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Abstract. Relevance. The task of developing a model for predicting and preventing adverse perinatal outcomes in
women with COVID-19 is relevant, which should provide an effective clinical solution taking into account individual and
regional characteristics, which will contribute to reducing maternal and perinatal morbidity and mortality. Purpose. To
create a tool for early identification of pregnant women with a high risk of complications in case of COVID-19 to reduce
maternal and perinatal mortality, prevent adverse perinatal complications (using the example of lvano-Frankivsk region).
Materials and methods. The creation of a model for predicting and preventing adverse perinatal outcomes in case of
COVID-19 in women is based on research using the bibliosemantic research method, the method of structural-logical
analysis, analytical, statistical and conceptual methods, clinical, anamnestic and laboratory-instrumental methods,
and questionnaires. Results. The medical and social justification, principles of formation and expected results of the
implementation of the model of prediction and prevention of adverse perinatal consequences of COVID-19 in women
are presented. The development and implementation of such a model can be carried out in 5 stages over 3 years:
preparatory and analytical (1-2 quarters of the 1st year), creation and testing of a digital model (3—-4 quarters of the
1st year), pilot implementation in the region (1-2 quarters of the 2nd year); scaling and integration (3-4 quarters of
the 2nd year); effectiveness assessment and continuous improvement (3rd year and beyond). Model components:
screening stage (at the primary level); prediction stage (secondary level); response stage (tertiary level), information
support and monitoring. Conclusions. The practical implementation of the developed model allows improving the
quality of medical care for pregnant women during the pandemic, optimizing the use of healthcare system resources,
reducing the incidence of complications and improving perinatal outcomes even in conditions of limited resources.
Key words: COVID-19, pregnancy, perinatal care, prediction, prevention, model.

Pesiome. AKTYAAbHICTb. AKTYQAbHUM € 3QBAQHHSI PO3POOKM MOAEAI MPOrHO3YBAHHST | MPOGIAQKTUKIA HECTIPUSITAUBIX
MEPUHATAABHUX HACAIAKIB Yy KiHOK i3 COVID-19, aka mae 3a6e3nedntn ePeKkTmBHE KAIHIHHE PILLEHHST 3 YPQAXYBAHHSIM
IHAMBIAYQABHUX TQ  PEMIOHAABHUX OCOBAMBOCTEMN, LLUO CrPUSITUME  3HKEHHIO MATEPUHCHLKOI | MepuHATAAbLHOT
30XBOPIOBAHOCTI T cmepTHoCT, Mera. CTBOPUTU IHCTPYMEHT AASI PAHHBOI iaeHTUdIKaLIT BAriTHMX i3 BUCOKMM
PUNKOM YCKACGAHEHD Y Pa3i COVID-19 AAS 3HMKEHHS MATEPUHCBKOT TA NEPUHATAABHOI CMEPTHOCTI, MONEPEeAXKEHHS
HECMPUSITAVBIX MEPUHATAABHUX YCKAGAHEHb (HQ MPUKAQAI IBaHO-PPaHKIBCbKOI 06AQCT). Marepiaan 1a mMetoau.
CTBOPEHHS MOAEAI  MPOrHO3yBAHHST | MPOGIAQKTUK  HECTPUSITAMBAX MEPUHATAABHUX HACAiAKB ripy COVID-19
Y KiHKY ©Q3yETbCSl HO MPOBEAEHUX AOCAIAKEHHSIX 3 BUKOPUCTAHHIM OIBGAIOCEMAHTUYHOTO METOAY AOCAIAKEHHS,
METOA, CTPYKTYPHO-AOMYHOTO QHAAIZY, QHOAITUYHK, CTATUCTUYHWA TQ KOHLENTYQABHUA METOAM, KAIHIYHI, QHOMHECTUNYHI
Q4 AQ6OPATOPHO-IHCTRYMEHTAALHI METOAM, QHKETYBAHHSI. Pe3yAsrary. HOBEAEHO MEeAMKO-COLLOAbHE OBIDYHTYBAHHSI,
MPVHUMMM GOPMYBAHHS TA OHIKYBAHI PE3YALTATU BMPOBAAYKEHHSI MOAESAI MPOrHO3YBAHHST | MPOGIAQKTVKN HECIIPUSTTAVBUX
MEePUHATAAbHNX HACAIAKIB rpy COVID-19 y XiHKW. Po3p06KQ | BIPOBAAXKEHHST TAKOI MOAEAI MOXE 3AIICHIOBATUCH
y 6 eraniB 30 3 pOKuU: MAFOTOBYHO-QHOAITUYHUIA (1-2 KBAPTOA 1-rO POKY); CTBOPEHHS | TECTYBAHHS LIMPOBOI MOAEAI
(3-4KBAPTAA1-TOPOKY); MIAOTHE BMPOBAAYKEHHSIBPETIOHI(1-2KBAPTAAZ2-TOPOKY); MACLUTABYBAHHATAIHTErPALisI (3-4KBAPTOA
2-rO POKY); OLHKA ebEKTUBHOCTI TA NOCTIMHE BAOCKOHOAEHHS (3-11 PiK PiK i AQAI). KOMMNOHEHT MOAEAI: €TaN CKPUHIHTY
(HQ NepPBNHHOMY PIBHI); €Tan NPOrHO3yBAHHS (BTOPUHHWI PIBEHDB); €TAMN PEearyBaHHS1 (TPETUHHWIM PiBEHb); iIHOOPMALINHO
MIATOUMKA TO MOHITOPWHE. BUCHOBKM. TIDAKTUYHE BMPOBAAXKEHHST PO3POOAEHOI MOAEAI AO3BOASIE MOKPALUMTU SIKICTb
MeAUNYHOI AOMOMOr BAriTHUM Y repios NaHAeMil, orntumi3yBaTy BUKOPUCTAHHSI PEeCyPCIB CUCTEMM OXOPOHU 3A0P0B S,
3HU3UTU YOCTOTY YCKAQAHEHb TA MIABULLMTI MEPUHATAAbHI PE3YALTATY HABITH B YMOBAX OOMEXXEHMX PECYOCIB.

