WCL-Viewer: An integrated system
for medical image administration and processing.
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Abstract: - The WCL-Viewer is an integrated medical information system with beneficial features regarding
any prior implemented system up to present. It is a computer system infrastructure capable of storing,
retrieving, transporting, displaying and printing medical images. It features admissions, discharge and transfer
of data, hence the benefit for data validation and patient information update. It enables worklist management
and prefetching of prior studies from long term archive to online storage and allows physicians to view and
process or editing reports and images simultaneously. It was also designed and implemented as a strong
educational tool, presenting features of retrieving prior reports and images, and even the opportunity for online
education through a real time consultation of a study retrieved from a modality online. The WCL-Viewer was
developed with close collaboration of doctors of medicine and engineers and is used as the basic operational
tool in the Radiology Department of the University Hospital of Patras, Greece.
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1 Introduction

Digital radiology in its most extreme form, the
filmless Radiology Department / Hospital using a
RIS/PACS-system  for  acquiring, reviewing,
distributing and archiving image information, has
until recently not really been established as a routine
phenomenon. Today however, technology makes it
possible to come true and also build networks of
departments intercommunicating over large distances
and at high speed. The filmless department is
therefore a reality [1].

Medical images are at the heart of the healthcare
diagnostic procedures. They have provided not only a
noninvasive mean to view anatomical cross-sections
of internal organs, tissues, bone and other features of
patients but also a mean for physicians to evaluate the
patient’s diagnosis and monitor the effects of the
treatment [2][3][4].

Wire Communications Laboratory - (WCL)
Viewer, presented in this paper, consists of modules
for image acquisition, archiving and retrieval,
communication, image processing, distribution, and
display of patient information [5][2]. The WCL-
Viewer can also be used for education of medicine
students and clinicians. The system offers an efficient
means of viewing, analyzing, and documenting study
results, and provides a method for -effectively
communicating study results to the referring
physicians.

The WCL-Viewer was implemented to the
University Hospital of Patras, Greece. It has been
operational and under continues evaluation for a wide

period of time now. This period of time has offered
the opportunity to the users to conduct reports
evaluating the system based on their personal
experience.

2 The WCL-Viewer Architecture

The digital viewing application, shown in fig. 1, was
developed for viewing and processing images of
different modalities. As is customary, individual
images or a series of images may be shown adjacent
to one another at a workstation [6].

The images are organized in logical groups
(maps). A map contains all images of a specific
examination. Via a hierarchical examination of a
patient map structure the images are managed in a
local database with other examination data, such as
demographic patient data, institute data and physician
data. In addition to current examinations, archived
images and reports can be displayed simultaneously.
The archived images may be retrieved at any time
from the archive.

The basic architecture of the WCL-Viewer is a 3-
stage architecture:

e The first stage, which interacts with data stored
in the database. It is able to provide automatic
data management of archiving and retrieval
(backup, restore etc) and immediate data
access.
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Fig. 1: WCL-Viewer Architecture

e The second stage, which includes rules and
procedures on the data storage system to
manipulate the database. It is able to manage
the entire workflow process from data
acquisition to data repository and to automate
the loading, archiving, display and delivery of
medical image data.

e The third stage, which includes the user access
to the application. It presents patient data and
images to the user and has an intelligent user-
friendly interface [7] that allows users to easily
capture, manage, index, interrelate and
manipulate any medical image.

The WCL-Viewer was developed using Visual
Basic for the interactive user interface and the
Accusoft Medical SDK for the implementation of the
image processing functions.

3 Protocols used

The application is based on DICOM 3.0 (Digital
Image Communication in Medicine) standard [6] [8]
for data communication, data storage and retrieval,
and data processing purposes and HL7 (Health Level
7) [9] [10] for message exchange.

For the communication between different
workstations and modalities a Fast ETHERNET is
used and sessions using the ISDN network operating
according to the H.320 standard [11].

The communication between the archive and the
modalities, and between the archive and the PC
viewing stations, uses the DICOM protocol and HL7.
For better performance, the communication between
the archive and the diagnostic workstations uses a

proprietary protocol, allowing the workstations to
have direct access to the archives database and to
realize advanced functions such as the automatic
update of worklists.

4 WCL-Viewer Facilities

The WCL-Viewer features an amount of facilities,
which are described throughout the following
paragraphs.

4.1 Data acquisition and storage facilities
An efficient archive of radiological images and
medical information data must be able to safely store
and retrieve large data sets in a very short time
[12][9]. Table 1 presents typical memory
requirements of different image techniques.

