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Abstract

In this paper, a patient model using Artificial
Intelligence techniques is proposed in the corméxt
a Virtual Reality-based training simulator for
medical emergencies.

Some implementation aspects of this training
simulator are also described; emphasizing how
patient behaviour is modelled by means of an
Expert System and how this approach can emulate
the complex behaviour required for this application

We also present some discussion about the sense
of presence, and how this modelling approach
works well, eliciting high degrees of presence.
Finally, some issues about the implementation
process of the knowledge base are discussed.

Keywords. simulator, expert system, behaviour,
fuzzy logic, medical emergencies.

1. Introduction

Training certain skills prior to real practibas
become very important nowadays. In some cases,
practical lessons, where the trainee faces a real
situation, are necessary to achieve a complete
training. Unfortunately, this is not a feasible
solution in some situations, e.g. when the use of
very expensive and/or sensitive equipment is
required, or in a dangerous training environment,
where risk to human life may exist. Such is thescas
in medicine, aeronautics, the automobile industry
and in power station control or in the emergencies
services.

With this kind of tool, students can build "inusit
mental models to solve the problems they face [1].
However, stressful situations, like those mentioned
above, usually imply a high level of stress and
anxiety, which tends to block the mental processes
necessary for this model building. Because of this,
eliciting a high level of presence [2] is importamt
some training simulators in order to induce these
states of anxiety and stress during the trainirfgs T
can be achieved by the use of Virtual Reality (VR)
tools.

The spectacular increase in computing power has
made possible the development of more powerful

training simulators, from the very first systemshwi
physical environment recreations, to the latestspne
based on VR.

We can find another similar evolution concerning
the complexity of models used in simulators.
Artificial Intelligence (Al) has allowed the
development of more believable virtual living besng
Therefore, when a high level of presence is require
we should increase the behaviour credibility ofnlgy
beings inhabiting the virtual world and model thiem
the appropriate manner [3].

In particular, in a medical simulation, patient
behaviour needs to be very complex and believable,
and so, the virtual patient must be carefully mizsdel

In this sense, there are many mathematical and
physical models, which attempt to analyse and
emulate the behaviour of the human organism under
certain conditions and different stimulus, but only
partially [4] [5]. On the other hand, in some other
cases, the patient modelling is aimed at a global
model of organism responses, with a low level of
accuracy.

In order to overcome these difficulties, an exp
system (ES), based on the achieved knowledge of a
specialist, is suggested as a model of the complex
behaviour of a virtual patient, within a medical
training simulator.

Medical problems are never black and white; the
knowledge base from which a doctor acts and reacts
is not absolute, there will always be a degree of
uncertainty  regarding the facts Although
professionals in this field have the know-how talde
with these problems along with their uncertain
features, it is difficult to extract that knowledffem
them in a formal way.

In the case studied in this paper, the problenots
finding the causes behind the patient organism
behaviour, as in diagnosis. The problems are
predicting patient behaviour, obtaining full
knowledge of the concrete clinical case and knowing
the actions that the doctor in training will takeridg
the simulation.

For the above reasons, an ES has been used to
continuously provide information about patient
behaviour. In this way, a complex behaviour is
achieved based on rules, which correlate with those
of the expert. Through these rules, the ES is altde



system), where an ES is the Al toolkit used as a
diagnosis and monitoring tool in the medical field.
Furthermore, knowledge-base systems have been
incorporated in various simulations and training
applications. For example, the use of Al formalism
for the implementation and integration of
physiological models of virtual patients is desedb
in [10]. TOUCH [11] is another training simulator,
which uses an Al simulator to control conditionsaof
virtual patient after a head trauma. The Al rules f
TOUCH are developed by generating a patient-
response grid. This response grid outlines theskh
evolution path with points of user interaction and
possible responses.

Figure 1. The student can see within the virtual
environment, the virtual patient, and the equipment
used for the treatment.

