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This paper describes a prototype viewing station for 
the Intensive Care Unit (ICU) that combines a Iow cost 
with a fast response for the primary viewing tasks. A 
single monitor is used together with the possibility to 
switch to another image on the same screen instanta- 
neously. To reduce the time for image retrieval and 
display, the viewing station anticipates the need for 
particular images, and preloads these from the disk 
into the internal memory whenever the computer has 
some idle time. Preliminary experience suggests that 
the use of a single monitor is no fundamental limita- 
tion for this application. Most of the time, the system 
can anticipate which images will be required shortly. 
This has an important impact on the user efficiency. 
Copyright �9 1994by W,B. Saunders Company 

KEY WORDS: Intensive care unit, computer systems, 
viewing stations, picture archiving and communica- 
tion systems, image management. 

O NE OF THE APPLICATIONS where a 
picture archiving and communication sys- 

tem (PACS) has the potential to improve 
working efficiency and patient care is that of 
image handling and viewing in intensive care 
units (ICUs). The growing use of computed 
Radiography for the ICU application is a benefi- 
cial factor for the introduction of PACS, by 
facilitating the access to high-quality digital 
images. One advantage of the electronic distri- 
bution of ICU images is that diagnostic informa- 
tion is likely to be more quickly available at the 
ward, although this may require changes in the 
relation between the radiologist who performs 
the primary diagnosis and the ICU clinician. 1-5 

Because in our particular situation, the tradi- 
tional film-based working method has been 
highly optimized to provide a prompt service to 
the ICU, we do not expect the aspect of speed to 
be the most important advantage of PACS to 
our institution. Other possible improvements 
include a higher efficiency in handling the 
images accumulated during the stay of the 
patient, and the simultaneous availability of 
previous images for primary diagnosis in the 
department of radiology as well as for consulta- 
tion at the ward. 

Currently, a fundamental limiting factor in 
the introduction of PACS is the associated cost, 
especially when there is no clear-cut advantage 

with respect to patient care. A large part of the 
equipment cost can be attributed to the viewing 
stations. 6 The commercially available lower- 
budget systems often lack the required speed or 
'responsiveness', as it takes several seconds to 
display an image on the screen. When a digital 
system must compete with a well-organized film 
based system, this aspect of user efficiency is 
critical. On the other hand, state-of-the-art 
digital equipment can supply the required speed, 
but at a very high cost. The technological 
requirements and thus the cost may be lower for 
secondary reviewing stations at the ward than 
for the viewing stations for primary diagnosis. 
Nevertheless, for a successful introduction of 
PACS, both types of viewing stations should 
have a high efficiency-cost ratio. 

In this paper, we focus on concepts that allow 
us to obtain a workable combination of low cost 
and high responsiveness using widely available 
commercial components that are not on the 
cutting edge of technology. In a first stage, we 
developed a chest image viewing station for the 
ICU ward, but the concepts of this viewing 
station can be translated into a workstation for 
primary diagnosis as well. 

The ICU viewing station is equipped with a 
single monitor, using fast 'swapping' when two 
images must be compared. To reduce the time 
for image retrieval and display, we have imple- 
mented an image preloading scheme. Essen- 
tially, the viewing station takes advantage of the 
short time periods during which the interactive 
user is not requesting action by the computer 
(eg, when studying the image currently on 
screen) to preload from the slower disk into the 
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fast internal memory, those images that prob- 
ably will have to be displayed shortly. When one 
of these images is actually needed,  it can be 
shown immediately. To let the system anticipate 
which images should be preloaded, a distinction 
was made between the different working modes 
that are most frequently used by the ICU 
physicians. 

In this paper, we ¡ motivate the approach 
that has been taken for image preloading. Then, 
we describe the demonstrator system that has 
been developed for the experiments. Finally, we 
discuss the results of initial tests. 

