) 

EWS4800/350(NEC Corp) 
EWS4800/350 + jukebox type optica] disk unit + HD + magnetic tape 

1) PC-98 Mate (CPU: i486 66 MHz, RAM: 14.6 Mbyte) (NEC Corp) 
2) 12-bit JPEG compression-decompression board (25) 
3) 8ranch 4680 Ethernet board 

1) PC98 Mate (CPU: i486 66MHz, RAM: 14.6 Mbyte) (NEC Corp) 
2) 12-bit JPEG compression-decompression board 
3) Branch 4680 Ethernet board 
4) }mage input t/F 
DR11/W--FCR, IIDR, Konica film scanner (film digitize) 
Ethernet--YMS (Tokyo, Japan) DATAVlEW, Toshiba CT, Hitachi 

(Tokyo, Japan) WS (nuclear medicine) 
RS-422--Konica laser printer (MRI) 

1 
55 

482 

66 

3 
3 

58 

17 

Abbreviations: RAM, random access memory; HD, hard drive; I/F, interface. 

to what kind of medical images would be used at 
the new hospital was done. 

Responses to the question of what kind of 
medical image information should be sent to the 
outpatient clinics were as follows: report  only, 
2%; CRT image and report, 60%; and conven- 
tional screen film radiographs and report, 38%. 

Responses to the same question for inpatient 
wards were as follows: report  only, 0%; CRT 
image and report, 60%; and conventional screen 
film radiographs and report, 40%. 

This survey disclosed that 60% of the physi- 
�9 cians would be satisfied with CRT images in- 

stead of conventional radiographs. However, 
there was a major hidden problem; physicians 
did not necessarily know the details of the new 
system, particularly the image quality of the 
planned CRT display. Nevertheless, it appeared 
that there were no serious obstacles to obtain- 
ing consensus to introduce PACS into our 

hospital. In addition, the background of PACS 
in Japan seemed to be on o u r  s i d e .  14,15,18 

The concept used in the system design of the 
PACS for Osaka University Hospital began with 
careful quantitative measurement  of all aspects 
of present image-based operations. The analysis 
of these studies was then used in designing the 
new PACS for assessing technology to be incor- 
porated in it and subsequently for assessing the 
effectiveness of the PACS. The many specific 
studies of the current situation that were done 
are described in a companion paper. Also de- 
scribed briefly in that paper are the stand-alone 
PACS MediFile-1000, the small PACS TDIS, 
and three other  technology research projects 
done as part of the system design and technol- 
ogy assessment. 

PACS CONFIGURATION 

The PACS will be closely integrated with the 
RIS and HIS. The configuration is shown in Figs 
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1 and 2. Phase I operation began in October 
1993, and was completed by March 1994 (Ta- 
ble 3). 

Two classes of terminals are shown in Fig 2. 
The first class of PACS terminals is for display 
of "optimized images." They will be installed in 
many clinics and in wards together with HIS 
terminals or RIS terminals. Notification of the 
availability of the "optimized images" will be 
sent to the HIS together with the radiologic 
report. Requests to display images with the 
radiologic report will be made through the HIS 
via the local area network. The second, higher- 

resolution group will handle "standard unproc- 
essed images" for diagnosis by radiologists. The 
"standard unprocessed images" (Fig 1) will be 
routed to these higher image-quality worksta- 
tions from modalities such as CR, CT, MRI and 
from film digitizers. The 7 years of effort have 
resulted in what appears to be a robust system 
design. Its flexibility allowed for some repro- 
gramming recently to accommodate revised 
workstation hardware. Although it is still early 
in the introduction of the PACS operation, it is 
hoped that the overall result will be most useful. 
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