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Analysis of the structure of the medical decision
support rules system based on the dependency
graph

Ruslan Vafin, Rashit Nasyrov, Rustem Zulkarneev

Abstract— Currently, one of the promising areas in medicine
is personalized medicine, which allows selecting the optimal
treatment for each individual patient. Within the framework of
the national program "Digital Economy of the Russian
Federation™, artificial intelligence technologies are the most
promising for solving the problems of personalized medicine.
The most important areas of application of artificial intelligence
is the analysis of a large volume of medical texts, for example,
electronic medical records or various professional medical
literature, as well as image recognition of various formats.
Currently, a large amount of medical knowledge about various
diseases has been accumulated, formalized in the form of
clinical guidelines (CG). For general practitioners, the need to
regularly master a large volume of textual medical information
leads to information overload, and, accordingly, a decrease in
the effectiveness of the processes of diagnosis, treatment and
rehabilitation of patients. The main direction for solving this
problem is the use of clinical decision support systems (CDSS),
which are based on the decision-making rules formulated on the
basis of the CG. This article discusses an analysis of a structure
of relationship in decision rules system for CDSS, implemented
in the logic programming language Prolog.

Keywords— decision support system, decision rule, decision
graph, graph structure, clinical guidelines.

I. INTRODUCTION

Decision support is a necessary component of activity in
fields with a high level of uncertainty, possible
inconsistencies in data interpretation and a high chance of
errors. This situation is due to the large intensive
information exchange between the subjects of activity, which
has both formal and informal nature. The most important
representative of this type of activity is medical activity.
From a practical point of view, the problem of providing
timely medical care is one of the urgent problems of public
health. In many small towns and various villages there is a
problem in the availability of qualified medical workers. The
main problem is that doctors do not have enough experience
in the treatment of various diseases, quite a few doctors act
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in a stereotyped manner, and apply the same treatment
regimens for different patients, thereby reducing the
effectiveness of treatment. In Russia, it is legally established
that doctors should be guided by clinical guidelines when
treating patients. Doctors can deviate from recommendations
if they can prove the need to make changes in treatment, and
this does not lead to a worsening of the patient's condition.

According to the information on the official website of the
Ministry of Health of the Russian Federation, at the moment,
187 clinical guidelines have been approved by the Scientific
and Practical Council of the Ministry of Health of the
Russian Federation. There are also a fairly large number of
clinical guidelines that have been compiled by other
organizations, such as the Russian Respiratory Society,
which issues guidelines for various respiratory diseases.
These documents are quite large, which can reach hundreds
of pages of text in A4 format. For general practitioners, such
as therapists, it is difficult to remember several dozen
documents containing prescriptions for each group of
patients (men, women, pregnant women, smokers, etc.) and
many additional conditions, i.e. there is information
overload [1]. In connection with this overload, decisions
made by doctors can become overly stereotyped and boil
down to the fact that the same treatment rules are applied for
all types of patients. This reduces the effectiveness of
treatment, since the individual requirements of the patient
are not taken into account. To solve this problem in
medicine, CDSS are used, which are used to help doctors
more accurately diagnose and prescribe treatment for
patients [2].

In medicine, CDSS are used to solve a wide range of
tasks: recognition and delivery of alarms and reminders,
support in the diagnostic process, search for suitable cases
(precedents), planning and monitoring of therapy, pattern
recognition and interpretation. An important function of the
CDSS is the dissemination of "best practices”, incl.
international. Most often, CDSS are used precisely to help
with diagnosis, prescribing treatment and, if necessary,
adjusting the prescribed treatment [3].

This paper discusses CDSS that are intended for use in a
medical technological process. A medical technological
process is a system of interrelated necessary and sufficient
scientifically grounded therapeutic and diagnostic measures,
the implementation of which allows the most rational way to
carry out treatment and ensure the achievement of the
maximum correspondence of scientifically predicted results
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to real ones while minimizing costs [4]. In this case, the
CDSS helps doctors follow the necessary measures, which
are determined by the current standards in the field of health
care, as which clinical guidelines are considered in this
work. In clinical guidelines, descriptions and conditions for
performing various activities may be misinterpreted or
initially contain errors, which will lead to errors in the CDSS
based on those documents.

