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Komplexni modely integrovanych fyziologickych systémii - teoreticky
podklad pro lékarské vyukové simulatory

Complex model of integrated physiological systems - a theoretical
basis for medical training simulators

Kofranek J.

For the teaching of medical decisions are of great importance of a comprehensive training
simulators, including models of various physiological subsystems, but also integrating them into a
comprehensive whole. Medical simulators have recently become the sought-after commercial
commodity. For example, the Advanced Simulation Corporation manufactures flight simulators, since
1993 also focuses on the development of medical simulators (http://www.advsim.com ). User
interface of training simulators is not just a computer screen. It can also be computer-controlled
manikin patient. Sophisticated simulators with a dummy patient for example, offer Lardeal
(http://www.laerdal.com) and METI (http://www.meti.com/) companies. Like the airline pilot
simulator, medical simulator is controlled by an operator from a location where the teacher can
control the simulated patient and choose between various scenarios simulated disease. The core of
medical training simulators is a complex model of physiological regulation of the human body,
connected with a hardware simulator. Its detailed structure (the system of equations and the
parameter values) is usually not published and becomes a carefully protected technological know-
how. There are also an open source models of integrated physiological systems. One of them is a
large model of Coleman et al. called Hummod (http://hummod.org) implemented by almost three
thousand XML files. Our implementation of this model in the Modelica language has brought a much
clearer description of the simulated complex physiological relationships than XML implementation.
We uncovered several mistakes in the original model, the model we have modified and expanded in
particular in modelling acid-base homeostasis. Our implementation model Hummod
(http://physiome.cz/hummod) will provide a theoretical basis for training simulators. In its
implementation we will use our web simulator creation technology.

Pro vyuku lékatského rozhodovani maji velky vyznam komplexni vyukové simuldtory, zahrnujici
modely nejen jednotlivych fyziologickych subsystémd, ale i jejich propojeni do komplexnéjsiho celku.
Lékarské simulatory se v posledni dobé staly i Zadanym komercnim artiklem. Objevily se i v nabidce
fady specializovanych komer¢nich firem. Tak naptiklad americka spolec¢nost Advanced Simulation
Corporation, vyrabéjici letecké simulatory, se od roku 1993 vénuje téz vyvoiji Iékarskych simulatori
(http://www.advsim.com). Uzivatelskym rozhranim vyukovych simuldtor( nemusi byt jen obrazovka
pocditace. MlZe jim byt i pocitacem fizena figurina pacienta. Sofistikované simulatory s figurinou
pacienta napf. nabizeji firmy Lardeal (http://www.laerdal.com/) a METI (http://www.meti.com/).
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Vyukovy trenazér je, obdobné jako u leteckych pilotnich simulatord, fizen ze stanovisté operatora,
odkud ucitel mize ovladat simulovaného pacienta a volit mezi nejrliznéjsimi scénari simulovanych
onemocnéni. Jadrem vyukovych simulator( je komplexni model fyziologickych regulaci lidského
organismu, propojeny s hardwarovym simulatorem. Jeho podrobna struktura (soustava pouzitych
rovnic a pfislusné hodnoty parametr(i) obvykle neni zverejiovana a stava se peclivé chranénym
technologickym know-how. Existuji také ale i open source modely integrovanych fyziologickych
systému. Jednim z nich je rozsahly model Colemana a spol. Hummod (http://hummod.org)
implementovany pomoci témér tfi tisic XML souborl. Nase implementace modelu v jazyce Modelica
pfinesla mnohem prlzraénéjsi a zfetelnéjsi popis modelovanych fyziologickych vztahd. Odhalili jsme
také nékolik chyb v plvodnim modelu, model jsme modifikovali a rozsifili zejména v oblasti
modelovani acidobazické homeostazy prostredi. Nase implementace modelu Hummod
(http://physiome.cz/hummod) bude slouZit teoretickym podkladem pro vyukové simulatory. Pfi
jejich implementaci budeme vyuzivat nasi technologii tvorby webovych simulator(.
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