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Abstract

Relevance. In modern healthcare, cervical cancer screening
with Pap tests is a cornerstone of efforts for early detection of
this disease in the female population. However, the interpreta-
tion of Pap test results applying traditional microscopy may be
subject to variability and subjective assessment among diffe-
rent specialists, which requires the development of a reliable
analytical framework. The introduction of digital microscopy
into medical diagnostics will allow to objectify the diagnostic
process and the effectiveness of detection and classification of
cellular changes.

Objective. To evaluate the effectiveness of application of the
developed architecture of the hybrid information system in
diagnostics of cellular atypia in Pap tests.

Methods. The mechanism for developing a prototype of the
information hybrid system for describing cellular transforma-
tions in Pap tests included the following steps: study of the
subject area, construction of the conceptual apparatus of the
system; study of parameters for objectification, determination
of value ranges by analyzing the world literature; selection of
a software platform for implementation, testing of the system
together with medical experts by means of digital shooting of
clinical material and comparison of hypotheses issued by the
system and the opinion of medical staff with the compilation
of a matrix of adjacency of hypotheses of cellular transforma-
tions according to the Bethesda classification from 2014 and
calculation of the following parameters of the accuracy of the
applied system: accuracy (Acc, Accuracy), specificity (Spec,
Specifity), sensitivity (Sens, Sensitivity) and area under the
curve (ROC AUQ).

Results. Based on the conducted analysis, a prototype of the
information hybrid system ,Information hybrid system for
describing cellular transformations of Pap tests” was develo-
ped, which has two basic blocks: 1) ,Objectifier of images
with Pap tests cells” [ the section contains a program develo-
ped taking into account the structure of the knowledge base
that automatically processes images and extracts objective
parameters from them; 2) ,Knowledge base for objective
description of cellular changes and its Solver” [ the module
contains objective indicators determined during the study of

Abstrakt

Vychodiska. V modernej zdravotnej starostlivosti je skrining
rakoviny kréka maternice pomocou Pap testov zakladnym
kameriom usilia o véasné odhalenie tohto ochorenia u Zen-
skej populdcie. Interpretdcia vysledkov Pap testu s pouzitim
tradi¢nej mikroskopie vsak méze podliehat variabilite a sub-
jektivnemu hodnoteniu medzi roznymi odbornikmi, o si
vyzaduje vyvoj spolahlivého analytického ramca. Zavedenie
digitalnej mikroskopie do lekarskej diagnostiky umozni ob-
jektivizovat diagnosticky proces a efektivitu detekcie a klasi-
fikacie bunkovych zmien.

Ciel. Vyhodnotit efektivitu aplikdcie vyvinutej architektiry
hybridného informacného systému v diagnostike bunkovych
atypii v Pap testoch.

Metody. Mechanizmus vyvoja prototypu informacného hyb-
ridného systému na popis bunkovych transformdcii v Pap
testoch zahfnial nasledujice kroky: Stidium danej oblasti,
konstrukcia pojmového aparatu systému; Stidium paramet-
rov pre objektivizaciu, urcenie rozsahu hodnét analyzou
svetovej literattry; vyber softvérovej platformy na implemen-
taciu, testovanie systému spolu s medicinskymi expertmi
pomocou digitdlneho snimania klinického materialu a po-
rovnavania hypotéz vyplyvajlcich zo systému a vyjadrenia
zdravotnickeho persondlu s naslednym zostavenim matice
podobnosti hypotéz bunkovych transformacii podla klasifi-
kacie Bethesda (2014) a vypoctom parametrov presnosti
aplikovaného systému (presnost, Specifickost, Specifikdcia,
citlivost) a plochy pod krivkou (ROC AUC).