Il. STATE OF THE ART

An analysis of publications in Web of Science, PubMed and
RSCI revealed that the existing modern CDSS have
problems with the effectiveness of decision-making and
organizational problems, such as the lack of sufficient
flexibility for doctors, who in some rare cases can make
more effective decisions, compared to CDSS.

A systematic analysis [5] of randomized controlled trials
evaluating the effectiveness of the use of CDSS integrated
with electronic medical records. As a result of the analysis, it
was revealed that the use of CDSS did not affect mortality,
but moderately affected the outcome of the disease.

According to the results of the EHR analysis in [6], only 1
out of 20 quality indicators demonstrated significantly better
efficiency of visits with CDS compared to EHR visits
without HSSP.

A randomized controlled trial of CDSS in cardiovascular
disease in 614 patients showed that the use of a
computerized clinical decision support system did not
provide any additional benefit over the indications in the
chart (similar to the SCORE scale) and could make it
difficult to communicate evidence to individual patients [7].

In an experiment based on 20 clinics and 31 thousand
patients, Teen BPCDSS had a significant positive effect on
the recognition of adolescent hypertension along with a
moderate increase in the effectiveness of treatment,
compared with the use of traditional clinical guidelines [8].

A system using a combination of fuzzy logic and if-then
rules to determine the severity of a patient showed a severity
score of 99.44% compared to a manual score of 86.04% [9].

In a review of the literature on the use of CDSS used in
the field of otolaryngology, it was shown [10] that the
accuracy of various systems for diagnosis and differential
diagnosis is quite high and is about 90%. Nevertheless, most
of the above systems are designed for a narrow range of
tasks, such as a system for determining the severity of acute
tonsillitis in children with predictive significance of
symptoms. In this review, there are no holistic systems that
would solve the entire spectrum of problems associated with
at least one disease, namely, diagnosis, treatment, and
rehabilitation.

Based on the results of the analysis of publications on the
effectiveness of the CDSS, it is difficult to make an
unambiguous conclusion about a significant improvement in
the quality of diagnosis and treatment. Most of the studies
cited show an improvement in the quality of the diagnosis
and treatment process using CDSS relative to traditional
decision making.

An analysis of works on this topic also revealed various
specific CDSSs that support the entire treatment and

diagnostic process, or part of it. The feature lies either in the
use of remote analysis of patient data, or in a specific
interaction between the system and the CDSS, which is
different from simply entering patient data and obtaining the
result. Here are some examples of works that describe the
data of the CDSS.

In [11], an adaptive CDSSis presented, which provide the
necessary information about a patient, but without limiting
doctors in making decisions. The authors believe that
conventional CDSS restrict doctors by forcing them to
follow recommendations directly, even if it is necessary to
deviate from the recommendations, in the event that the
HSSP gives suboptimal recommendations.

In [12], CDSS is described for solving problems in the
field of telemedicine, in particular, analyzing data received
from patients to search for trends in quantitative indicators
and exceeding acceptable values in order to effectively
manage the treatment and diagnostic process of various
patients and redistribute resources for the most needy
patients. The system is implemented on the basis of a client-
server architecture, where clients are patients with diagnostic
equipment, and a server on the side of the clinic makes
decisions. At the time of publication of the work, the system
is at an early stage of development, and the current
implementation.

The aim of work [13] is to develop a rule-based expert
system for a mobile phone-based remote heart failure
monitoring system. The set of rules was developed by
interviewing experts. It is assumed that the use of the system
will improve the quality of life of patients with
cardiovascular diseases.

In addition to the diversity of the architectures of the
CDSS itself, we analyzed the works devoted to the
architecture of the knowledge base, the core of CDSS, and
various features related to rules, such as rules based on fuzzy
logic.

