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ABSTRACT: The structure and features of the software development process for the neu-
rologist of a perinatal centre 1s discussed in this article. This automation equipped working
place is intended for the diagnosis and treatment of new-born’s neurological disorders. It is
based on a review card by the neurologist of a perinatal centre, which is also presented in
this paper. The purpose of the application of this software tool, structure of its constituent
blocks and their purpose is determined. Examples of the interface in the form of program
windows are presented.

1 INTRODUCTION

Recent years of perinatal medicine development are characterized by significant improve-
ments in the medical-technical and diagnostic provision of health care facilities, including
perinatal centers. However, there are a great number of unresolved problems that are needed
complex and urgent solutions (Petruk et al. 2012, Zlepko et al. 2016, Petruk et al. 2016,
Kovalenko et al. 2017, Serkova et al. 2017). Among them, we will define two main, which
associated with perinatal lesions of the central nervous system:

— The problem of reliable diagnosis of neurological disorders of the newborns’s central nerv-
ous system and adequate methods and means of their treatment;

— Creation of methods, systems and devices for automated adaptive correction of motor
disorders in such children.

It is clear that the doctor continues to play a major role in the medical process, but there is
a problem of providing the doctor with all possible tools that would help him in his work and
perform auxiliary operations. A specialized hardware-software-—automated workstations of
the doctor assumes these tasks.

The automation equipped working place can be a complete program module that works
with a local or remote database. They can be integrated into the general structure of the
medical information system of a medical institution or work autonomously (Arkhipova &
Semenova 2008, Pavlov et al. 2013), but the main task of their work is to help the doc-
tor to choose an effective and efficient medical strategy and accompany it to the recovery
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of the patient (Kostishyn et al. 2016, Zlepko et al. 2016, Selivanova et al. 2016, Serkova
et al. 2017).

2 AIM OF THE RESEARCH

The purpose of this work is to develop a software tool that is intended for the neurologist of a
perinatal center, which provides increased informativeness, reliability and speed of diagnosis
of motor disorders in newborn of the life’s perinatal period (Zlepko & Pavlov 2013). This
product should be implemented in the form of an automated workplace of a neurologist,
that installed on his personal computer and provide work with information.

3 SOLUTION

An important aspect of the therapeutic process organization by the neurologist of the peri-
natal center is the use of an automated equipped working place (AEWP) in his work, which
is a software tool that is installed on the personal computer of the doctor and serves for save
of current information, its processing and definition of the treatment strategy.

The AEWP of the neurologist consists of the functional blocks, that are has some inter-
relationships, which are presented in Fig. 1.

In accordance with this structure, AEWP is a means of managing the medical process,
since it includes both the elements of the medical examination and the blocks of forming
diagnosis and purpose of treatment. At the same time, it should be noted that the doctor
can at any time make adjustments to the proposed treatment tactics or agree with it. Each
component of the ARM will be considered separately.

This AEWP consists of the following blocks:

— The User Interface is intended for organization of medical information input-output with
which this AEWP works. The standard window interface has fields for typing text, buttons
for downloading files, executing calculations, exporting data and other control elements.

Patient registration
module
A

Card of a neurologist
review

A

Module of forming the | _
history of disease |

Y Yy

Database - > Moaule of forming the . User interface
strategy for treatment
A A A
\
Hel dul Lyl Module of medication
€lp module appointments

Module of assessment of
the patient's condition

Figure 1. Structure of automated equipped working place of the neurologist of a perinatal center.
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— The Card of a Neurologist’s Review is a collection of weighty information parameters that
are evaluated by the doctor-neurologist of the perinatal center when the patient arrives. In
the process of filling the card, the doctor enters the information in corresponding fields.
While not all fields are obligatory, so the doctor may vary the degree of filling the card at
his own discretion, thereby reducing the length of the reception. The structure of the card
of the neurologist’s review of the perinatal center is shown in Fig. 2. For the convenience
of perceiving information, the entire card is divided into separate blocks, which are physi-
cally spaced out on different tabs of the graphical software interface.

— The Patient Registration Module registers and records new patients in the system. The func-
tions of this module include the introduction of general medical data about new patients
of the system, their main medical parameters, as well as the time of their registration.

— The Module of Forming the History of Disease is intended to review the medical status
of newborns for a certain period of time. This block provides the operation with informa-
tion about previous medical surveys (data of review cards), and also allows us to track the
change in the value of a particular informative parameter from the card. For convenience,
this value is applied to the time axis. Thus, review of the patient’s disease is provided and a
visualization of the treatment progress is implemented.