Vysledky. Na zdklade vykonanej analyzy sme vyvinuli proto-
typ informacného hybridného systému ,Informacny hybrid-
ny systém na popis bunkovych transformacii Pap testov”,
ktory ma dva zdkladné bloky: 1. Objektifikator obrazov s
bunkami Pap testov - obsahuje program vyvinuty s prihliad-
nutim na Struktdru bazy znalosti, ktory automaticky spractva
snimky a extrahuje z nich objektivne parametre; 2. Znalostna
baza pre objektivny popis bunkovych zmien a jej riesitel -
modul obsahuje objektivne ukazovatele urcené pri Stddiu
svetovej literatdry s prislusnymi vstupnymi polami pre pou-
zivatelov, charakterizujicich pomocou riesitela hypotézy
priradenia ku konkrétnemu typu bunkovej transformdcie.
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global literature with the corresponding input fields for users,
characterizing with the help of the Solver hypotheses of assign-
ment to a particular type of cellular transformation. Together
with cytologists of the FEFU Medical Complex, an assessment
was made of the coincidence of reasoning about the belon-
ging of cells to a particular class of atypia of the developed
system with the opinion of experts on 100 images. The fol-
lowing parameters of the accuracy of the developed informa-
tion architecture of the system were obtained: Accuracy =
78%, Sensitivity = 79% and Specifity = 89% with AUC = 83%.
Conclusion. The proposed prototype of the information hybrid
system demonstrates the possibility of objectification of cellu-
lar transformations observed in Pap tests. By combining com-
putational methods with expert knowledge, the system allows
for a standardized approach to cytological analysis, thereby
potentially increasing the accuracy and effectiveness of cervi-
cal lesion screening programs (Fig. 4, Ref. 15). Text in PDF www.
lekarsky.herba.sk.

KEY WORDS: cellular atypia; cervix; Pap tests; hybrid medical
systems.
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Introduction

Cervical cancer (CC) remains a major global health
burden, with significant morbidity and mortality in the
female population, especially in regions with limited ac-
cess to screening and scarce health resources (6, 11).
According to WHO statistics, CC is among the most
common malignant neoplasms, causing significant can-
cer-related deaths worldwide (2, 5).

In Russia, despite the development of health in-
frastructure and preventive measures, CC remains a
common problem, creating a significant burden on the
healthcare system, which requires modernization of
existing research protocols (8, 9). Traditional CC scree-
ning methods, such as Pap tests, have played an impor-
tant role in efforts to prevent this disease (3, 14, 15).
However, their diagnostic accuracy is characterized by
moderate sensitivity and specificity and usually ranges
from 50% to 70% (6, 2,12). Such limitations may result
in false negative or false positive results, potentially
compromising patient outcomes and necessitating
further and/or repeated diagnostic procedures (1, 4).

In recent years, the advent of digitalization and
computational methods has opened new opportunities
to improve the accuracy and objectivity of cervical can-
cer diagnostics (11, 15, 5, 14, 3). Digital imaging tech-
nologies allow for accurate recording and analysis of
cell morphology, providing a more comprehensive as-
sessment of Pap test results. Using machine learning
algorithms and expert cytological knowledge, HIS repre-
sents a promising approach to complement traditional
diagnostic methods (2).

The integration of digital technologies with cytolo-
gical expertise in the proposed HIS has significant po-
tential to improve the sensitivity and specificity of cer-
vical cancer screening. With automated analysis and
standardized criteria, the system facilitates objective as-
sessment, reducing the variability and subjectivity inhe-
rent in manual “by eye” interpretation by cytologists

Spolu s cytol6gmi FEFU sa uskutocnilo hodnotenie zhody o
prislusnosti buniek k urcitej triede atypii medzi vyvinutym
systtmom s nazorom odbornikov na 100 snimok. Ziskali
sme nasledovné parametre presnosti vyvinutej informacnej
architektiry systému: Presnost = 78 %, Citlivost = 79 % a
Specifickost = 89 % s AUC = 83 %.

Zaver. Navrhnuty prototyp informac¢ného hybridného systé-
mu predstavuje moznost objektivizacie bunkovych transfor-
macii pozorovanych v Pap testoch. Kombinaciou vypocto-
vych metéd s odbornymi znalostami systém umoznuje
Standardizovany pristup k cytologickej analyze, ¢im potenci-
dlne zvysuje presnost a efektivitu programov skriningu cer-
vikalnych |ézii (obr. 4, ref. 15). Text v PDF www.lekarsky.herba.
sk.