A description of the architecture of the CDSS and the
rules used are given in [14]. Physical questionnaires are
scanned or manually filled by operators into a system that,
based on clinical algorithms, makes a preliminary diagnosis
of the patient. The Knowledge Base is a digitalized clinical
guidebook in Arden Syntax format and provides an HL7-
compatible interface.

The developed system [15] is intended for identification
of drugs, their dosages, methods of administration,
frequency, duration and reasons for taking in the discharge.
This system is not a full-fledged CDSS, but it can be an
important part of larger systems, since it allows to extract the
necessary information with a sufficiently high accuracy and
provide decision support based on clinical extracts. At the
time of this writing, the system was presented as a prototype,
and it is planned to improve the volume and accuracy of the
information extracted. The results of this work can also be
used to extract information from arbitrary medical texts.

The DSS architecture using rules with temporal
conditions, such as the conditions of the sequence of
application of rules or the application of rules after a certain
time, which are based on CG, is given in [16]. This paper
presents the architecture of the system in the form of a set of
software modules that are easily modified, which allows
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flexible configuration of the system for various CG. In the
appendix, various decision rules have been classified, for
which rule templates are allocated, which allows to add new
rules by editing the templates. In [17], a more extensive
classification of decision-making rules was carried out,
which will allow standardizing the representation of
knowledge in CDSS, for faster and more accurate
development of knowledge bases for various CDSS.

In [18], a system is presented that simultaneously uses
formal rules based on CR and, if there are no suitable rules,
then uses models trained on the case histories of various
patients. The article presents UML models of such a system
without implementation.

The work [19] describes the phased application of
decision rules in the form of trees with the addition of
patient information for the treatment of non-metastatic breast
cancer based on CG and patient records. A knowledge base
development environment was developed in the form of
decision trees and CDSS for working with this knowledge
base.

This article [20] discusses a rule-based approach to rule
base formation using the evidence-based argumentation
approach (RIMER). At RIMER, the rule base is designed
with  confidence levels embedded in all possible
consequences of the rule. This rule base has been tested on a
small sample of patient test data and needs further
validation.

The article provides a method for classifying textual
information based on symbolic rules [21]. This paper
provides a classification of the stages of cancer of tumor
nodes and metastases of the lung from the pathology reports.
It uses the well-known open source natural language
processing system  General Architecture for Text
Engineering (GATE) using the same name natural language
processing architecture. The disadvantage of the GATE
system is the lack of support for the Russian language out of
the box.

The paper [22] describes the process of systematization
and explicit transformation of documentary knowledge into
integrated into the CDSS workflow. The work shows the
process in the form of UML activity diagrams. This paper
focuses on the process of manually annotating text and
extracting guidelines from the text into a knowledge
representation format in the form of a Guideline Elements
Model (GEM). The model of clinical guidelines obtained
using this approach at the time of the release of the work had
no implementation in the form of software codes for DSS.

In paper [23], a system was presented that generates a set
of sequential rules based on training on the correlation
between nursing diagnoses, outcomes and medical
interventions, which is based on a prefix tree.

Based on the results of a review of current scientific
works in the field of CDSS, it was concluded that most of
the existing systems work with a rather narrow area of
knowledge, for example, accounting for drug interactions or
detecting hypertension. At the moment, there are few
systems that would support the entire medical technological
process for specific diseases, and existing systems are
mostly closed systems. The main part of the systems is
intended to support the diagnosis, treatment or rehabilitation

of various aspects of diseases, but no relevant systems have
been found for comprehensive formal support of the medical
technological process based on clinical guidelines.

Thus, the analysis of publications shows that the use of
clinical guidelines as a basis for the formation of rules for
making diagnostic and treatment decisions as part of CDSS
is an urgent task. There are currently no satisfactory
solutions in this area to support a wide range of medical
technology processes for various types of diseases. Based on
the analysis, a hypothesis is formed that it is possible to
create a universal structure of decision-making rules. Using
this structure, it is possible to develop a subsystem for the
automatic inference of diagnoses and prescriptions for any
type of disease. The leading contradiction is that the
universal structure of the rules on the peculiarities of
diagnostics and treatment of various types of diseases does
not always correspond to the specific requirements of the
subject area.

