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Abstract:- The paper presents new concepts of cooperating computer medical information systems. the control of
dialysis and decision supporting system (CDDS), and the Integrated Information System (11S) which uses information
produced by one or several CDDS-systems. The main computer technology used is component or object oriented
modeling and programming applied to implementation of control algorithm, modeling of dynamic dialysis processes,

multimedia data-base and decision supporting unit.
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1 Introduction

To be of real usefulness, medical information systems
cannot avoid considerable complexity. The reasons for
that complexity are numerous. multimedia nature of
data (numerical data, text, pictures, graphics, sounds,
etc.), databases of distributed character (external and
internal laboratories, databases of medicaments or
transplants, previous hospitaizations), knowledge that
does not easily submit to mathematical formalism. On
the other hand, the need for support assured by infor-
mation technology is increasing. To manage the com-
plexity of medical tasks of the present time, the modern
“soft-technology” is pressingly asked to help.

In this paper the control of dialysis and decision sup-
port (CDDS) of physicians is in focus of attention. The
system realizing these tasks has been described and its
role in the more genera Information System has been
pointed out.

2 Medical background
Kidneys are part of urinary system. The basic activity of
kidneys is producing and dismissing of urine which
consists mainly of water and substances dissolved in it.
Due to its dismissive function, kidney contributes to the
maintainance of stable capacity and appropriate ingredi-
ency of intraconstitutional liquids. The constancy of this
internal environment is an indispensable condition for
regular functioning of cells, tissues and organs of a hu-
man organism. Thanks to kidneys, dehydration or over-
hydration of organism is prevented. Kidneys regulate
also the ingrediency of constitutional liquids.

Dialysis centres deal with treating people whose kid-
neys do not act properly, which means that they do not
regulate the capacity or the ingrediency of the intracon-
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stitutional liquids. In result, their organisms are being
distroyed by toxins, urea and other substances superflu-
ous to organism.

Actually, treatment of incapacity of kidneys is rather
more of maintaining lives of patients than of liquidating
reasons. It consists in replacing the work of natural kid-
neys with interventions called didysis. Didysis is an
intervention simulating the work of a natural kidney.
Intraconstitutional and metabolic activities still remain
handicapped or there is an absolute lack of such activi-
ties. Dialysisis the only form of maintaining an ill man
alive. It gives him the possibility of awaiting kidney
trangplantation. At present, in medicine two kinds of
dialysis are applied: hemodiaysis and peritoneum dialy-
sis. Here the hemodialysis is of particular interest. He-
modialysis is a way of clearing blood of substances
toxical for organism (urea toxins, urinary acid, creatinin,
urea), dismissing excess of water and providing sub-
stances necessary for functioning to regenerate the in-
traconstitutional environment. During diaysis, blood
clearing takes place beyond human organism and is
carried out with the help of a device caled artificia
kidney.

Rehabilitation, quality, and efficiency of the dialysis

interventions, and accessibility of services within this
domain is an important problem in health care. Appro-
priate dosage of dialysis intervention causes optimaliza-
tion of use of apparatus and financial means, as well as
maximal prolongation of the lives of ill people who are
object to treatment.
Hemodialysis, as every medical treatment, should be
individualized, i.e. performed relevant, to the needs of
every patient. Only in this way the diaysis can be opti-
mal from medical and patient point of view, and due to
the optimal use of the apparatus the cost can be signifi-
cantly reduced [1].



3 CDDS System

The task of the system supporting the work of dialysis
department is gathering and making accessible informa-
tion about the patients, the medical staff, the courses of
individual diaysis processes, the apparatus and the
medical materials gathered at the department. On the
basis of this information, the system supports estimation
of the health condition of a patient and help to deter-
mine an individual course of the next diaysis for each
patient. The system registers patients with protracted
incapacity of kidneys and supports the decision of a
doctor about accepting or rejecting a patient for dialysis
in given centre. The system supports aso the care of the
doctors over patients after kidneys transplantation. An
important part of the CDDS system are the modules of
the data protection and of communication among the
kidney transplantation centres — the 11S system. The
basic task of the cooperation between the two systemsis
to support decisions and provide effective communica-
tion, which aims at bringing about the intervention of

Dialysis departments should be computerized because
of their specific form of the patient’s contact — three
times aweek for afew hours.

3.1 Information flow

The doctors at the diaysis department perform internis-
tic care over the patients with kidney incapacity and
over the patients after kidneys transplantation. To this
end, they gather information about the patients and the
results of clinical and laboratory research (Fig. 1). Each
patient’s file contains information on his illness history,
his health condition, and includes precise data describ-
ing the dialysesalready performed. Information about
the condition of a patient serves for estimation of his
health condition and adequacy of the dialysis processes.
On this basis the doctor, supported by a decision sys-
tem, can determine an optimal algorithm for individual
dialysis process for each patient.
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Fig 1. Control of dialysis and decision supporting system (CDDS)

the kidneys transplantation, and taking care about a
patient after the transplantation is executed.
Development of intranet technologies, distributed
databases and algorithms of machine — intelligence cre-
ate new possibilities of supporting and automation of
work in spheres demanding great experience, knowl-
edge and intellect, one of which is medicine as well.

