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- We present the preliminary results of our ex-
perience in implementing a virtual diagnostic
imaging department by merging the computer
networks of two different institutions. We discuss
the difficulties encountered, technical strategies,
resulting setup, and future vision for this type of
multicenter department.

- We aim to define a modd for a completely inte-
grated multicenter diagnostic imaging depart-
ment.

. We describe one possible approach to the prob-
lem posed by the shortage of radiologists that
could alleviate the difficulties that small hospitals
face in meeting their diagnostic imaging staffing
needs.

INTRODUCTION

The CSPT is a public healthcare institution located
in Sabadell, Spain, approximately 20 km from
Barcelona. It is comprised of five integrated cen-
ters that deliver general and specialized healthcare
to an area of approximately 400,000 people. The
UDIAT is the center responsible for supplying
central diagnostic services (laboratory, pathology,
and diagnostic imaging) to the other centers mak-
ing up the group. Since it was founded in 1992, the
UDIAT’ s innovative organization and creative use
of new technologies have helped to make it a pio-
neer in Spain and set it apart from the rest of the
field.

The Digital Medical Image Center (DMIC) is the
UDIAT’s Information Technology group. Apart
from ensuring the smooth running of the UDIAT's
digital network and teleradiology connections with
a number of other hospitals throughout Catalonia
and Spain, thisteam of 21 people, including com-
puter scientists, telecommunication engineers,
mathematicians, and medical doctors, works to-
gether with radiologists, nuclear medicine physi-
cians, and other medical specialists to develop
much of the software necessary in the diagnostic
imaging and pathology departments. Fourteen
years experience, including the development of

diagnostic workstations, PACS, and other prod-
ucts, together with participation in severa large-
scale experimental projects, has provided the
DMIC with the theoretical knowledge and practical
know-how that are essentia for this project.

The UDIAT, through the DMIC, holds the copy-
right and patents for the image storage software
(PACY), viewers, and information management
system (RIS).

The UDIAT uses the software developed by the
DMIC in three digtinct ways:
It employs it internally to meet the day-to-
day needs of its steff.
It distributes licenses for its use a other
hospitals and imaging centers. In this con-
text, the DMIC also offers consulting ser-
vices and provides the installation, imple-
mentation, and maintenance of the soft-
ware when required.
It uses the software in its collaborative
agreements to provide diagnostic imaging
services to other centers in Catalonia and
in other regionsin Spain.

Through the I2CAT project, an initiative to de-
velop an experimental platform using an internet 2
network for advanced internet services and appli-
cations delivered through a very wide band con-
nection, a Digital Radiologica Network was cre-
ated in Osona county (Catalonia). This enabled the
Hospital Genera de VIC (HGVIC) to digitize the
entire set of radiologic images generated in the
hospital itself. Furthermore, this project made it
possible for the HGVIC to gain access to al ra-
diologic images generated in all of the primary
care centers located throughout the county.

However, due to the shortage of radiologists
throughout Europe, the HGVIC, like other small
hospitals in reatively sparsely populated areas
situated relatively far from large cities, experiences
certain difficulties in attracting radiologists. More-
over, given the hospital’s catchment area and cor-
responding infrastructure, it would not be cost
effective for the HGVIC to maintain a full staff of



radiologists highly trained in al of the different
subspecialties.

On the other hand, the UDIAT is a radiologica
referral center for all of Catalonia and forms part
of a university teaching hospital. The UDIAT hasa
total of XX radiologists, organized by organ sys-
tems to take full advantage of the staff’s highly
specialized knowledge, as well as twelve radiology
residents that rotate among the different subspe-
cidties. All of this, together with the UDIAT's
extensive experience in teleradiology, gives the
UDIAT the medical and technological capacity to
assume part of the HGVIC's diagnostic imaging
workload.

BACKGROUND

Quality diagnostic imaging has always depended
on knowledge and information sharing among
professionals. Traditionally, this meant that hospi-
tal diagnostic imaging services were necessarily
supplied by in-house imaging speciadists working
in interdisciplinary teams throughout the health-
care process to ensure best practice.

In cases like the HGVIC, located at a certain dis-
tance from densely populated areas without the
infrastructure and resources to make employing
full-time specialists and subspecialists worthwhile,
the traditional setup offered two different solu-
tions.

First of al, radiologists, like other physicians,
could commute from the city on a periodic basis to
serve the rural population in the place where the
examinations are performed. In this case, the
commuting specialist acts as a part-time member
of the staff of the smaller hospital, interacting with
local staff and consulting onsite clinical histories.
A second approach involves transporting the pa-

tient and his clinical history to a healthcare center
equipped with the staff and technology to dea with
his or her health problem.