The main goal of this article is to highlight and describe
dependencies in the rule system. To achieve this goal, it is
necessary to develop a system of rules, develop a
methodology for analyzing dependencies in rules, develop a
prototype of the CDSS and a language for describing the
knowledge base to test the performance of the proposed
system of rules. To achieve this goal, it is necessary to
develop a general approach to converting the text of clinical
guidelines into formal constructions based on the “if-then”
scheme and to analyze their mutual dependencies. Then need
to justify a way to transform these constructs into predicate
constructs. The final task is to test the rules using the tools of
the logic programming language Prolog.

I11. DESCRIPTION OF THE OBJECT OF ANALYSIS

Clinical guidelines - documents based on proven clinical
experience, describing the actions of a doctor in the
diagnosis, treatment, rehabilitation and prevention of
diseases, helping him to make adequate and accurate clinical
decisions [24]. The document defines the types, volume and
indicators of the quality of medical care for citizens with a
specific disease, syndrome or clinical situation.

The structure of clinical guidelines is specified in GOST
R 56034-2014. The document is a semi-structured text in
which information is divided into sections and subsections
that are specified in GOST. The text in the sections is
unstructured text, as the standard only prescribes the
structure and content of clinical guidelines, but does not
contain precise wording for the entire structure of the
document.

Some of the information in a document contains a rigidly
defined structure. For example, information about the level
of evidence and the level of persuasiveness of
recommendations is presented as follows: “Strength of
recommendation D (level of evidence 1V)”. Evidence
confidence level is the degree of confidence that a found
benefit from a medical intervention is true. Strength of a
recommendation is the degree of confidence that the effect
of an intervention is credible and that following the
recommendation will do more good than harm in a particular
situation.
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IV. DESCRIPTION OF THE RULE SYSTEM

Conversion of clinical guidelines into the knowledge base
for CDSS is carried out in several stages. At the first stage,
decision rules are automatically extracted using text mining,
or, less efficiently, manually. Further, the resulting set of
rules in a human-readable format, for example, in an
algorithmic language, is verified by experts in the field of
knowledge, and, if necessary, corrected, which makes it
possible to correct errors when manually or automatically
extracting the rules of their source text. The resulting
knowledge base in an intermediate format is translated into
code in a language supported by a specific CDSS.

In general, the structure of rule relationships can be
represented as a graph, where nodes represent rules and
arrows represent dependencies in conditions on other rules.
The data graph can be both connected and disconnected. In
the case of a connected graph, the result of applying a set of
rules can be one node or more than one if no rule was
triggered on the input dataset. As a result of the conclusion
based on the graph G, = (X, A), the solution S; = (P, Xs) will
be obtained, where X is the set of nodes (rules), A is the set
of dependency arrows, P is the set of output data, X is the
node of the graph, which is the final solution for the input.

In the case of a disconnected graph, the calculation of the
result for each connected component is carried out in
parallel. This can be applied in rules like drug interactions
where incompatible drugs are calculated based on the input
set of prescribed drugs. As a result of the conclusion based
on the graph G, = (X, A), the solution S, = ({(P;, X))}, P)
will be obtained, where X is the set of vertices (rules), A is
the set of dependency arrows, i is the number of the solution,
P; is the set of output data of solution i, P is the combined set
of output data of all decisions P;, x; is the vertex of the
graph, which is solution i. Also, several solutions may arise
in cases where there are several drains in the connectivity
component, for example, during diagnostics, it was revealed
that the patient has several pathologies at the same time. In
the general case, for a comprehensive study of a patient, it is
necessary to pass the input data through several
disconnected graphs, each of which produces a certain
result, adds new data to the patient's input data, and passes
the next rule graph.