IMAGE PRELOADING TO SUPPORT DIFFERENT 
REVIEW MODES 

The image preloading scheme takes advan- 
tage of the fact that the images are often viewed 
in a specific order. This order depends on the 
particular viewing task. We have considered 
user efficiency to be the most important in the 
following viewing modes: the structured review 
mode, where the newly acquired images of all 
patients in the ward are studied consecutively 
and compared with the previous images; the 
emergency review mode, where a clinician drops 
in for a moment  to quickly check a detail on the 
most recent image of a particular patient; and 
the less frequently used historic review mode, 
where the images of one particular patient 
accumulated over a longer period ate studied. 

Structured Review Mode 

In structured review mode, it is customary to 
study the two most recent images of all patients 
in the ward. The viewing station uses this 
information to keep image display times low as 
well as to optimize the user interface. It still 
takes some time for the system to load and 
display the very first image. However, while the 
clinician is viewing this first image, the system 
loads the next images into the internal memory, 
as far as the avaitable memory and the idle time 
allow (Fig 1). Once the last two images of a 
patient are available in memory, the user can 
rapidly swap between them by pressing a mouse 
button. When he switches to the next patient, 
the images of the previous patient are flushed to 
make memory availabte to preload further im- 
ages. 
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Fig 1. In structured review mode, the system tries to 
preload a number of images in internal memory (eg, two per 
patient). While the first image of the first patient is being 
displayed, a second image is prepared in the background (a). 
Two images that are in memory can be exchanged on the 
monitor instantaneously (b). When moving to the next patient, 
the images are immediately available (c), Memory taken by 
previous images is reused to preload further images. 

Emergency Review Mode 

For the emergency review mode, the user will 
not engage in a relatively long and coordinated 
session with the viewing station. Although the 
delay before the first image is displayed is n o t a  
major problem in structured review mode, it 
cannot be tolerated in the emergency review 
mode. Therefore,  whenever the viewing station 
is not being used for any viewing, it automati- 
cally prepares a possible request for emergency 
review by preloading the most recent images of 
alt patients in the ward. The memory required 
to hold one image of ten or fifteen patients is 
relatively inexpensive, when compared to the 
cost of high-speed magnetic disks or similar 
external storage devices. These images are pre- 
sented on the screen as picture icons, sorted 
according to the bed number (Fig 2). To view 
any of these images, it is sufficient to click the 
corresponding icon image in the overview. This 
reduces the number of manual actions to the 
minimum. 

Historic Review Mode 

In the historic review mode, predicting which 
images will be viewed next is done in a way 
similar to the structured review mode. 

PILOT SYSTEM SET-UP 

The demonstrator system that has been con- 
structed f o r a  first evaluation of these concepts 
consists of an IMLOGIX 2000 display unit 
(Microterm Inc, St Louis, MO) controlled by a 
common personal computer  (PC) (Fig 3). 

The IMLOGIX display unit consists of the 
actual screen and internal video memory. The 
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Fig 2, For emergency review mode, the user can directly 
request any of the most recent images by clicking the corre- 
sponding picture icon. if the system has been left idie for 
several tens of seconds, ir can present the requested image 
immediately. 

screen has a resolution of 1,024 x 1,024 pixels, 
but the internal memory is large enough to hold 
a number of such images (four in the configura- 
tion that was used). This display unir supports 
gray-value windowing using a 12-bit video lookup 
table, of which only 8 bits were used. The PC 
controls which 1,024- x 1,024-pixel part of the 
video memory is actually displayed on the screen; 
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Fig 3. Schematic set-up of the ICU viewing station. The 
figure shows the relation between the display screen, the fast 
dtsplay memory (of which a part can be visible on the screen}, 
and the controlling PC. 

it presents menus on the screen and loads 
images from the magnetic disk into the video 
memory. These images are transferred from the 
disk to the video memory in smatl parts, so that 
response to user interaction is not slowed down 
by the background process of image loading. 
Menus and control buttons are presented on 
the same monitor as the image display. Al1 user 
interaction can be performed using the mouse 
only, without the need for keyboard input. 