Both of these solutions involve complicated logis-
tics, as patients need to be scheduled and resources
alocated according to their availability. Moving
professionals and/or patients entails inherent risks
and the costsinvolved are often prohibitive.

New technologies have led to the development of
teleradiology, i.e. transmitting radiologic images
from one location to another using LANs within an
ingtitution or over greater distances through stan-
dard telephone lines or satellite connections. Tel-
eradiology, as such, enables image interpretation
and/or consultation from remote sites.
Nevertheless, radiologists cannot work in a vac-
uum. Diagnostic imaging is a clinical specialty.
This means that these professionals need to be able
access to al of the patient’s clinical information as
well as prior imaging studies, interact with other
clinicians, and have a say in follow-up and other
management decisions. Likewise, clinicians often
need access to imaging studies as well as the radi-
ologist’s report. After al, apicture is worth a thou-
sand words. Ideally, professionals from both cen-
ters would be able to interact with one another as if
they were working at the same institution.

The need for information sharing and interaction is
not limited to medical staff. Other necessities, like
scheduling and billing, also need to be coordinated
between the two centers.

From an organizational and technical point of
view, it was important that the solution allow each
ingtitution to take full advantage of its existing
information systems to amortize previous invest-
ments in time and money. Rather than create a new
system to replace or work alongside the existing
systems, we aimed to develop a solution that
would be totally integrated into each of the two
ingtitution’ s separate systems. We understood total
integration to mean that aradiologica examination
scheduled through the RIS of the HGVIC would
automatically appear in the work list of a radiolo-
gist at the UDIAT as pending interpretation and
reporting as soon as the UDIAT’s PACS received
the images. This should take place without any
specia action on the part of the technologist at the
HGVIC or of the radiologist a the UDIAT. The
technologist’s routine would be exactly the same
as if the examination were to be interpreted by a
radiologist at the HGVIC. Likewise, from the radi-
ologist’s point of view, there would be no differ-
ence between the patient from the HGVIC and one
that had been examined at the UDIAT. In effect, it



is as if the patient had been transported to the
UDIAT, but in reality, only his information made
the journey. Undoubtedly, this solution is more
efficient than the system of transferring the patient
by ambulance or sending the printed film and cor-
responding clinical information by courier.

The IT solutions developed by the DMIC enable
the UDIAT and the HGVIC to share patients
clinical information and images, provide diagnostic
services over a distance, and collaborate in taking
advantage of the available resources and special-
ized knowledge at each center.

WORKFLOW

The following diagram shows the solution de-
signed by the DMIC.

As shown in the diagram, everything begins when
a patient is scheduled for a radiological examina-
tion at the HGVIC. The HGVIC's RIS will send
the work list containing this patient to the appro-
priate modality, in the same manner as would hap-
pen with any other patient in the workflow in force
before our solution was applied. The technol ogist
working at the modality will perform the examina-
tion as usual, and when the examination has been
completed the images will be sent to the HGVIC's
PACS. Up to this point, on the surface nothing
specia has taken place, and the workflow related

to image acquisition has apparently not changed.
However, below the surface, messages have been
exchanged between the affected agents that will
determine that the study will be interpreted and
reported at the UDIAT instead of at the HGVIC.

The details of the internal interchange are as fol-
lows:

- First of al, the HGVIC's RIS decides to
send arequest for remote interpretation and report-
ing to the UDIAT's RIS. This decision is made on
the basis of protocols derived from previously
established agreements between the two centers
detailing the type and number of studies that the
UDIAT will take charge of. The request message
sent to the UDIAT’s RIS contains al of the rele-
vant information concerning the examination From
this point onward, the UDIAT’'s RIS treats this
information in the same way as if it had received
the request from its own system, and it will be
waiting to receive notification of the receipt of the
images in order to place them in the queue to be
interpreted and reported on by one of the UDIAT’s
radiologists.

- Practically at the same time as the inter-
change of messages between the two RIS, the
HGVIC's RIS will notify its PACS that the study
that has just been scheduled should be sent to the
UDIAT s PACS as soon asit arrives.

- Once the UDIAT’s PACS has received
the study from the HGVIC's PACS, it will notify
the RIS that the study is available and awaiting
interpretation and reporting.