In a clinical practice guideline, chapters and sections
group several semantically related rules into separate
meaningful blocks, such as a patient diagnosis block. An
example of such a rules system based on two-level
dependency graph is shown in Figure 1. This figure shows
groups of rules that are consistently applied to patient data.
For each group of rules, a conclusion is displayed, for
example, the degree of severity, the necessary treatment, etc.

In the second block of rules as an example each rule
(condition) depends on the result of the previous one, such a
chain of rules can be the determination of the severity. If the
patient's oxygen saturation is below 80%, then the severity is
"severe" and there is no point in checking other conditions.
The dash-and-dot arrows on the two-level structure of rules
show connections between rules located in different blocks.

Each rule can contain several conditions, separated by the
logical operation " If one part of the condition is

or-.

dependent on another rule, and the second part is
independent, then the entire rule containing such a condition
becomes partially dependent. In Figures 1 and 2, such rules
are indicated by the dashed arrows included in them.

Block 2

Figure 2. An example of rules with logical condition "OR"

This figure shows the internal structure of the rules, where
the "input" node denotes the values on which the parts of the
boolean condition "part” depend. In the first rule "rule 1" the
condition is: "partl OR part2 (input)", in the second: "partl
(input) OR part2 (input)". The first rule can be triggered
both with a triggered input value, and without it; in the
second rule, all parts of the logical condition depend on the
input value.

Combining rules into blocks occurs at the stage of
automatic and manual conversion of rules. Links in the rule
graph are built automatically. This is implemented by
building an adjacency matrix of the rule graph for each
block based on the results of searching for a variable in a
condition in the results of all other rules. This graph can be
used to search for inconsistencies in rules, cycles in the
structure of relationships between rules, or to optimize
queries to the CDSS, taking into account active and inactive
arrows, which show the fulfillment of various conditions. In
general, the block of rules will have the form shown in
Figure 3. The "Prev Rule" and "Next Rule" nodes indicate
the rules in the previous and subsequent blocks. During the
work of the decision-making process, it is necessary to take
into account the arrows between the rules in different blocks.

To execute a rule block, it is necessary to find all the
sources of the directed rule graph. To search for sources in a
block in each block rule, all the parameters included in the
conditions are sequentially checked to find those parameters
that are the result of other conditions. Figure 4 shows the
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process of checking the rules within one block without
considering the links between other blocks.
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Figure 3. Generalized view of the block of rules
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&

Figure 4. The process of checking rules within one block

The first stage is finding the sources in the graph. After
finding the sources, Figure 4a, each rule is triggered on the
patient's input, and when the rules are executed, subsequent
rules in the graph are executed. Figure 4b shows an example
of how 2 rules worked, but the first one did not work. Next,
the remaining 2 rules in the graph are checked. Figure 4c
shows that both rules worked, and they are marked in blue,
since they are the result of executing a block of rules, i.e.
sinks of two connected components of the graph.

The rules themselves should be able to change the array of
facts about the patient. The rule predicate has the following
form: rule (id, conclusion, input_data, output_data), where
id is the identifier of the rule, conclusion is the conclusion
(in the rule “if the condition then action” this is the action),
input_data is the input array of facts, output data is the
output array of facts. As a result of the execution of this
predicate, new facts can be added to the output array of
facts, facts are deleted, or it can remain unchanged.

V. COMPARISON WITH ANALOGUES

The results of the literature review showed that various
algorithms and decision-making methods are used, such as:
decision trees, random forest, fuzzy logic, clinical
algorithms. These methods work very well with one task,
when it is necessary to analyze a given patient and draw
some kind of conclusion, for example, determining the
severity of a patient in nursing algorithms. The application
of such methods for the entire medical technological process
becomes a complex and non-trivial task for both the
developer and the user.

The advantage of the proposed solution is simplicity of

implementation and very high visibility, which allows not
only formalizing clinical guidelines and treatment
algorithms, but also other, more specific medical sources,
for example, different algorithms for determining mental
state, etc. The advantage of this approach over decision trees
is the ability to create an arbitrary structure of an acyclic
graph, which will allow to reduce branching, and,
accordingly, reduce the number of decision rules.