With the prototype set-up that was used, it is 
not possible to store enough images simulta- 
neously in the internal memory to directly 
support the emergency review mode. However, 
we get around this by loading lower-resolution 
(512- x 512-pixel) versions of the images in the 
memory and by taking advantage of the real- 
time zooming capabilities of this particular 
display unit. This lower-resolution image can be 
presented immediately, and it is automatically 
replaced aftera few seconds by the image at full 
resolution. Replacing the lower-resolution im- 
age (zoomed twice) by the higher-resolution 
image is atmost unnoticeable. 

In the set-up described here, the PC requires 
little memory. However, ir would have been 
possible to use an unintelligent monitor, to put 
the image memory in the PC, and to have the 
PC handle the windowing task. 

EXPERIMENTAL EVALUATION 
AND DISCUSSION 

The viewing station has been tested in one 
12-bed ward. Chest images were acquired using 
a prototype phosphor plate scanner (ADC, 
Agfa-Gevaert NV, Mortsel, Belgium) and re- 
duced to 1,024- x 1,024-pixel resolution. For 2 
months, the chest radiologist responsibte for the 
ICU used the system in the structured revŸ 
mode when explaining his findings at ICU. 
During this period, hardcopy films remained 
available. Later on, the viewing station was used 
for 3 weeks as the primary system, whereas the 
hardcopy films were only available in sealed 
envelopes. 

Although a very slow disk has been used in 
this experiment, needing approximately 20 sec- 
onds to load an image, the users considered the 
waiting times for image display totally accept- 
able. The image preloading scheme is clearly 
el¡ for the structured and the historical 
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review modes,  where  waiting times were  almost  
reduced  to zero  in most  situations. For  the 
emergency  review mode,  the speed of  image 
access was cons idered  sufficient, with no ob- 
ject ion with respect  to initial low-resolut ion 
(512- x 512-pixel) presentat ion.  However ,  the 
exper iment  may have been  too short  to be 
conclusive about  all aspects of  the emergency  
review. 

The  success of  the image-pre loading  scheme 
illustrates that,  in the current  stage of  PACS 
technology,  it pays off to try and compensa te  for 
the relatively unfavorable  pe r fo rmance  of  stan- 
dard componen t s  by using software worka-  
rounds  specially adap ted  to the part icular  clini- 
cal organizat ion.  

The  clinicians have not  considered it an 
impor tan t  d rawback  that  only one moni tor  is 
available, as long as it is possible to switch 
rapidly to another  image on the same screen. 
However ,  we have not  pe r fo rmed  tests to mea-  
sure whe ther  sequential  display is as efficient as 
s imul taneous display (using two screens). Some 
clinicans would probably  have prefer red  a two- 
screen system, if they had been  given the choice. 
These  informal findings with respect  to using a 

single moni tor  are in agreement  with prelimi- 
nary results. 7,8 In  our  experiment,  the radiolo- 
gists considered a single screen with the fast- 
swap op t ion  sufficient. This is part icular ly 
encouraging in view of  pr imary diagnosis on 
screen, because  for this task, a resolution higher 
than 1,024 x 1,024 pixels may be indicated. 
Then,  the moni to r  is an impor tant  factor  in the 
cost of  the viewing station. 

The  system that  has been  described in this 
repor t  was only in tended  to check the validity of  
the basic concepts.  A part icular  problem with 
using simple PCs is the software development  
cost required  to come to a comprehensive 
system. Therefore ,  we have started the develop- 
men t  of  a more  product ion-or ien ted  viewing 
system based  on a low-budget  U N I X  computer  
with indust ry-s tandard  display hardware  and 
software. This system will be closely linked to 
the radiology informat ion system for automat-  
ing most  of  the image m a n a g e m e n t  tasks. 
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