2.2 Training Simulators

Most of the up to date medical training simulatans

to work with uncertainties and vagueness inherent based on Interactive Multimedia Programs (IMPs).
to the problem. IMPs exploit PC multimedia means (sound, audio,
In this paper, the development of UVIMO is also  video) and their advantages are low cost, and
presented. UVIMO is a training simulator prototype complex model simulation. However, the user
based on VR technology, to be used in medical INteracts with the simulator through traditional
emergency training within Mobile Intensive Care computer peripherals and the communication is
Units (MICU). UVIMO recreates an environment, usually based on written questions that the virtual
which tries to emulate the cognitive pre-hospital Patient answers by playing pre-recorded audio files
assessment and care demands of a real emergencyHence, itis difficult for the_ user to achleve_ tigpical
An ES is used to model an insulin diabetic virtual Stress level of a real situation. BodySim [12] or
patient suffering a myocardial heart attack. It has Resussim [13] are some of the most representative

been developed using information obtained in Systems. Recently, RTI (Research Triangle Inslitute
interviews with specialists in the field of of North Carolina (USA) has launched VirtualEMS

anaesthesiology. [14], this is very similar to those mentioned befor
In the next section, the role of Al and VR butwith arealistic 3D graphic interface. 3
simulators in the field of medical training is Other simulators are based on specifically

described. Section 3 gives an overview of the designed equipment. An especially significant
patient behaviour modelling. Next, UVIMO is  €xample of these, are mannequin patient simulators
described showing in modules, which form the (MPSs). They are specialized in skill training. The
whole system, and the different tools used in the trainee physically interacts with the patient
development of the simulator. Finally, the last two (SUPPlying a drug, applying defibrillation and
sections describe the system evaluation carried out Ventilation, etc.) and feels (seeing, hearing, houg)

by some specialists, the conclusions derived, as tS responses (a break in a blood vessel, pulse,
well as suggested future research. breathing, etc). In addition, MPSs generate syithet

physiological responses that can be registerecaly r
equipment (electrocardiograph, blood pressure
monitor, ventilator, etc.) and can be tested by the
student. Nowadays, these mannequins incorporate
all the features provided by the IMPs. The
communication from the patient to the student is
usually like that in the IMP, but of low effectivess

due to not incorporating facial animation in the
mannequin. The typical objection to MPSs is
that their acquisition and maintenance is very
expensive. As occurs with IMPs, these systems do
not provoke the level of stress found in the real
situation, because the mannequin does not appear
believable to the end user. In addition, these
mannequins do not usually perform important
physical reactions vital to assist in diagnosighsas
colour, pupil dilation, etc.

2. Prior work
2.1 Medical reasoning and Artificial Intelligence

Up to now, Al methods in medicine have been
mainly used in automatic diagnosis and monitoring
systems. Nevertheless, Al methods have also been
used to a lesser extent within illness therapy or
patient modelling.

In fact, there are systems like MYCIN [6]
(infectious disease diagnosis), VM [7] (patient
monitoring in intensive care units and medical
treatment control), ONCOCIN [8] (oncology
support system in  patients undergoing
chemotherapy) and SPHINK [9] (diagnostic,
therapeutic, or prevention decision-making support



Sometimes, actors help in simulations, playing

the role of a third character, improving the ]
environment realism (background noise, a bad- s suscion
tempered acquaintance, a hysterical relative, third o !
parties who disturb the doctor’s labour, etc.). = g ¢
HPS (Human Patient Simulator) [15] or SimMan .
[16] are some of the most significant MPS
products. The MRT (Medical Readiness Trainer) at ~ “™ "
the University of Michigan (USA) [17] joins an o L
instrumented mannequin with immersive VR tools. : o
Other training simulators with the same strategy, ]
but in different fields, can be found in [18].
Training simulators for the USA army have been = riunetion
developed by using immersive VR technologies. o ! ! I
Some examples are Virtual Medical Trainer- .

Trauma Patient Simulator at the Research Triangle
Institute of North Carolina [19] and BioSImMMER at
Sandia National Laboratories [20]. Other recent
European developments, similar to these, are general patient behaviour. It is necessary to gdeer
DiaboloVR [21] and the EU Project JUST [22]. 3 set of rules for each clinical case.

Some on these simulators [20-22] are based on

decision trees that map the most likely outcomes fo 31 c||ps, an Expert System development toolkit

each patient. Furthermore, in the case of VMET

[19], a “physiology engine” and a set of cases Before designing any clinical case set of rulesE&n
previously configured by the instructor model the  gevelopment tool must be chosen for this purpose.

