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A total of 40,000 portable examinations are performed 
each year at Shands Hospital (Gainesville, FL), a 570- 
bed teaching hospital. Radiographs are obtained using 
a screen-film combination with the films digitized for 
transmission to displays in four intensive care units. A 
cost-analysis of replacing screen-film with computed 
radiography (CR) integrated into a filmless picture 
archiving and communication system (PACS) network 
was performed. Equipment requirements included two 
CR units, three high-resolution dual monitor displays, 
and an archive to store 3 months of image data. The 
capital costs were amortized over a 5-year period. 
Capital and operating costs of the proposed expansion 
to the existing PACS network, together with antici- 
pated cost savings, were determined. The maximum 
data transfer rate for portable examinations was 150 
MByte per hour and approximately 400 GByte of image 
data are generated each year. These figures were used 
to determine the hardware requirements for handling 
the acquisition, transfer, and display of the images. 
Annual costs of the proposed expansion were about 
$220,000. Cost savings were achieved by elimination 
of film, including its handling by technologists/library 
clerks, and amounted to about $200,000 per year. 
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C OMPUTED radiography (CR) was intro- 
duced into clinical practice over a decade 

ago ~ with a potential of filmless digital radiol- 
ogy. Major advantages of CR over conventional 
screen-film combinations include a wide dy- 
namic range (104:1) and the availability of image 
processing. 2 Limitations of CR compared with 
screen-film systems include an inferior spatial 
resolution ( ~  3 lp/mm) and higher image noise 
when exposed to same radiation doses? The 
auto-ranging feature of CR guarantees consis- 
tent film density irrespective of the radiation 
exposure, and has resulted in CR being widely 
accepted for performing portable examina- 
tions. 4,5 CR also permits the printing of multiple 
images and access to digital image data that can 
eliminate the problem of lost films. 

A number of radiology departments develop- 
ing picture archiving and communication sys- 
tems (PACS) have used CR to perform most of 

their radiographic procedures. 6,7 From a techni- 
cal perspective CR clearly can replace screen- 
film systems. However, it is also important to 
address the economic impact of introducing 
new technology, s,9 Tucker et al lo described an 
intensive care unit (ICU) PACS system devel- 
oped at the University of Alabama (Birming- 
ham), for which an analysis was performed 
indicating that the cost of the PACS was offset 
by the savings realized by the elimination of 
film. In this study, the financial implications of 
introducing a CR/PACS network to perform 
portable examinations in a 570-bed teaching 
hospital were investigated. 

MATERIALS AND METHODS 

Clinical Workload 

Approximately 40,000 portable examinations are per- 
formed at the 570-bed Shands Hospital (Gainesville, FL) 
each year. Two thirds of these are taken in six ICUs. About 
80% of portable studies are chest examinations (70% adult 
with the remaining 30% pediatric). Of the 20% nonchest 
portabie examinations, most are abdominal ( ~ 15%), with 
the remaining 5% consisting of musculoskeletal and neuro- 
radiology studies. 

The portable examination workload distribution obtained 
from 5 consecutive working days for each ICU at Shands 
Hospital is shown in Fig 1. The corresponding data for all 
non-ICU portable examinations are shown in Fig 2. The 
distinction between the two types of portable examinations 
(ICU and non-ICU) is made because although all imaging 
will be performed with CR and will add to the network load, 
only the ICU portables will be sent to workstations in the 
corresponding ICUs. Non-ICU images will be displayed 
only in the radiology department  for diagnostic interpreta- 
tion. During this 5-day period, 700 examinations were 
performed generating 762 films (le, 1.09 films per patient 
examination). Each film is taken to correspond to ah 
uncompressed image content of 8 MBytes (2 KByte x 2 
KByte x 2 Byte per pixel). 