- At the UDIAT, the radiologists’ workload
is organized according to organ systems. This
means that studies are directed to specific radiolo-
gists in function of the organ or system affected.
The RIS uses a specific catalogue of studies, e abo-
rated according to prior agreements between the
two centers, to distribute the studies to the appro-
priate radiologists for interpretation and reporting.
The pertinent radiologist will see the pending study
in his work list and will deal with it in due time
(according to the agreements reached between the
two institutions with respect to the prioritization of
studies) as part of his normal workflow. The radi-
ologist uses the same tools he is accustomed to
using to interpret and report the study, and from his
point of view there is no difference from a case in
which the images had been acquired at the



UDIAT’s modalities and scheduled through the
UDIAT'sRIS.

- Finally, when the report has been signed
by the radiologist at the UDIAT (using the elec-
tronic signature system incorporated into the insti-
tution’s RIS), the UDIAT's RIS sends a message
containing the report to the HGVIC's RIS, which
in turn will incorporate the report as if it had been
elaborated within the hospital and then distribute it
in the usual way to the physician who had initialy
requested the examination.

It should be evident that the users of the two dif-
ferent systems will be working with their own
systems throughout the process. This minimizes
problems and saves time and money as retraining
and corresponding learning curves are obviated.

PROBLEMSENCOUNTERED

The main problems that we have come up against
in the first sx months in which the solution has
been up and running are:

Ensuring the safety and security of the
connections for information interchange
between the two centers. The level of in-
terconnectivity between the two systems
requires a very fast connection and a high
level of security. Luckily, both ingtitutions
are connected to the “Scientific Ring”.
This network enables connections of at
least 2Mb and enjoys a dedicated infra-
structure, and this made this interconnec-
tion somewhat easier.

Achieving the high level of availability of

the information systems and the extensive
hardware intervening in this solution has
been a chalenge. As detailed above, many
different systems are involved and these
are constantly exchanging information. It
is essential to avoid delays in the entire
process due to the unavailability of one of
its components. The goal is total availabil-
ity at al points in the system, 24 hours a
day, seven days aweek.

Reaching an initial consensus with respect
to the mapping of the “Type of Test” cata-
logue used at each center. It is essentid to
ensure that the two ingtitutions “speak the
same language”, at least as far as the ex-
aminations to be dealt with jointly are con-
cerned. The solution can only function cor-
rectly if the catalogue of examinations and
the procedure for their performance is
agreed upon in advance. The UDIAT's ra
diologists must understand exactly what is
required of them when they interpret and
report the study on the basis of the descrip-
tions supplied by the HGVIC's RIS. The
interpretation of this catalogue needs to be
reviewed and revised periodicaly, as the
work approach used in each institution
might have changed.

Administrative supervision and follow-up
of the workflow. At first glance, it might
appear that the level of automation de-
scribed could enable the system to work
without anyone supervising it. In redlity,
this is not possible. There will always be
connections that stop functioning one day
or another, messages that get stuck, billsto
send, and a long list of etceteras. Some-
body needs to supervise the system, to
handle the billing for these services, to
make sure that the deadlines are met and
that the level of quality is as high as can be
expected, and to report any adverse techni-
cal incident to the DMIC, who isin charge
of solving the problem.

LEVELS OF USAGE AND SATISFACTION

During the first six months that the system has
been in use, the level of usage is what we had ex-
pected and the HGVIC is more than satisfied with
the service provided. The HGVIC's immediate
diagnostic needs have been fulfilled and talks are



underway to reach an agreement for a second
phase including a greater number of examinations.

The following table shows the usage thus far:

Performed | Incidents

July 05 15

August 05 144

September 06 | 109

October 06 191

December 05 | 187

January 06 191

February 06 211

March 06 226

8
5
4
5
November 05 | 200 1
2
2
0
0
1

April 06 190

The incidents column reflects all types of inci-
dents, whether technical or other.

CONCLUSION

The solution provided by the DMIC has enabled

the UDIAT and the HGVIC to share clinical in-
formation as well as images. This in turn makes it
possible for the two centers to collaborate in pro-
viding remote diagnostic imaging services, taking
advantage of the availability of the UDIAT's
highly specialized staff to meet the HGVIC' s diag-
nostic needs. The HGVIC's prablem of not being
able to deal with the diagnostic workload with the
radiologists it can contract is solved, while the
human resources concentrated at the UDIAT can
be used more efficiently.

As aclosing note, it is important to remember that
pioneering a new approach will always involve a
certain degree of initial instability; however, once
this stage has been overcome, the company is re-
warded with increased prestige and a greater share
of the market.
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