Figure 2. Standard fuzzy functions

patient behaviour. This tool should be powerful enough in terms of the
) o inference engine and the way of representing the
2.3 Therole of presencein training knowledge base. In addition, this ES has been

conceived within a simulation toolkit (UVIMO),

Presence plays a very important role in the jmplemented in C++, so this tool should allow a
process of learning and transfer of skills [23]eTh  gitable integration between the ES and a C++
sense of presence has been proved to be elicited no application.
only by improving the scene realism or reducing the  Taking into account the requests mentioned above,
peripherals latency but also by providing a high c||ps [26] was the chosen ES development toolkit.
interactivity with the virtual environment through  cLiPSis a hybrid environment implemented in 1984
multimodal interaction, even using an unrealistic 5t the NASA Johnson Space Centre. It is a low cost
graphical model [24]. In this sense, new techniques environment, which easily integrates with other
such as voice interface, facial animation, gesture applications, available in different platforms. ®9
recognition or physiplogical signal analysig_can is developed in C and is an IF-THEN rule-based
provide more effective features than traditional system. Its inference engine allows forward chajnin
ones. inference methods and dynamic rule addition.

On the other hand, although sophisticated VR As an additional tool, CLIPS provides
devices provide a more natural means of pyzzyCLIPS, which represents and handles fuzzy,
interaction, slight mismatches between sensed gyact and fuzzy-exact knowledge [27].
information and the consequent reaction within the
virtual world break down the illusion of presence 35 Rulesthat describe a concrete clinical case
[25].

However, in this kind of simulator, it is obvious  ysing a series of interviews with a specialist in
that the degree of presence depends more upon thegnaesthesiology, a clinical case was defined as a
complexity of patient modelling than on how  prototype. It details all the available state chemng

natural the interaction is [3]. within a patient who has a medical history of
] _ _ isquemic heart disease and insulin diabetes. In the
3. Patient behaviour modelling modelled situation, the patient has lost consciessn

in a sudden way due to an acute myocardial
UVIMO is a MICU training simulator, based on infarction.
virtual reality, for medical emergencies (Figurel). Derived from these interviews, a knowledge base
The core of this system is the behavioural model of for an Expert System was designed. This ES is able
the virtual patient. As mentioned before, this nfode to simulate the evolution of various vital signaigh
is built using an ES. The knowledge base of this ES as the heart rate, respiratory frequency, oxygen
consists of a set of fixed rules that describes the saturation in the blood, and diastolic and systolic
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arterial pressure. In addition, changes in the ECG Consequent
state, the general aspect and patient behaviour are
taken into account. In the implemented rules, these (Assign to v_SO2 the value returned

states do not only evolve in an autonomous way, by Calculate_S0O2)

but also through the external actions carried qut b (Notify to the virtual world the

the trainee. To this end, some actions (IV access, v_SO2 value)

support ventilations, medicament infusion, CPR, (Delete Saturation_Update Order)

defibrillator, etc.) and their effects on the patie
state are considered in the knowledge base (see As can be seen in the consequent, a call is made to
Annex 1). the function "Calculate_S02", that calculates thls

It is normal to make a distinction between two as a function of time, the previous saturation @alu
types of rules, those that are activated via astion and the heart rate.
carried out on the patient, and those derived from In addition, this function takes into accounthg
the evolution over time of vital signs. Below are patient is being oxygenated by an airway

two examples of thesatal signs evolution rules: (oropharyngeal) ventilation system and the rate
(I/min) chosen for this purpose. The computed value
» The SaturationUpdate rule reflects the is stored in v_S0O2, an ES global variable, in sach

drop in the Oxygen Saturation in blood that Wway that it could be used in subsequent rule

usually occurs when this Oxygen Saturation activations.

decreases below a certain level (94%), which is

considered as the normality threshold. » The Consci ousnessState rule activation,
takes place when certain thresholds in the vital
signs of the patient have been reached. Then, the

Antecedent patient regains consciousness.