The bourly acquisition rate for all portable examinations 
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Fig 1. Portable chest examinations versus time of day for 
all six ICUs (summed data for 5 working days). 
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Fig 3. Summary of all porlable examinations {700] versus 
time of day (summed data for 5 working days]. 
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Fig 2. Non-ICU portable examinations 1258; abdomen, 
musculoskeletal, head, miscellaneous chest, etc) versus time 
of day (summed data for 5 working days). 

is shown in Fig 3, which defines the data transfer and 
storage requirements of a dedicated image archive. The 
maximum image acquisition rate for all portables examina- 
tions is only about 150 MByte per hour. An archive capable 
of storing images for a 3-month period would require a 
capacity of approximately 100 Gbyte. 

PA CS Nem,ork Design 
The CR/PACS network designed to handle the portable 

examination workload at Shands Hospital is shown in Fig 4. 
Four ICUs currently use dual-monitor clinical review sys- 
teta (CRS) displays (Dupont Inc. Wilmington, DE) that 
permit images to be reviewed by the ICU clinicians. In the 
proposed extension of the current PACS network, all 
acquired portable images would be sent lo one of three 
high-resolution displays (dual-monitor) in the Radio lo~  
Department for diagnostic interpretation with no produc- 
tion of hard-copy CR images. Local storage requirements 
for these diagnostic stations, each holding 1 week of studies, 
would be 10 GByte and 4 GByte for the Adult and Pediatric 
reading areas, respectively. Images would be stored on the 
archive in full resolution for 3 months. 

Two CR systems were allotted to provide a backup 
capability for system preventative maintenanee and break- 
downs. The CRs will need to perform up to 140 examina- 
tions each day and handle ah early morning peak examina- 
tion rate of 20 per hour. An estimated 25 imaging plates 
would be needed to satisfy the anticipated clinical workload 
(10 10" • 12" and 15 14" x 17"). 
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Fig 4. Schematic outline of the proposed CR/PACS net- 
work for performing all portable examinations at Shands 
Hospital, 

Cost Assessment 
Obtaining de¡ costs and savings of the proposed 

CR/PACS network is difficult. The approach adopted in 
this study was to use nominal list prices for all equipment 
and supplies. This provides a consistent framework for 
comparing expenditures with cost savings. The potential 
reduction in staff requirements (technologists and file room 
clerks) was estimated taking into account the current 
staffing levels and anticipated increases in efficiency of the 
proposed CR/PACS network. Nine personnel including 
radiotogists, scientists, technologists, film file clerks, and 
administrators were asked to estimate the personnel savings 
that might be realized through eliminating film and film 
handling. Although the costing methodology used in this 
study was not sophisticated, the data provided identify the 
key financial issues associated with proposed installation of 
this CR/PACS network. 

R E S U L T S  

Capital and Operating Costs 

The capital costs required to install the pro- 
posed CR/PACS network are summarized in 
Table 1. CR capital costs were the average of 
list prices of two commercial CR systems (FUJI 
AC3 system; Tokyo, Japan, and Kodak Ektas- 
can CR system; Eastman Kodak, Rochester, 
NY) capable of handling the anticipated clinical 
workload. The capital cost of the CR/PACS 
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Table 1. Capital Costs to Install CR/PACS Network 

Item Cost $ 

Two CR units $300,000 
25 CR imaging plates (10 �91 10" x 12"; 

15 Cc~ 14" x 17") $30,000 
Two CR servers (to interface to displays & archive; 

to interface to RIS to create DICOM3 header infor- 
mation; to route images) $40,000 

Archive (store 3 mo data that corresponds to about 
100 GB) $90,000 

Three high-resolution displays for the adult and 
pediatric reading areas $150,000 

Miscellaneous software (server; RIS interface; rout- 
ing; compression) $20,000 

Miscellaneous networking (ICUs; interfaces to CRs, 
servers, Iong-term archive) $20,000 

$650,000 Total 

network is est imated to be approximately 
$650,000. 

The annual operating costs to maintain this 
network are summarized in Table 2. Operating 
costs were taken as an average cost charged by 
these two vendors for service during normal 
working hours. The amortized capital costs over 
a 5-year period are approximately $130,000 per 
year. The total operating and capital costs of the 
CR/PACS network is thus estimated to be 
$220,000 per year. 