KLUCOVE SLOVA: bunkovd atypia, kréek maternice, Pap
testy, hybridné pocitacové systémy v medicine.
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with varying experience (2, 5, 12). The use of HIS may
leads to increased objectivity in the study of gynecolo-
gical smears and diagnosis of the degrees of cellular
atypia, ensuring timely intervention and, ultimately, con-
tributing to a reduction in morbidity and mortality from
cervical cancer.

Materials and Methods

The main aim of this research was to evaluate the
effectiveness of the developed architecture of the hyb-
rid information system in the diagnosis of cellular atypia
in Papanicolaou tests.

The study is an experimental, non-randomized,
single-center, uncontrolled study that does not involve
intervention in standard clinical processes and was con-
ducted in one medical institution [ the Medical Complex
of the Far Eastern Federal University (FEFU). The study
is one-stage (cross-sectional), since all data were collec-
ted within one time. The purpose of the study was to
test and evaluate the developed prototype of the infor-
mation hybrid system for the diagnosis of cellular atypia
in Pap tests in comparison with the experience of ex-
pert cytologists. The study included the stages of deve-
loping and testing the system. Initially, an analysis of the
subject area and literature was carried out to identify
objective parameters for describing cellular transforma-
tions. Then, a software platform was selected, and the
system was tested on 100 digital images of clinical ma-
terial from 10 patients. A comparison was made of the
hypotheses of the developed IHS with the hypotheses
of cytologists about the belonging of the observed cell
to a particular type of cellular changes according to the
Bethesda classification of 2014. To evaluate the effecti-
veness of the system, a hypothesis adjacency matrix
was implemented, and the following parameters were
calculated: accuracy, sensitivity, specificity, and area
under the curve.

www.lekarskyobzor.sk
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Pap test samples had to be digitalized and cover
the spectrum of cellular transformations according to
the 2014 Bethesda classification, annotated by expert
cytologists for interpretation by the system. The deve-
lopment of modules was carried out in accordance with
the rules for the implementation of software (7).

The study was conducted at the FEFU Medical
Complex. It has the approval of the local ethics com-
mittee of the FEFU No. 6 dated 04/19/2023.

Specific factors that may affect the external genera-
lizability of the results are that the system was tested in
one medical center, which reduces the possibility of
generalizing the data to other institutions with different
technical equipment and levels of specialist training.
Another important factor is the digital imaging method
used in the study. Image quality and imaging standards
may vary depending on the equipment and protocols
used in other medical centers, which may affect the re-
sults when extrapolating the technology to other condi-
tions.

The period of inclusion of patients in the study was
planned for six months. During this time, digital images
of Pap tests were collected for further testing of the
system. The study did not provide for long-term obser-
vation of patients, since the focus was on processing
the already collected clinical material.

The duration of the observation period was limited
to testing the system on the collected data and lasted
a week, considering the workload of the experts.

In the study, objects (cell images) were divided into
eleven main groups based on the 2014 Bethesda clas-
sification of cellular atypia. Eleven images were assigned
to each group. Since each class of cellular atypia is de-
fined and assessed in each image, a total of 1,100 hy-
potheses were assessed for all images with the defini-
tion of the hypothesis type.

To record the hypotheses of cytologists about the
observed cellular changes, a visual assessment of cell
images was used. Physicians manually classified each
image by the type of cellular transformation based on
the 2014 Bethesda classification. This data was recor-
ded for subsequent comparison with the hypothesis re-
sults issued by the system.

Comparison of the results of the system and phys-
icians - an assessment of the coincidences and discre-
pancies between the system’s hypotheses and expert
opinions was recorded manually and used for statistical
analysis of the system’s accuracy.

To record feedback on the clinical applicability and
usability of the system, questionnaires were used, which
were filled out by physicians after working with the sys-
tem. The survey included questions about the usability of
the interface, the speed of operation, the correctness of
the hypotheses proposed by the system, as well as gene-
ral impressions and suggestions for improving the system.

Results
The study used 100 digital images of cells obtained
from 11 glasses with Pap tests, which underwent

microscopic processing and subsequent digitalization.
The sample was clinical material obtained from patients
who underwent standard Pap tests to identify possible
signs of cellular atypia. These images were collected
and digitized for their further analysis using the develo-
ped hybrid information system (HIS).