(Consult in time T)

(Oxygen Saturation (SO2) Value in T
between [10 , 94]%)

(Saturation_Update Order)

=>



Antecedent

(Oxygen Saturation Value
>= 92%)
(Sistolic Arterial Pressure (SAP)
>= 95mmHgQ)
(Diastolic Arterial Pressure (DAP)
>= 50mmHgQ)
(Consciousness Level State of Coma)
=>
Consequent

(Notify to the Virtual World the
blinded level of consciousness)

(Notify to the Virtual World that
there is eyes opening)

(Notify to the Virtual World an
aggressive patient mood)

3.3 Fuzzy Rules

In the implemented clinical case, a fuzzy treatment
of the patient's skin temperature has been
developed, depending on his/her body temperature.
This is because when the doctor touches the
patient’'s skin to check temperature, he/she has a
subjective sensation, not an exact value in degrees
Celsius.

However, he/she does detect if the skin is very
hot, hot, cold, etc. Therefore, a fuzzy structwse i
defined, based on the S, Z, afdstandard fuzzy
functions (Figure 2). The range election of every
function was heuristically derived.

(deftemplate temperature
2060C
((verycold (z 27 30))
(cold (z 34 36.5))
(normal (pi 1 36.5))
(hot (s 36.5 38))
(veryhot (s 40 44))))

In this way, it is necessary to define as many
fuzzy rules as properties. In these kinds of rues,
is considered that a fact matches or activatesobne
the rule antecedents when they overlap. By default,
this activation occurs when some overlap exists, bu
it is possible to set a threshold, under whichftioe
does not match the antecedent.

3.5 Clinical case definition process and expert
evaluation

In order to define the clinical case modelled fust
application, the following phases were carried out;

» As a first step, the possible set of patient states
and student actions to be considered in UVIMO

S Actions
Structures Base

Actions Space
Structur
Actmn
Knowledge Base Rules State Chahge
Request

New States

Virtual
World
Dis

lay

Time

Time Base

Time

System

World
Control

Enqulry

States Space
Stat,

Figure 4. First level diagram of UVIM O global

were set through certain interviews with a
medical team. In this stage, a first version of the
clinical case rules was defined.

With the information previously extracted, a new
interview was arranged with another specialist
outside of the mentioned team. In this session, the
clinical case was studied again and the different
responses of the patient to each possible student
action were noted. From this interview, a new set
of rules was extracted and implemented within
the ES.

e Once the system was implemented, a second
interview was arranged with this last specialist.
The virtual patient behaviour was evaluated
within the designed application; the result was the
addition of new rules to the set previously
defined.

A final session for the ES evaluation was carried
out where the specialist gave the final approval to
the implemented ES, and the process was
considered definitive.

It is important that the specialists involved lirese
definition sessions are not the same as those who
collaborated in the final system validation. Thirs,
this case, this method considerably enriched the
clinical case. Obviously, later meetings, with
different experts, would progressively refine and
further enrich the suggested clinical case.

4. UVIMO overview

UVIMO emulates a real MICU by animating a virtual
environment with a virtual patient and the equipten
used in this kind of emergency (Figure 1)

In addition, the tool allows the user to interath
the virtual world by means of conventional or
advanced peripherals. The tool also allows the
instructor to configure and to control the training
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Figure 5. Control panel through which the teacher
interactswith the system

session. An intuitive block diagram of UVIMO
system with the data flows between them, is shown
in Figure 3, and described below:

» Using a control panel, the instructor is able to
interact with the application, allowing him/her
to configure and monitor the session. The
instructor can also change the patient state
evolution.

» The system handles the state and the
representation of the patient and the equipment,
using a state manager and two engines. The
state manager is a system that creates and
updates the framework data structure. This
structure handles the state of several elements
represented in the virtual world, such as the
patient and the different equipment. It also
provides the mechanism to join this data with
the engines, in such a way that they could be
modified based on certain rules. One of these
engines manages the patient rules and features,
which were supplied by the instructor through
the control panel, or were programmed in the
knowledge base of the ES. The other one is a
graphics engine, which shows, in a virtual
environment, the patient progress during the
session.

e The student interacts with the system via a
window, which shows the virtual environment,
and by the use of a wide variety of peripherals,
from a mouse or joystick, to a head-mounted
display with tracking and stereoscopic vision. In
addition, the world, in response to several user
acts, performs different tasks such as the
animation of some elements or the emission of
sounds and vocal messages.