Table 1 — Typical size of medical images

Procedure Typical Size of Typical Total size
picture single number of | (Mbyte)
size image images/
(Mbyte) | procedure
Chest X-Ray | 1760x2140 7.35 2 174
cT L 512x512 0.52 40 21
examination
MR 256x256 | 0.13 80 105
examination

There is a main database where all the acquired

DICOM files are stored. The image acquisition could
take place either online or offline, through a LAN
Network or even to a remote workstation, using
TCP/IP. Storage is accommodated by short-term,
local storage and long-term archive storage.



The stored data could also be past or current
reports made for a certain patient (or generally
collected, stored and processed non-image data
associated with stored images) or even study files
created by the referring physician after an
examination.

A prototype feature of the database is that already
examined stored studies can be used for educational
purposes.

At the initiation of the storage process, the patient
is registered (if not already) and all the data regarding
the patient are sent to the WCL-Viewer storage
archive. Procedure is performed and images are also
sent to the archive. Then via a routing application all
the data are stored to the archive, based on patient
unique id number. At the end of the storage process
all the data are available on demand [13].

4.2 Data viewing and processing facilities
The WCL-Viewer offers the ability to view and
process image data acquired from various modalities,
such as CT, MRI, CR, angio- (secondary capture and
DICOM x-ray angiographic), ultrasound, nuclear-
medicine, fluoroscopy and digitalized x-ray films.

It has most of the 2D image processing functions
[14] (such as zoom in/out, magnifier, window level,
smooth/sharp, annotations, pseudocolor, etc.), plus
functions for multi processing and viewing of
medical images, even up to 64 images at the same
time (fig. 2), and display of multi-frame objects.
MPR, MIP and surface shaded 3D-modelling are seen
as an advantage.

Fig. 2: Multi-process Screen

A function of the application was developed so
the physician who studies an examination can extract
or import the images with a finding, to a new file
saved in the database (optional) and to form a report
which will be printed along with the selected images.
This function reduces the time required for post
processing of the results of an examination and it will
be rather easier for a review, if necessary (fig. 3).

Fig.3: Log Files Screen

The WCL-Viewer is compatible with the DICOM
3.0 standard. It uses the DICOM service classes
DICOM storage SCU/SCP, DICOM query/retrieve
SCU/SCP, DICOM Worklist support and DICOM
print management SCU for the interaction with the
medical modalities over the medical unit LAN
implemented by the STORESCP functions.

4.3 Printing facilities

The application features DICOM Printing and
Postscript printing, with custom size options. It is a
single form used for print preview of a selected image
(processed or not) of a medical study, providing
options to the user for customization of layout, such
as the size of the printed image, the process steps
previously applied etc (fig. 4).
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Fig. 4: Custom Print Management

4.4 Conducting a Report
WCL-Viewer, offers the opportunity of conducting a
report after a study examination or review of previous



stored reports. This could result after collecting all
the needed images from a medical examination,
through the application and by writing a text report,
which would be a diagnosis, a possible treatment,
further reference or additional examinations etc.
Upon the completion, a print option is available (fig.
5) and a save option, in order to store the report to the
database.

Saved reports could either be available for
educational purposes or be stored in the patient’s log
file.
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Fig. 5: Completed Report

4.5 Teleconsultation facility
A special feature of the WCL-Viewer is the
opportunity for teleconsultation between two remote
users of the application. Even though it was primarily
designed for communication between radiologists and
modalities’ operators, it was later expanded in order
to include additional possibilities for consultation.
The real-time teleconsultation facility enables
radiologists, modality operators, health care doctors
and physicians to perform real time consultation
between remote peers, based on medical images. The
DICOM standard provides a way to communicate
medical digital images between archives, so that a
patient study can be sent in advance to the remote

location, received by its DICOM archive (SCU), and
viewed on both machines.

This could result to a dramatic time decrease of
diagnosis through the real time communication
primarily between the radiologist and the modality
operator, as well as the hospital or medical institute
(where the patient is) and the referring physician.

The supported features in the WCL-Viewer are:

e Still images exchange e.g. radiological
examinations (X-ray, MR, etc.) and textual
data.

e On-line marking and
interest (annotations).

e Multi-image support.

showing region of

4.6 Patient and Study Index Files

It supports index files for monitoring browsing
patient records or images. There are two index files
available, in the main screen. The first index file is a
patient-based list, providing all the patients who have
been under a medical examination, whereas the
second index file is study-based list, providing all the
available current and previous medical examinations
stored in the database for a selected patient (fig. 6).
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Fig. 6. Index Files Screen

4.7  Security
The system offers a user identification process,
through a log in screen. At this point a user id (which
is unique) and a user password (also unique) are
required for the user to enter the application (fig. 7).
There is also a feature for encryption in remote
working and in transferring data between different
organizations or even among remote users. This
security function is based on encryption according to
ICD-10 standard [15] [16] and digital signature
(regarding the diagnosis text). That provides a “fail-
safe” storage, retrieval and delivery of the data, by
ensuring that no changes have been made to the
content, without authorization, whatsoever.