— The Module of Forming the Strategy for Treatment is intended for automation of diagnosis
and the appointment of medical, diagnostic, rehabilitee and physiotherapeutic measures.
This process occurs in accordance with the rules that are formed in the module of medica-
tion appointment. Simplified algorithm of forming a treatment strategy is presented in
Fig. 3. According to him, the doctor has the opportunity to choose an appropriate strategy
from the existing and saved in the database (with the possibility of correction and resave)
or to construct his own. In addition, there is an opportunity to review the history of treat-
ment strategies in the database of medical diagnoses and appointments and get a set of
similar strategies based on partial matches of other strategies with an indication of the
identity percentage. This allows to the neurologist to decide on the strategy himself, and
make a decision, which based on the partial diagnoses offered by this module of AEWP.

— The module of medication appointments contains standard connections between typical
anamnestic combinations and prescribed medications. This block is edited by the physi-
cian, and the obtained logical connections are stored in the database by form of logical
rules for further use in the work of the AEWP.

Card of a neurologist review

T ! T |

General patient information — Anamnesis of life

— Objective health information

Information about the current
reception

— Neurological status

— Newborn reflexes

Special and laboratory
medical tests

Figure 2. Structure of review card of the neurologist of a perinatal center.
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Reading data from
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database
Are the rules found
Y
Construction of a treatment Y
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v

Receiving data from queries

Are doctor
agreed?

True

Y
Definition of the rules similarity
and the percentage of
compliance of base strategies

Formation of new rules

v L =i +1 )

Correction the treatment strategy

Formation of a strategies set
profile with an indication of
identity percentage

Choose strategies from the
profile and form a new strategy

Y
Adoption of the strategy by a

doctor

)

Figure 3. Simplified algorithm for the formation of a treatment strategy.

— The Module of assessment of the patient’s condition is designed to diagnose the patient’s
functional state and is based on the registration of the ECG and EMG parameters, since

these parameters are necessary for the developed method of bioadaptive correction of
newborns motor disorders (Taranov A. 2012).
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— The Help Module is intended for receiving of reference information about drugs, diag-
noses, symptoms of diseases, etc.

This necessitates the use of various software-algorithmic constructions. Thus, an automa-
tion equipped working place is a set of modules (or blocks) and is a software tool that oper-
ates within the Windows family of operating systems, has an appropriate graphical interface
and maintains a MySQL database.

The user interface is intended for the organization of user and algorithmic-software con-
structions interaction, which implemented in the developed system. This AEWP is a set of
interconnected modules, each of which is designed to address their own specific functions.
All of they are solves the problems that arise before the neurologist of the perinatal center.

The developed AEWP of neurologist is a multi-windows program, the interface tabs of
which is presented in screenshots, as shown in Figs. 4-7.

~The history of surveys- Y
13.02.2107 |
11.03.2017
Middie name  [Holger il | I I
: Sl Date of inspection: [17.06.2017 v |
Sex ®Boy Oairl
Pl —— Complaints
Date of birth (age) 27.122006  [w] (5 menths) i
iy [rmyes ] |
Address - ‘
~Objective data- . |
Anamrests of fe A S ooy . W™ PT—
Pregnancy score |1 | Childbirth 2 ;ﬁ Cltost —
Process of pregnancy  |no complications E] [FHolds his head [IStand up sntry
R OToge
Score on the Apgar scale h o Save the record
Firstory at once i]
c: Delets the record
Figure 4. AEWP of the neurologist. Tab “General Information”.
General nformation | MNeurological status refienes | Resuits of | studies | Treatment [ The history of surveys———
| [13.02.2107
Crounfarencs of tehead (3| mm Muscie tone | Il |E
Cireumference of the chest |2 | sm USLR b e | E |
et Pathological reflexes | T
Great breeches |22 ] Ll |sm |
MNeuro-mental devalopment |With deviations
[Deveiopment of cranial nerves =
[F]Merves without pathalog Sensitivity | |
AN SN— |_ x|
Fpek [ ™ Coordnate test [ = |
m, W, vipars | ¥ Sample of Romberg [ ¥ |
Lo [ Finger-hose Sample [ i ¥ |
VIl pair [ 2 Dermographism [ ~ —
% i a record
Vil pair L _|i] Hyperhidroses | Q
the
X, X pairs ¥ Inteliect | = Selt s e,
X1 pair | i] Language development | !] Save the record
P e T [ i
} Delete the record

Figure 5. AEWP of the neurologist. Tab “Neurological Status”.
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~Oral reflax + rReflex
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Swallowing reflex [ T || Babymskyi refiex i T |
Proboscis reflex ¥l || camrefiex M
Babkina (palm-oral reflex) g "Automatic” walking reflex g
Kussmaul (search reflex) g Supports reflex ‘ l
Spinal reflex v Bauer reflex L W
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S
Morra reflex [ Asymmetric cervical-tonic reflex | I
= —
Optical adjusting reflex Symmetrical cervical-tonic reflex | ™
Save the record
Labyrinth reflex | . Landau refiex gf || =
Meck refiex ® Perez raflex [ i i[
e - — — 4 Deleta the record
Figure 6. AEWP of the neurologist. Tab “Newborn Reflexes™.
Results of special studies Jml “The history of surveys ~
11 [13.022107
[ Advanced biood test =) Advarcedbloodtest— . || 11032017
[ladvanced urive analysie (B3] pH [7.24 | (actosi)
| [Biochemistry of blood (sugar, bllh.bh) Red blood cells %4,1 10712
FlEcs Leukocytes [ | 1079
Decoec [T Platelets I
Cleec rate of erythrocyte sedimentation |6 mmh
ores (2 e £ |
|
| ==
nser B ]
Add a record
i
pr @
Save the record
Delete the record

Figure 7. AEWP of the neurologist. Tab “Results of special research. Advanced Blood Analysis™.