4.1 Modules and implantation details
Engines

» Patient Behaviour Engine. By default, the

complex patient behaviour is emulated in

continuous time by an engine, which is
implemented by a dynamic library. This library
provides data structures and functions, which
allow configuring of the ES and the
communication with it.

» Graphical engine. Sense8 WorldToolKit [28], a
C++ library for VR simulations, is used as the
simulation engine. As well as rendering the
virtual world, this engine is also in charge of
changing the appearance of virtual world objects.
These changes have to be done for the whole
simulation time. To do so, some functions are run
every frame. These functions are dynamically
provided by the objects plug-ins (dynamic
libraries that provide the virtual object state
structure and its functionality).

The instructor control panel

As mentioned above, the training simulator, UVIMO,
provides a control interface (Figure 5), which ako
the instructor to monitor the training session. sThi
panel is shown to the instructor when the simutatio
is running.

Interaction with the virtual world

UVIMO is a prototype, where the interaction is
managed by an assistant, who plays the role of a
nurse, receiving orders from the subject under. test
The subject can ask the assistant for any infoomati
not directly available within the virtual world kg
arterial pressure, temperature, etc. In additibwe, t
assistant can apply any treatment the subjectfasks

Plug-in Structure

The principal UVIMO application versatility religs

its ability to add or eliminate elements represérite
the virtual world and user interfaces. In this wine
plug-ins, which are necessary to do this, are ldade
by parsing a configuration file with content
represented in XML.

Graphical tools

» Animation of virtual objects. Patient animations
(breathing, excitement, defibrillation answer, ketc.
and some actions carried out by some of the
avatars (walking, coughing, etc.) were developed
by the use of Discrete Character Studio 3.0. These
animations were exported and added to the
graphical engine through the Cal3D library [29].

» Facial Animation. This capacity is provided by
the use of K. Waters code. Facial animation
allows non-verbal feedback, which enriches the
communication channel between patient and
student.



4.2 Communication inter face between the virtual
environment and the patient model.

The communication from th&S to the virtual
world is made by adding states in tBéates Space.
These states, referred to in Figure 4Nesv States
are the changes in the state of the emulated oinject

This section describes the interface between the ES the Virtual World that theESis going to request. The

and virtual world, which allows bidirectional

communication. Figure 4 shows the first level data
flow diagram of the global system, which is
described below:

 Virtual World Display. This is the visual part
of the system. Changes on this visual system
can be produced in two ways: first, thigtual
World changes byorld Control,which models
all the represented objects in the virtual world;

World Controlis in charge of making these changes
to theVirtual World by accessing th8tates Space

5. Discussion

UVIMO is a prototype that has been used to study
which factors are determinants when training in a
stressful situation. In this sense, within the tfirs

approach, it is necessary to study some factors suc
as the patient behaviour, patient animation

second, the changes are produced by the user consistency, and environment realism.

interaction via VR peripherals.

 World Control. This system contains the
engine/s, which animates the objects. It handles
aspects related with the graphical representation
and detects when the user carries out an action
over the emulated object, notifying this to the
ES. In addition, the World Control can make
changes in the object state, by sendinState
Change Requedb the ES, and ordering to the
Virtual World Displayto change the state.

* Expert System. This system is responsible for
handling the incomingEnquiries and State
Change Request interpreting Actions and
making the inference process depending on the
knowledge stored within the knowledge base.
This process produces somfstate Change
Requestswhich are stored in what has been
called in Figure 4, &tates BaseBy accessing
this States Base,the World Control can
represent these changes in the virtual world.

» Actions. These are the user actions made over
the virtual world and which are interpreted by
the World Control The World Control inserts
the Actionwithin the Actions Space

» State Change Requests. These are the data
interchanged between th&/orld Control and
the ES when theES makes aState Change
Request This State Change Requestin be
delivered not only using theS but also via the
Virtual World. This possibility allows the
instructor to modify the patient state.

e Enquiry. This is a request sent by thWgorld
Control to the ES An Enquiry consists in
requesting th&Sto manage possible changes in
the states (which define thértual World), such
as an effect ofActions (stored in theActions
Spacg that have been made by the trainee, up to
the moment in which aBnquiry has been sent.