As a result of the work, the HIS module ,Objectifier
of images with Pap test cells” was developed for auto-
matic extraction of objective cellular parameters, such
as cell size, nucleus size, calculation of the nuclear-cy-
toplasmic ratio (NCR) (8, 9).

These parameters are automatically transferred to
the knowledge base for subsequent formation of hy-
potheses about the presence of cellular atypia based on
objective data. The algorithm of its operation is asso-
ciated with the use of the Otsu algorithm, calculation
of sizes based on the data of the entered image and
the level of microscope magnification designated by the
user, assessment of the average color of the nucleus
and cell to classify them into different types of staining
intensity.

The images corresponded to all cellular transforma-
tions: from cells without cellular atypia (type NILM [ no
intraepithelial atypia) to cells with varying degrees of
atypia (LSIL, HSIL, ASC-US, etc.) in accordance with the
Bethesda system of 2014.

All images were standardized in resolution and qu-
ality, ensuring the homogeneity of the original data for
subsequent morphometric analysis. Images were obtai-
ned using digital microscopes, which minimized techni-
cal distortions. This material was used to test the deve-
loped system, and the hypotheses generated by the
system based on morphometric analysis were compared
with the conclusions of two cytologists from the
Laboratory Diagnostics Center of the FEFU Medical
Complex.

During the study, based on international experience
in constructing hybrid systems for supporting medical
decision making (HSSMDM), our own hybrid system
was developed for diagnosing cellular atypia in gyneco-
logical cytology.

For this structure of the knowledge base, a Solver
with a rational apparatus in the form of a separate
microservice was developed, which is a site where,
using the RestAPI protocol, applications can access it
with input parameters in the service address line and
receive a response in the form of a line with classified
hypotheses-reasoning (SkiaAtlas site). Its main meaning
is to consider and sum up the points scored for each
of the hypotheses. If the input feature corresponds to
the value from the knowledge base (falls into the range
or corresponds to the string value of the dictionary),
then the hypothesis gets +1 point, if not, then [1 point.
As a result, one confirmed hypothesis with the highest
number of points is formed. The remaining hypotheses
are divided into non-rejected hypotheses with a smaller
number of points scored and rejected hypotheses with
a minimum number of points.
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For the convenience of users, a web interface was
developed in the form of a one-page site with a form
for manual data entry or downloading a video stream
from a digital device obtained during a cytological
study to extract objective parameters from it (Fig. 1)
(Web application).

To demonstrate the operation of the system, let us
consider an example of a patient without gynecological
diseases. A cell without cellular atypia was detected in
the field of view, corresponding to the NILM status ac-
cording to the Bethesda classification from 2014, deter-
mined by a cytologist. During the operation of the al-
gorithm, the objective parameters of the cell were
automatically determined: cell size 1500 um, nucleus

Figure 1. Web Application Interface. .
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size 50 pm, NCR 3%, normochromic cell and hyper-
chromic nucleus. As a result, the following reasoning of
the system was obtained, corresponding to the reaso-
ning of the cytologist (Fig. 2).

In addition, let us consider an example of a cell
with a high level of HSIL atypia according to the con-
clusion of a cytologist in a patient with cervical cancer.
As a result of the objectification algorithm, the following
input parameters for the knowledge base were automa-
tically determined: cell size 1000 um, nucleus size 120
pum, NCR 12%, hyperchromic cell and hyperchromic
nucleus. The following system reasoning was obtained,
corresponding to the reasoning of the cytologist (Fig.
3).

Determining cytological test results
using the knowledge base

Take Photo

Get hypotheses

Figure 2. An example of forming hypotheses for a cell without atypia (NILM).
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Figure 3. An example of forming hypotheses for a cell with severe atypia (HSIL).
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The testing of the provided examples of the syste-
m’s operation was carried out by two cytologists of the
FEFU Medical Complex by assessing the coincidence of
the reasoning of the developed system, formed based
on objective analysis and segmentation of individual
image components, with the subjective opinion of ex-

perts on 100 images. In each image, each of the atypia
classes was determined and assessed. Thus, a total of
1100 hypotheses were assessed for all images with the
determination of the hypothesis type and an adjacency
matrix was compiled (Fig. 4). It was found that since
rejected and non-rejected hypotheses are established in

Figure 4. Confusion matrix of comparison of hypotheses of cytologists and the developed HIS.
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most cases, their number prevails in the developed ad-
jacency matrix. The confirmed ones turned out to be
the least, since one or none of them can be determined
during one iteration. In general, the reasoning of the
developed HIS quite successfully imitated the decision-
-making process of cytologists when assessing cellular
atypia in the observed images using an automated al-
gorithm for image analysis and segmentation and the
reasoning module of the developed knowledge base.
On average, the accuracy metrics of the system’s res-
ponses when assessed by experts were Accuracy =
78%, Sensitivity = 79% and Specifity = 89% with AUC
= 83%.