In this approach, the very representation of decision-
making rules is a consequence of organizing and grouping
the rules into meaningful blocks. Links in the graph are
generated automatically, and cycles can occur in the graph.
These loops are easy to find, but removing them requires the
involvement of experts who could modify the rules so as not
to alter the accuracy of the rule base.

The main disadvantage of this approach is the rigidly
defined structure of the system, which uses only formalized
rules of the "if-then" type. In real cases of diagnosis and
treatment, there are often cases when it is impossible to
formalize patient data, highlighting some values that would
be wused in logical conditions. This illustrates the
contradiction indicated at the beginning of the work. The
most common example is the analysis of electrocardiograms.
For ECG analysis it is necessary to use various signal
processing methods, for example, Wavelet transform.

A possible solution to the problem of the impossibility of
using other methods may be to represent some blocks of
rules in the form of a "black box" that uses various external
programs to analyze complex data. An example of such a
structure is shown in Figure 5.

Black 1

@)
Oa®

Black 4

Sne
P

Figure 5. An example of using a black box

Block 2

Y

This block accepts the patient's data as input and
gives a new result, supplementing the patient's data,
for example, the ECG analyzer can add information
about a possible arrhythmia or a possible latent
myocardial infarction. By supplementing the structure
of rules with external modules, it is possible to
significantly expand the capabilities of the CDSS, by
using computational capabilities, the implementation
of which by means of CDSS is inefficient, which will
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significantly increase the quality of the medical
process.

VI. AN EXAMPLE OF THE APPLICATION OF THE PROPOSED
APPROACH

In this work, a subset of the algorithmic language was
chosen as an intermediate format, namely, the “if-then”
block to describe the decision-making rules. The language
Prolog and a set of corresponding predicates compatible
with the core of the CDSS were chosen as the language of
the knowledge base of the CDSS.

As an example of a step-by-step conversion of the rule
system, using one rule as an example, was selected a
fragment of the text from the clinical guidelines on influenza
in adults, shown in Figure 6.

» PexoMeHIYeTCA TOCMMTANH3MPOBATE MAUMEHTOB [ 52, 63, 64, 95, 100, 102]:

© C TSXKEJNbIM M CPEAHE - TAKEIbIM TEYEHHUEM IPUNNA;

NPOXKHBAKIIMX B OGIEKHTHAX 1 B YeTOBHAX HEGNaronpHATHLIX GaKTOPOB MO CPelE;

M3 TPynnbl pUCKa PasBUTHA HE.'F:I}THI‘DI'[]JWJ{THOI'D TeueHUs DONMesHM: 6E]J€MEHHME Ha molom CpOKe
GEPEMEHHOCTM H B HOCHE]JOJJGBETﬁ nepuoa; nMia ¢ XPOHUYECKUMM 3af0neBaHNAMM  TTETKUX

o

3

(Bpoxxnanbiad actma, XOBJl M 1p.);IHUA ¢ XPOHMYECKUMM 3a00TeBaHMAMM CepledHO-COCYIMCTON
cucremel (mopoku cepaua, I'B, UBC ¢ mpusHakamu cepaevHOii HeNOCTATOMHOCTM M OP.); AMuUa ¢
HapyIWeHHAMK 00MeHa BellecTs (caXapHbiii gualeT, oxupeHue 2 — 3 CTemeHW M [p.); JMLA ¢
XPOHMYEeCKOil GONesHbl0 TMOYEK; AMUA € XPOHMYECKMMH 3a0ONEBAHMAMM MEYeHW; muua,
onpeeneHHbIMI HEBPOIOTMYECKHMI COCTOSHUAMM (BKIONAS HefiPOMYCKY/IbHbIE, HEiDOKOTHUTHBHbIE
HAPYWIeHHA, SMUISNCHIO); TULA ¢ FEMOTTOGHHOTATHAMM; NHUA C MEPBMYHBIMM M BTOPUYHBIMM
ummyHomeduumuTamn (BUY-nudeKuns, npuem HMMYHOCYNPECCOPHBIX MEIMKAMEHTOB M T.IL); MHLA C
3M0KaYECTBEHHBIMI HOBOOGPA30BAHMAMM; THLA B BO3PACTE 65 NIET U cTaplile.