Certain tests of UVIMO were made by requesting
that specific doctors carry out the role of tramegt
the end of each session, they were asked questions
about the factors described above. These meetings
were conducted with seven participants who ranged
in age from 31 to 47. This group of participants
consisted of three males and four females and they
were all critical care specialists.

Each subject was exposed to the simulator for
approximately 15 minutes and the tests where
conducted using a virtual environment represerding
street emergency. At the beginning of the sessian,
assistant was doing exactly what the subjects asked
As the tests went on, some stressful factors sach a
the nurse making mistakes, unexpected changes of
the state of the patient, bad operation of the
equipment, high ambient noise, etc. were included.

The questions asked to the specialists after the
session, were about their opinion of the patient
according to the evolution of his vital signalss hi
behaviour and his appearance regarding his health
state. Questions were also asked about the differen
objects that they could see within the environment.

The answers that the specialists gave about the
patient behaviour were different depending on the
degree to which they were involved in the design
process of the ES, and on their experience. Ottleeof
specialists in the experiment was a member of the
team who helped to create the knowledge base of the
ES. This subject found the patient behaviour to be
quite predictable. She considered it necessaryltb a
new contributions to the rules. The remaining
subjects found the patient behaviour more intengsti
and some of them even considered the ES to be more
knowledgeable than it really was. On the otherdhan
subjects with less experience in critical care fbthe
patient behaviour to be more complete than the more
experienced ones.

Concerning the scene realism, all of subjects’
attention was drawn mainly to the patient and the
electrocardiograph. They found the recreation ef th
colour in the patient to be important, above alhis
lips. Regarding the electrocardiograph, they regubrt
some difficulties discerning the heart state. Calg



of them noticed the existence of cars in the street
and made some comments.

From the answers described above, the following
aspects can be underlined. Subjects who are
involved in the definition process of the rules édav
a mental model of the clinical case that matches
that emulated in the patient. They have previously
considered all the possibilities they are going to
come across within the simulator. The remaining
subjects have their own mental model about the
situation that it is different from that implemedte
in the simulator. Surprisingly it seems that those
small differences between the implemented model
and the mental one make them perceive the
simulation as more realistic and less predictalole.
the same way, the experienced subjects have the
ability to use easily their model in the new
situation, while the less experienced ones have to
build a new model.

All the experiments show how a poorly created
animation is worse than a non-animated model.

It is important to make more efforts regarding
recreation and animation in the objects where the
subjects are going to focus his/her attention.
Subjects usually look for the significant infornaati
that they need in a real life emergency situatian.
this sense more experienced people, usually focus
their attention directly on the aspects that areemo
important in dealing with the problem.

6. Conclusion and futureresearch

In this paper, a training simulator for medical
emergencies based on VR and the virtual patient
behaviour modelled within it by an ES have been
presented.

The experience of this development has produced
the following conclusions:

* The use of an ES to model the behaviour of an
avatar as a virtual patient has been proved
feasible.

e FuzzyCLIPS has been a useful tool for
representing the knowledge extracted from an
expert. This knowledge has some uncertainty
that makes it more robust.

e In a critical situation training simulator, like
UVIMO, it is important to achieve a high level
of presence. Therefore, it is desirable to rouse in
the students some fundamental emotional states
(stress, anxiety, etc.) in order to reproduce the
situation where the scene usually takes place.

» To achieve this presencmore than only a high
level of scene realism is necessary. In fact, the
visual realism has been proved not to be the
main factor that improves the sense of presence.
Other factors to be considered are:

- World complexity. The complex behaviour of
the world is one of the major factors that
contributes to the elicitation of the sense of
presence.

- The information must be significant. In this
case, the information regarding the virtual
patient is especially significant to the student
under study. Hence, an adequate patient
modelling is very important to elicit presence.
The expert system proved to be a good option,
achieving a very positive evaluation by the
specialists who tested the tool.

At present, UVIMO is still a prototype and thereais
lot of work to do. Further steps could be as fobow

A clinical case library implementation.
 Analysis of interaction factors.