Cost Savings 

The major savings expected from the CR/ 
PACS network are from supplies (film and 
chemicals) and staff savings. These are summa- 
rized in Table 3. Film list price for a case of 500 
films were taken to be $1,500 and $700 for 14" x 
17" and 10" x 12" film sizes, respectively. The 
survey of nine film file room clerks, administra- 
tors, technologists, and radiologists investigat- 

Table 2. Summary of Estimated Annual CR/PACS Network 
Operating Costs 

Item Cost $ 

CR maintenance costs $30,000 
Maintenance on three diagnostic displays (15% of 

capital cost) $27,000 
Archive and server rnaintenance costs (10% of 

capital cost $13,000 
System manager (0.25 FTE) $10,000 
Miscellaneous (optical disks, network upkeep, soft- 

ware maintenance) $10,000 
Total $90,000 
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Table 3. Estimated Cost Savings From CR/PACS Network 

Item Cost Savings $ 

Film savings (80% 14" x 17"; 20% 10" x 12"; 
44,000 films/yr) $118,000 

Chemicals (7.5% of film cost) $ 9,000 
.33 Technologist $ 18,000 
1.7 Film library clerks $ 25,000 
Billing for interpreting "lost films" (3% Ioss 

rate ((~ $15 per film) $ 20,000 
Miscellaneous (eg, film jackets) $ 10,000 
Total $200,000 

ing the potential personnel cost savings showed 
an average of 1.7 full-time equivalent (FTE) 
personnel reduction in the film library with a 
range of 0.5 FTE to 3 FTE, and an average of 
.33 FTE personnel reduction in technologists 
performing the portable examinations with a 
range of 0 FTE to 0.5 FTE. Those surveyed 
indicated that the reduction in the number of 
file room clerks (approximately 12%) could be 
justified by the elimination of portable films. 
However, it was less clear that a reduction in 
technologist time would be realized by the 
introduction of CR. The total estimated cost 
savings for performing all portable examina- 
tions are approximately $200,000. This figure is 
slightly lower than the expected costs of the 
CR/PACS system of $220,000. 

DISCUSSlON 

Our results correlated with those described 
by researchers at the University of Alabama in 
that the total cost of PACS was offset by savings 
from elimination of film production and manage- 
ment. lo The differences in costs associated with 
our PACS implementation and the one at the 
University of Alabama are due mainly to the 
existence of equipment at our site used for ICU 
teleradiology. The costs associated with the 
ICU teleradiology system were not explicitly 
addressed in this study because this system was 
already in place at Shands. The costs reported 
in this study for CR systems are lower than 
those reported in the Alabama study. We used 
quotations for FUJI AC3 and Kodak Ektascan 
CR systems, whereas they based their cost 
analsys on the FUJI AC1 system. The diagnostic 
workstation costs were approximately the same. 
We decided to develop the workstation in- 
house to meet the needs of our radiologists. It 
would be difficult to purchase a commercial 

HUDA ET AL 

high-resolution workstation with the capability 
of ours for $50,000 (3 for $150,000). We did not 
include the cost of acquiring the ICU remote 
review stations, instead we planned to continue 
to use the existing image displays in four ICUs 
that were installed 7 years ago to provide 
clinicians with digitized images, ii The conclu- 
sions obtained in this current study are not 
dependent  on the presence of remote review 
stations in ICUs. A filmless CR/PACS network 
could eliminate film in the radiology depart- 
ment by replacing light boxes with three high- 
quality digital displays. This would limit access 
to images by clinicians but is technically feasible 
and would also eliminate the problem of lost 
ICU films. 

Our analysis is based on elimination of film. It 
was assumed that the imaging needs would be 
satisfied by digital displays. From time to time 
there may be a need to generate a hard copy of 
images for communication or documentation. 
Using the PACS, high-resolution images could 
be printed on a laser camera with one image per 
film. Intensive care examinations are usually 
only useful for a short period of time, and a 
"history" of an event can be made with multiple 
subsampled images formatted on a single film. 
In our institution, the use of up to 12 images per 
film would likely be acceptable for this, as 
opposed to a diagnostic purpose. Only 10% of 
our current film volume would be required to 
print all ICU portable images using the multifor- 
mat model. In addition, ir is possible to make 
hard copies using relatively inexpensive paper 
printers. 12 