This AEWP is implemented as a database client with a set of automated computing func-
tions, query constructor for the database, and a medical reference book.

Work with the AEWP of the neurologist begins from the search for the required patient
who arrived at the reception. The search is carried out according to the criteria: surname,
name, date of birth and other. After identifying the patient, it is possible to see his medical
history and view the information from the stored review cards, diagnoses and appointments.
In the case of a new patient, his registration is carried out in the system, which provides the
introduction of biographical data, which base on the metric and words of mother.

The interface of the neurologist’s review card is divided into several tabs for ease of percep-
tion and work with information. The first tab is “General information”, which is shown in
Fig. 4. It is intended for viewing the patient data, as well as general data on his history of life.
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In case of making a new card, the doctor must fill in the fields about the cause of treat-
ment, the nature of the reception and complaints of the patient. By double-clicking on the
form, a software window appears in which you can select and add standard template phrases
to reduce the time of filling the card. Also, the doctor estimates the general condition of the
newborn.

It should be noted that the transition between the tabs is accompanied by the automatic
saving of information in the database, therefore, the doctor does not necessarily constantly
click on the “Save record” button.

The next tab “Neurological status™ is intended for a more detailed examination by a doc-
tor. In the process of medical examination, the doctor performs an examination of the neces-
sary parameters of the newborn body based on anamnesis of life and complaints, namely,
anthropometric parameters, development of the cranial nerves, state of consciousness, mus-
cle tone, required tests, sensitivity, linguistic development, intelligence, etc.

The doctor can select the parameter value for each item from the drop-down menu, which
also reduces the time of filling the tab.

The next tab is “Newborn Reflexes”. Filling in this tab is based on simple experiments
that are performed over the newborn. But it should be noted that not all reflexes are checked
quickly and painlessly, so it is necessary to regulate the number of these inspections, missing
secondary and unnecessary. As in the previous case, the corresponding fields are filled with
values from the corresponding lists.

The tab “Special Investigations™ is designed to save and review information about specific
laboratory studies, such as blood and urine tests, biochemical blood tests, ECG, EMG, etc.
In this case, the software does not integrate with the appropriate laboratory equipment, but
only saves the entered values of the received data in the database.

The software supports graphic medical images in digital and analog form in used medical
formats, such as simple (Bmp, Jpg, Tiff), and specialized (Dicom) (Schulman et al. 2005).

Image downloading is carried out manually by clicking on the corresponding buttons. The
image is saved automatically, on condition of successful loading. It is also possible to enlarge
a piece of the loaded image or print it.

Another feature of the system is its differentiation into two levels. The first level determines
the current state of newborn’s health, after which the initial treatment program is formed. At
the second level, the initial program is adjusted according to the results of treatment. At each
of these levels, data is stored that is saved in the database and reviewed by the doctor at the
right time [1, 5].

4 CONCLUSIONS

The designed AEWP of the neurologist is a software package, in which all its modules are
functionally-oriented in support of decision-making. The basis of AEWP is an expert system
that helps analyze data. It gives the doctor a comment (or explanation) to each decision, tak-
ing into account intermediate conclusions. The reliability of data processing and obtained
results is achieved by preliminary verification of the data to the internal consistency, com-
pleteness and adequacy of the actual state of the patient. Specialized databases and data
obtained from the patient’s electronic medical card are used for this.

AEWP provides (in analogy with (Kostishyn et al. 2016)) an individual algorithm for diag-
nosing a functional state for each patient. This allows:

— to determine the values of physiological indicators that are evaluated as appropriate ranges
of norm, permissible values and limit values of these indicators;

— to refine the symptom complexes and syndrome complexes, that characteristic of certain
diseases.

The established diagnosis is formed according to a single standard format: the etiology and
clinical variant (portrait) of the disease; phase of the disease (exacerbation, cure); possible
complications.
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Thus, AEWP of the neurologist supports three levels of work function automation with
medical information:

— at the data entry level;
— at the level of their processing using the appropriate databases;
— at the decision-making level.

This gives the doctor the opportunity to optimize the choice of patients, which at the
moment, need the most attention and ensure the effectiveness of the entire medical process.
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