The implementation of the objective feature extrac-
tion algorithm includes a full set of methods and ana-
lyses that allow HIS to extract detailed information from
images obtained during digital microscopy. The combi-
nation of detection of cell and nuclear contours, asses-
sment of their morphometric parameters, provides a
basis for objective image analysis, facilitating objective
decision-making in cytological diagnostics and in trai-
ning of novice specialists.

Discussion

The main result of the study was the creation of an
HIS for the diagnosis of cellular atypia in Pap tests and
the implementation of a method for checking it by
comparing it with the subjective experience of cytolo-
gists. The system demonstrated increased specificity in
classifying normal cells, as well as acceptable results in
analyzing cells with different degrees of atypia. On ave-
rage, the accuracy of the system reached 80% accor-
ding to the obtained accuracy metrics.

The obtained results of the study confirm the hy-
pothesis that the development of hybrid systems that
combine both methods of searching and recognizing
patterns and forming reasoning about the belonging of
the object under consideration to one of the classes
can be an effective tool for diagnosing cellular atypia
in Pap tests. The developed system demonstrated high
specificity in analyzing normal cells, which is consistent
with the results of similar studies demonstrating the abi-
lity of modern automated analysis systems to improve
the reproducibility of diagnostics in routine clinical prac-
tice. However, the system demonstrated slightly lower
sensitivity when classifying cells with a high degree of
atypia, which can be explained by the complexity of
morphological changes and variability of such cells,
which is also noted in scientific studies. This indicates
the importance of further improvement of the algo-
rithms for working with cells with complex atypia and
the possibility of increasing the accuracy of the system
by more accurately accounting for subtle morphological
features.

One of the key limitations of the study is the rela-
tively small sample size - only 100 images obtained
from 11 slides, limiting the generalizability of the fin-
dings and the accuracy of the system when applied to
broader clinical data. Another limitation is related to the

fact that the study was conducted in a single medical
institution, also affecting the extrapolation of the results
to other institutions with different levels of technical
equipment and specialist experience. The quality of the
digital images, despite their standardization, could also
affect the accuracy of the system’s analysis, since small
distortions or artifacts in the images could complicate
the classification of cellular changes. Despite moderate
specificity and sensitivity, the system demonstrated
lower accuracy when working with cells with an unde-
fined degree of atypia (like ASC-US), which requires
further refinement of the algorithms and the use of
more advanced computer vision methods.

Conclusion

Experience from other studies demonstrates that au-
tomated systems for the analysis of cellular atypia can
improve the accuracy and reproducibility of diagnosis
by using objective image analysis algorithms and apply-
ing a formalized knowledge base approach, especially
in cases of obvious pathological changes. However, un-
resolved issues remain related to the processing of cells
with an uncertain degree of atypia, where automated
systems often encounter difficulties in recognizing sub-
tle changes.

In this study, an HIS for the diagnosis of cellular
atypia in Pap tests was developed and tested. The sys-
tem demonstrated moderate accuracy in classifying nor-
mal cells and acceptable results for cells with varying
degrees of atypia. In the group of cells with a low de-
gree of atypia, the system showed particularly high sen-
sitivity, confirming its potential for use in clinical practi-
ce. However, the identified difficulties in recognizing
cells with a low degree of atypia indicate the need for
further improvement of the system algorithms. The re-
sults obtained demonstrate the development of automa-
ted diagnostic methods, offering a tool that can impro-
ve the efficiency and accuracy of routine cytological
diagnostics. The results of the study can be used for
further refinement of the system and its implementation
in clinical processes to improve the quality of diagnos-
tics of cellular atypia.*
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