Figure 6. Part of the text from the clinical guidelines on influenza in adults
in the chapter on treatment

A simplified version of the algorithmic language is used
as an intermediate format, namely the “if-then” construction.
As a condition, a logical structure is used, the variables of
which are various symptoms of the patient, as well as
information added in the process of working with the patient,
for example, the severity of the disease, calculated at one of
the stages. All symptoms are realized in the form of the
construction: "symptom (“key)". Symptoms can be boolean
as well as numerical or string. In the case of string or
numeric values, comparison operators can be used in the
condition, for example "symptom(“saturation™)<95".

This example shows a syntactic construction of the form:
"Recommended "action" : "symptom" or "symptom" or
("symptom™or "symptom"... or "symptom")". Different risk
group variations are indicated in brackets. Figure 7 shows a
listing of an edited version of this rule, with corrected errors
of automatic analysis. One unnecessary condition was
removed, the grouping of conditions with the "AND"
operation was removed and replaced by two conditions with
the "OR" operation.

ECITHM
CHMOTOM ("cpenne-Taxence TedeHMe rpunna”)
WIM cimnrom("Tamenoe Teueswe Tpunna)
WM nauvest ("mpoxusanve = OF ax")

WM nauvesT ("OpOXMEAHME E YCHIOEMAX HeBJaronpMATHHX $axTOpOE =ANOM CpemH™)
MM naumest ("Gepemeszaa™)
WM nauuvesT ("OOCHEpONOEHI nepuon™)
WM naumesT ("xposMdeckue 3aB0NeBaHMAMY JeTEME" )
WM naumesT ("XponMueckMe SafoneEaHMAMM CEpASYHO-COCYOMCTON CHMCTEMH")
WM nauuvesT ("Hapymesws ofiMeHa EemecTs")
WM naumesT ("xposMueckan Bomesss noger")
WM naumesT ("XponMueckMe Sabonesanua newexu")
W nammesT ("HEEPONOTWHECKME COCTOAHMA")
MM naumesT ("remoraobusonatia™)
WM naumesT ("NEePEMYHEMM M ETORMHHEMM MMMyHomeduuMTarss ")
WM naumvesT ("sSAoKauYecTEEHHEEE HoBooBpasosaHMA")
MM naumestT ("sospact™) > 65
pae]
peroMeHnyeTcA (" rOCOMTANMSMPOEATE NaumeHTa™)

Figure 7. Listing of the revised adult flu rule

In this example, in the conditions there is a condition
"moderate to severe flu". This fact is calculated by another
rule, and its result is used in other, depending on it, rules.
18.1 An example of the converted rule into the Prolog
language in Figure 8.

symptom({l, "
symptom(2,
symptom(3, "
symptom(d, "
symptom(5, "
symptom{§, "
symptom(7, "
symptom({s, "
symptom{d, "
symptom (10,
symptom(ll,
symptom(l2,
symptom(l3,
symptom(l4,
symptom(ls,
symptom(l&, "

reccomendation(l, "P

rule(l,

ru. , FIm),
append (FIn, ["lefdcTEMe = TOCIOT OBaTh nammenTos"], FOut).
rule(l, ):-c=(5,1):c=(5,2):c=(5,3) :c2(5,4) :c2(5,5) ;cs(5,6) :cs5(5,7)
ec2(5,8)rce(5,9):c5(5,10) ;e2(5,11) ;e (5,12) rcs(5,13) :c= (5,14)
c=(5,15) ;c=(5,16) .