3.2 Tasks and design of the system units

The basic part of the system is a distributed database
with information described in multimedia form (X —
rays, the examination results in the form of graphs, dia-
grams and descriptions in the form of sound files). The
optimal control of the dialysis process is based on the



clinical knowledge given in the form of rules used for
concluding about the health condition of a patient.

Apart from the clinical methods, dialysis estimation
employs also parametrical methods based on mathe-
matical modelling of urea kinetics of the dialized patient
[5]. There are two basic groups of techniques of such
modelling: the first — direct, estimating urea dismissing
with the dialysis liquid; the second — based on the indi-
rect determinations on the basis of the changes of urea
concentration in the patient’s serum. The direct methods
are of one section or of two sections — those regarding
fast increase in urea concentration in serum immediately
after the dialysis. The elaborated twosection model is
verified on the basis of the method of direct determina-
tion of the amount of urea dismissed in the dialysis lig-
uid. In our research it is possible to improve the accu-
racy of the identified mathematical model by perform-
ing the research not only during one dialysis in a week-
time (f.e. in the middle of the week), but by gathering
the information during al three diayses performed in a
weektime [3]. It is possible due to the use of the method
of the direct determination of urea in the dismissed di-
alysis liquid, which is not connected with the necessity
of receiving blood from the dialysed patients. Progress
in the field of mathematical identification methods and
modelling as well as the computer algorithms from the
scope of machine intelligence, is presently giving a
chance for a new, unconventional approach to solving
the problem of estimation of dialysis' adequacy.

Another part of the decision system supports aso the

care over the patients after kidney transplantation and it
supports the doctor’s decision about accepting or re-
jecting the patient’s request to enrol him on the list of
patients dialysed in the given centre. This is an ex-
tremely responsible task, since protracted incapacity of
kidneys and the lack of possibility of dialysing the pa-
tient can lead to his death.

4. Integrated Information System

Apart from the optimization and the estimation of ade-
quacy of the dialysis process, another method to in-
crease the possibilities of dializing a greater number of
people with protracted incapacity of kidneys is to in-
crease the number kidney transplantations. The time
from the moment of the donor’'s death to the kidney
transplantation cannot exceed several hours. Because of
the number of examinations which are due to be donein
the immunological laboratory on the donor’s organ and
because of the different time of the day when the do-
nor's death might occur, this time must be used at the
optimum level. The scattering of intensive therapy de-
partments, dialysis departments and the place of resi-
dence of the person being subjected to transplantation
puts forward the problem of speed of information flow
and decision taking. All these factors advocate the in-
troduction of computer support and the computer inte-
gration of actions of all the subjects taking part in pre-
paring the dialized patients, the departments of intensive
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therapy and the teams of doctors participating in kidney
transplantation.

The basic knowledge that should be described in the I1S
system concerns cases of use of the system by various
users, the flow of information inside and among the
centres. Figure 2 represents the diagram modelling the
flow of information among the departments discussed.
The tasks in which the designed system takes part in-
clude among the others:

Info 1 — Creating of a new object of Patient type and
locating it in the object of The list of patients type. This
object is sent from the diaysis centre to the regiona
centre, where it is located in the object of The regional
list patients type.

Info 2 — Periodical up-dating of the information about
every ill person from the list of patient of the given di-
alysis centre. These data update the data concerning a
suitable subset of the patients from the regional list.
Info3 — Sending of the object of Patient type to the
main centre of transplantation, where it is located in the
object: The central list of the patients.

Info 4 — Periodical up-dating of the information about
every ill person from the regional list of the given re-
gional centre. These data update the data concerning a
suitable subset of the patients from the central list.

Info5 — Sending a demand for sending a patient from
the given dialysis centre to the transplantation centre for
the purpose of performing of kidney transplantation.
Info 6 — Sending a patient together with his history of
the illness to the transplantation centre.

Info 7 — Sending the information about the donor of
the organ from the department of intensive therapy to
the regional transplantation centre.

Info 8 — Sending the information about the donor of
the organ from the department of intensive therapy to
the main transplantation centre.

Info 9 — The information telling whether the donor had
reserved the right to not receiving his organs.

Info 10 — Sending of the samples of organs for the im-
munological examination.

Info 11 — Sending of the results of the immunological
examination from the immunological laboratory to the
department of intensive therapy.

Info 12 — Sending of the results of the immunological
examination from the immunological laboratory to the
regiona transplantation centre.

Info 13 — Sending of the results of the immunological
examination from the immunological laboratory to the
main transplantation centre.

Info 14 — sending of the dialized patient for the exami-
nation in immunological |aboratory.

Info 15 — Sending of the results of the immunological
examination to everyone.

Info 16 — Communication between the regional centres
and the main centre regarding the best person to be
subjected to transplantation. It is aways an ill person
from the central list.

Info 17 — Sending of the ill from the regional centre on
the operation to the surgical department.

Info 18 — The return of a patient after the operation
from the surgical department for the regiona transplan-
tation centre. The results of post — operation examina-
tion of the given patient are also sent.