» Psychophysiological measurements of the student
that could be useful to estimate his/her emotional
state and to adapt consequently the simulation
parameters.
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Annex 1. Table of rules included in the
Expert System knowledge base

This annex presents a summary of the set of rules
describing all the available state changes within a
patient who has a medical history of isquemic heart
disease and insulin diabetes. Only the main rules a

medical trainer: Patient assessment and trauma carejncjyded in the table and some groups of rules are

simulator”, in J.D. Westwood, H.M. Hoffman, D.
Stredney, and S.J. Weghorst (Edslgdicine Meets

Virtual Reality - Art, Science, Technology:
Healthcare (R)evolutignpp. 309-315. IOS Press
and Ohmsha, Amsterdam, 1998.

presented as a single rule.



Table 1. Table of rulesincluded in the Expert System knowledge base.

Control Rules

PermanentActionDeleted

Permanent and transitory rules are deleted when| the

subsequent action is made or at the end of evelg.cy

RuleDeleted Excludes some rules from the knowledge base.
PriorTimeEnquire Updates the elapsed time between enquires.
Initialization Configures the knowledge base with the initial @atistate
Enter Allows and forces only one execution of the vitans

update rules.

Time change VentricularTime, Rules that update the elapsed time since the EK&X ta]
control of ECG | BradycaridaTime, ... new value.

Vital Sings BloodOxygenSaturation Calculates de SaO2 variation as a function of ievipus
Time Evolution | SaO2&HeartRateUpdate values, the ventilation and the elapsed time. Téathrate

variation is also updated depending on the SaOfgdsa

ArterialPressure-Sa02

Correction of the SaO2 range of variation depending
the arterial pressure levels.

SystolicPressureUpdate,
DyastolicPressureUpdate

A linear drop on both pressures takes place undertain
level of pressure.

APIncreaseBylV

A linear increase on the levels of pressure whdimesg
solution is supplied.

Vital Signs
Effects Control
of the Actions

AddVentilation,
RemoveVentilation

Controls the effects on the SaO2 derived from tdit®n
or elimination of the ventilation system.

ChangeFallSlopeSa02

If the systolic pressure is below a certain levtle
ventilation does not affect the SaO2 fall.

AddIVSalinSolution,
RemovelVSalinSolution

Sets and removes facts about the existence or
existence of the IV solution, its configuration aeftects.

IVEmptyControl Controls the moment in which the IV solution is dyp
Vital signs Vitals&Asystole, Set the values of certain variables of the patitate
dependence Vitals&VentTachycardia, ...| depending on its ECG state. Variables such asetied bf
with ECG consciousness, vital signs, pulse, etc.

Cardioversion
and Fibrillation

StableState&Cardioversion

The ECG state leads to asystole or tachycardia
cardioversion is provided when patient state iblsta

CONSCiouSness
state

shocks effects Pulse&Defibrillation The ECG state is changed to asystole when a déftlomn
is provided in a patient with pulse.
Pulse&Cardiovertion, Effects derived from applying a cardioversion or
NoPulse&Defibrillation defibrillation in a patient. These depend on theet
elapsed since the patient ECG was in tachycqdrdia
ventricular state.
Fibrillation&Defibrillation Changes on the ECG patient state depending on
elapsed time and the number of shocks applied.
ECG state VentTachycardiaToAsystolg If the tachycardia state lasts more than a cetiaie it
changes leads to asystole.
Fibrillation After a certain time in fibrillation state it leado asystole
Tachycardia&Lidocaine Manages the effect of Lidocaine injection in a @atiin a
state of tachycardia with pulse state.
LeaveAsystoleState Controls if the actions that allow the patient &raver
from a tachycardia state are supplied.
BecomeAsystoleState Sets the asystole state when faced with certaiespre
levels or after a long period in bradycardia.
BecomeBardycardia, Sets the bradycardia state when the heart ratender§
LeaveBardicardia certain threshold, and leaves it when Atropinaujgpéied.
Changes of RegainConsciousness Sets the consciousness state when patient’s viga$ @re|

over certain thresholds and in idioventricular.

Awake&NoSedate, Aw&Sed

Effects of sedation or not when the patient is angi

Fuzzy
description of
the skin temp.

Temperature

Inserts in the knowledge base the temperature value

SetWarm, SetCold, SetHot.

.Sets the fuzzy values of temperature dependingher]

numeric temperature value.

jhon-


https://www.researchgate.net/publication/263844400