A practical solution to the problem of long- 
term digital archival is storing images on tape 
and maintaining a data base to record tape 
contents. A 4-mm tape drive costs about $1,800 
with each tape costing about $12 and holding 
between 2 and 5 GByte of uncompressed data. 
For archiving portable ICU images, lossy com- 
pression (10:1 to 20:1) would be acceptable 
which would give each tape the ability of storing 
up to 10,000 images. This is an inexpensive 
solution whose major limitation is the slow and 
labor intensive method for image retrieval. How- 
ever, given the very low image retrieval rate 
expected for portable images, this is not a 
significant limitation. 

One key question pertaining to introducing a 
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CR/PACS network is the ability of radiologists 
to read portable chest radiographs using cur- 
rent software packages and diagnostic displays. 
The increasing number  of facilities that have 
moved to a filmless environment shows that this 
is possible to achieve in routine clinical practice. 
More debatable are the economic aspects of 
soft-copy displays, which still suffer problems of 
light output, reliability, and economic efficiency. 
Uncertainties still exist regarding the specific 
benefits and limitations of replacing film with 
current generation soft-copy displays in routine 
practice, such as reading portable examinations 
presented in this study. 13 

It is possible that radiologists may require 
more time to read films from soft copy displays 
than from the light boxes although experience 
to date is very limited. The time required to 
read from soft-copy displays will depend on the 
speed of image retrieval, software design, and 
also on radiologist training. However,  soft-copy 
reading may also improve patient diagnosis by 
use of image processing techniques. Accord- 
ingly, any longer reading times may directly 
correlate with improvements  in radiologist per- 
formance. These are important  issues but at 
present they are very dit¡ to quantify and 
resolve in an objective manner,  Accordingly, the 
cost of the radiologist was excluded from this 
cost analysis. 

This study did not consider the space re- 
quired to accommodate  44,000 portable images 
generated each year. Radiographic images need 
to be stored f o r a  minimum period of time as 
specified by state regulations, eg, 5 years in 
Florida. At present, the film library within 
Shands Hospital 's  Radiology Depar tment  has a 
storage area of approximately 1,000 f t  2 and 
stores images generated within the last 3 months. 
Images generated within the last 2 years are 
stored in Shands Hospital 's  subbasement  and 
occupy a total area of 1,768 ft 2. Images older 
than 2 years are subsequently moved to the 
long-term archive that is difficult to access. 
Although it is clear that a CR/ P ACS  network 

would reduce the space requirements for film 
storage, quantifying this benefit is difficult. 

The benefits of decreasing the portable film 
repeat  rate were not shown in this study be- 
cause repeat  rates for portable ICU examina- 
tions at Shands Hospital measured over 3 con- 
secutive months were found to be very low 
( ~ 3%). Most repeat  radiographs at Shands are 
caused by positioning errors and the introduc- 
tion of CR would not significantly reduce the 
rate of repeat  examinations. Our  low repeat  
rate results from good training and documenta-  
tion of technique factors for long-stay patients 
and is similar to data reported for another  
teaching hospital. ~4 However,  portable repeat  
rates can be as high as 12%, 15 and facilities with 
high rates would benefit to a greater  extent from 
a C R / P A C S  network than the data presented 
here suggest. 

CONCLUSION 

Proponents  of PACS anticipate major ben- 
efits to be derived from filmless radiology depart- 
ments. These relate to the elimination of lost 
films, efficient transmission of images to refer- 
ring clinicians, convenient archival storage, and 
improved diagnosis by the use of image process- 
ingY Although such benefits are difficult to 
quantify, they are the rationale for the move to 
filmless radiology depar tments  in the United 
States 7,16,17 and in Europe.  6,1~,t9 An example of 
the hospital benefit achievable by a CR/PA CS 
network is the speed of delivery of images to an 
ICU impacting on both patient care and effi- 
ciency of ICU staff. This study clearly shows 
that for a large institution with a substantial 
portable workload, costs alone are unlikely to 
inhibit the introduction of a P A C S / C R  network 
for performing portable examinations. 
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