Info 19 — In the case of death of the patient — sending of
the information from the dialysis centre to the regional
centre.

Info 20 — In the case of death of the patient — sending of
the information from the regiona centre to the main
centre about the remova of the patient from the centra
list.

Info 21 — Rejection or acceptance of the patient for the
dialysis.

Info 22 — Registration of the patient after of the kidney
transplantation.

According to the state-of-the-art designing and to the
demands imposed by the clients, the project of the sys-
tem alows performing of changes in its structure. To
assure the velocity of the changes performed, a method
of information system modelling based on the language
of modelling UML as well as on the methods of Jacob-
son, et a. has been used [2], [4], [7], [9]. At the stage of
gpecification of the clients' needs, hypertext documents
and various forms of diagrams have been applied.

5 Conclusion
The research performed aims at creating a new

generation of computer systems using the latest
achievements of medicine, health care over the patient,
rehabilitation of the dialized persons and of the persons
after trangplantations, as well as intelligent computer
systems.

The range and the aims of the scientific and devel-
opment research cover:

1. the research in health rehabilitation, as well as in
psychologica and social ones, the improvement of
the quality of life, increase in the acceptance of the
treatment performed and creation the possibility to
return to the professional activity of dialized persons
and of the persons after kidney transplantation
(handicapped people);

2. the research in the epidemilogy of the chronic inca-
pacity of kidneys,

3. the egtimation of the life quality of the patients
dialized or after kidney transplantation;

4. the improvement of the quality and efficiency of the
dialysis services, the investigation of the influence of
the quality of dialysis services on the patients’ sur-
vival;

5. computer modelling of the biochemica blood
changesin the dialysed patient;

6. minimization of the diaysis coasts and increase of
their accessibility;



7. the estimation of efficiency of the treatment with the
kidneys transplantation method,;

8. comparison of the costs of the treatment of extreme
incapacity of kidneys with the hemodialysis and kid-
ney transplantation methods;

9. compuiter, intelligent methods of information filtra-
tion and knowledge acquisition of intelligent com-
puter agorithms and intelligent multiagent environ-
ments.

The range of the implementation works — the products
and the technologies:

1) Complex information system for the centres of dialy-
sis and kidney transplantation centres.

2) Complex information system integrating the centres
of diaysis and kidneys transplantation.

3) Computer models of the processes occurring in the
dialized person’s organism.

4) Efficiency estimation methods of effectivity for he-
modialysis processes and of the kidney transplanta-
tions.

5) The knowledge and scientific information base for
postgraduate education of doctors, nurses and tech-
nicians for dialysis and kidneys transplantation cen-
tres.

6) Information service about the Polish and foreign
scientific research in dialysis and kidney transplan-
tations for the needs of the dialysis centres (the trans-
fer of technology).

7) Supporting diagnosing, therapy and transplantol ogy.

The above work presents an essential part of the reaized
system.

Acknowledgement
This research has been partly supported within a grant
from no. 11/22/98/G the City of Lodz Office, Poland.

References:

1. B. Canaud, A simple and accurate method to deter-
mine equilibraed post-dialysis urea concentration,
Kidney International, Vol. 51 (1997) pp. 2000-2005.

2. J. Filutowicz, Z. Filutowicz, P. Szczepaniak, A.
Kmiecik, Object and Component Oriented Modelling
of Complex Medica Systems, Proceedings of
EUROMICRO Conference on Progress and Product
Improvement. Milano, Italy, 1999 (submitted)

3. J. Filutowicz ,Z. Filutowicz, P. Szczepaniak, Com-
puter aided measurement of hemodiaysis adequacy.
Proceedings of 5-th International Conference on
Computers in Medicine. Lodz, Poland, 1999 (ac-
cepted).

4. M. Fowler, S. Scott, UML Distilled. Applying the
Standard Object Modeling Language, Addison
Wesley, 1998.

5. Guh Jim-Yuh, Prediction of Equilibrated Postdialy-
sis BUN by an Artificial Neural Network in High-

Efficiency Hemodialysis, American Journal of Kid-
ney Diseases, Vol.31, No.4(April)1998, pp.638-646.

. S. Holzer, J. Dudeck, Patient Care Evaluation Stud-

ies Applying the Concept of Quality Management in
Oncology, Medical Informatics Europe’97, 1SO
Press 1997, pp. 814-818.

. 1. Jacobson, M. Chisterson, P. Jonsson, G. Overgad,

Object Oriented Software Engineering. A Use Case
Driven Approach, Addison Wesley, 1996.

. G. Lanzola, C. Fassino, S.Quaglini, M. Stefanelli,

An Agent-Based Architecture Supporting Collabora-
tive Work Within Health Care Organization. Pro-
ceedings of Third International Conference on Neu-
ral Networks and Expert Systems in Medicine and
Healthcare, Pisa, Italy, 1998, pp. 3-11.

. N. Sakamoto, A practical object oriented approach to

development of a next generation hospital informa-
tion system, Proceeding of the Medinfo’98 Confer-
ence, Seoul, Korea, 1998. pp. 77-83