Fig. 7: Main Login Screen

4.8  Education

The WCL-Viewer implemented a prototype feature
for educational purposes [17] by means of using
several stored past reports created after medical
examinations of a patient and retrieved through the
application for viewing and training. This feature
could also be used for consultation between the
radiologist, the modality operator, and in addition,
between the primary health care doctor and the
physician. The main goal was to implement a
function under which medicine students or staff of a
health care institute could be easily trained and
educated, avoiding the traditional way of film
presentation and hard copy reports, through a friendly
environment. So, under close collaboration with
Medicine Professors and students, a feature of online,
real time video-projecting in a classroom has been
developed.

This could be made either on line, by a direct
connection to a modality and therefore real time
study of a medical examination or off line by
retrieving a past made study from the database. That
gives the opportunity of a “real” education or staff-
training, under “actual” conditions.

S. Evaluation

Below, are reports made by several users after the
extended use of WCL-Viewer in University Hospital
of Patras. The outlines of those reports are:

o Offset expenses of film and related labor, and
eliminate the problem of lost film that results
in lost revenue and repeat exams.

e Save on square footage as existing file rooms
decrease in size and new projects require
smaller file management areas.

e Improve staff productivity through better
accessibility to diagnostic results.

e Improve turnaround and quality of diagnosis
through better access to comparative studies.

e Simplify operational workflow in diagnostic
imaging services by automating the access to
images and reports and making them
simultaneously accessible to radiology and
clinical staff. Improve the productivity of
imaging devices through reduction in time
spent filming and processing studies — time
which is then available to do additional
procedures.

e Physician will to reading cases directly from
computer monitors (called “soft reads”).
Implementation of  WCL-Viewer  with
physician support has resulted in physicians
being willing to convert to reading images
from a monitor, stopping to continue “hard”
reading from film.

All those stated above, even though noted by
users, are features and advantages of a large number
of PACS used and developed up to present. Yet in
addition to all those benefits, WCL-Viewer provides
even more, regarding any other PACS available
today. Those are:

e It is completely user-oriented. It was designed
under close collaboration with several doctors,
clinicians and physicians. Their individual
notes and  guidelines, regarding the
application’s functionality and interface, was a
catalytic factor to its final easy-to-use state of
implementation.

e An extremely useful educational tool, easily
comprehensive and accepted by the wvast
majority of either medicine students or hospital
staff trained throughout the time space of
implementation of the WCL-Viewer.

e WCL-Viewer managed a technological
“completion” of many communication
protocols, such as DICOM, H.320, TCP/IP,
HL7 and ICD-10, so as all those to “cooperate”
as a whole presenting no functionality
problems, whatsoever.

e WCL-Viewer engulfs a part of messaging
communication by using HL7 standard for this
purpose. This feature provides an additional
“safety”, regarding safe data communication,
process and delivery.

e WCL-Viewer adopts medical image data
compression by using JPEG2000 compression
techniques [18], which can compress the
original data of the images up to 98.4%
without any loss in their diagnostic information
[19] [20].

e Finally, WCL-Viewer presents encryption and
security. These feature added an obvious
advantage, regarding the security of sensitive



medical data, such as diagnosis text and
patients’ personal medical data.

6. Conclusion

The strategic objective of the WCL-Viewer is to
improve service to patients, radiologists and
physicians.  Improving operations within a
department, although likely, should not be the top
priority. WCL-Viewer is expected to speed decision-
making and decrease the time to diagnosis and
treatment compared to the existing systems (film-
based or not) as physicians will have quicker, parallel
and simultaneous access to their patients’ imaging
studies. It is also expected to implement a new era in
education and training, replacing or “enhancing” the
existing ways as the benefits are no less substantial.

The quality of work and education should also
improve because of consistent image quality and
faster, more complete interpretations made possible
by the consistent availability of previous or
complementary studies.

The consequent use of internationally recognized
standards, especially the DICOM 3.0 standard for
image communication, allowed the integration of
systems from different vendors.

Additionally, its security features provide safe
storage, retrieval and delivery of medical data, which
makes WCL-Viewer a rather original and strong
application for a range of implementation purposes,
even as a commercial product.
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