Figure 8. An example of a rule in Prolog language

In this rule, symptom is a fact that is intended to store in
the knowledge base various patient symptoms and their
identifiers, in this case, the first ID. The assignments to be
displayed are recorded using the recommendation predicate.
The rule itself consists of two parts, the first is the
processing of the patient's input data, changing them if
necessary, and checking this rule in the knowledge base.
This division is made to simplify testing and reduce the code
base, since when combining predicate data, it would be
necessary to generate check code many times.

At the beginning of the CDSS operation, the array of facts
is initialized by adding facts from the patient's medical
history. After that, the rules are sequentially run in each
block, and the result of the check is displayed for each
block. Due to the specifics of the implementation, the block
can produce a negative result, i.e. not a single rule worked.
In this case, the execution of the following blocks is not
interrupted, but continues with unchanged patient data.

To test the operability of this approach to the structure of
the rules, clinical guidelines for flu in adults from the
Ministry of Health of the Russian Federation were
formalized. The clinical guidelines were divided into 7
blocks: diagnosis, severity, clinical options, risk of disease,
indications for laboratory diagnosis, differential diagnosis
and treatment. Figure 9 shows an example of running the
program in console mode for patient test data.
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w# SWI-Prolog (AMD64, Multi-threaded, version 8.0.3) — [m] x
File Edit Settings Run Debug Help

Enox npasun: 1
CpafoTaswee nNpasuno:
CNy4ail=BeposTHsI
PEKOMeHZaUMN No Npaskny:

AaHHwe nauweHTa:
CAy4ail=EepoaTHsIA

Bnox npasun: 3
CpaboTaswee npasuno:
TeuYEHWE CPEeAHER TAKECTH
PExoMeHaalMn No Npasuny:
JaHHee naunexTa:

CNy4an=EepoATHLIA
TAKECTo=CPeAHETAKENDE TeyeHne

Figure 9. An example of the program operation based on the test rule base

The structure of rules in the form of a two-level
dependency graph was developed, examples of various
structures of the graph of rules were given. Using the rule of
hospitalization of a patient from the clinical guidelines as an
example, the process of step-by-step transformation of the
rule into the format used in the proposed CDSS was shown,
and the links in this rule with other rules were shown.

VII. CONCLUSION

The use of CDSS within the entire medical process is an
urgent task of modern medicine. As a result of the analysis
of works devoted to the use of CDSS in medicine, it was
revealed that the systems that supported the entire medical
workflow are quite few, and the existing systems in most do
not have full coverage of decision support for the entire
medical workflow, and therefore, it was concluded that the
development such a system.

For the CDSS, which would support the entire medical
workflow, a structure of rules was proposed for a
comprehensive coverage of all stages, which is quite flexible
and visual. The creation of rules using such a structure is
proposed based on clinical guidelines for various diseases,
which fully describe the entire medical workflow for specific
diseases. An example was given of the step-by-step
extraction of rules and text of clinical guidelines for flu in
adults.

As it was mentioned in the previous chapter, the problem
of pure application of the proposed approach is a rather
large class of problems that cannot be formalized explicitly
in the form of “if-then” rules. It is proposed to implement
such tasks in the structure in the form of black boxes, which
would process data in different ways, but return the result in
a standard form.

Depending on the structure of the link of the block of
rules, it is necessary to carefully plan the sequence of input
conditions, for example, optimization of the "AND" or "OR"
conditions in the rule based on statistical analysis of the
most common symptoms in patients. These examples reflect
the performance optimization of the CDSS kernel that uses
the proposed rule structure.

The hypothesis about the creation of a universal system of
rules for formalizing the rules in clinical guidelines was
tested. To test the hypothesis, a prototype of an expert
system in the Prolog language was created, clinical
guidelines on flu in adults were formalized and divided into
7 blocks, which contain 33 different decision rules, which
were tested on real cases and demonstrated satisfactory

performance. Thus, the resulting structure of the rules can be
used to formalize clinical guidelines for use in CDSS, but
this structure requires improvements that will be carried out
in future works on this topic.
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