KAtouosi caosa: COVID-19, BAriTHICTb, MEPUMHATAAbHI AOIASIA, MPOrHO3YBAHHSI, MPOGIAQKTIKA, MOAEAD.

Introduction as they have physiological changes in the immune, respira-
The COVID-19 pandemic has become an unprecedented ~ tory, and cardiovascular systems that reduce their ability
challenge for the global health system. Pregnant women to effectively resist viral diseases [1, 2]. SARS-CoV-2 has
are particularly vulnerable to the spread of the infection, demonstrated the ability to provoke a wide range of obstet-
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ric complications that negatively affect both the course of
pregnancy and the condition of the fetus [3].

Scientific observations indicate an increase in the fre-
quency of preterm birth, preeclampsia, fetoplacental insuf-
ficiency, intrauterine growth retardation, and even perinatal
mortality in pregnant women with COVID-19 [4; 5]. It has
been established that the severe course of the disease, espe-
cially in the third trimester, significantly increases the risk
of adverse outcomes, in particular due to systemic hypoxia,
endothelial dysfunction, and cytokine storm [6].

The issue of predicting such complications is attracting
serious attention. The presence of clinical and laboratory
predictors — such as increased levels of C-reactive pro-
tein, D-dimer, ferritin, and decreased lymphocyte counts —
allows the creation of risk assessment algorithms and mod-
els for early intervention [7]. In some cases, women require
hospitalization in the intensive care unit, which complicates
the possibilities of traditional perinatal care [8].

There is a growing need to create prediction models
that would allow taking into account the multifactorial
nature of COVID-19 in pregnant women. Such models
should combine clinical, epidemiological, social, and bio-
chemical indicators to assess the individual risk of adverse
pregnancy outcomes [9]. At the same time, the prevention
system should include both general epidemic measures
(vaccination, contact monitoring) and modern clinical rec-
ommendations for the management of infected pregnant
women in accordance with the guidelines of WHO, FIGO,
and ACOG [10; 11].

Against the background of limited resources of the med-
ical system in Ukraine, it is important to adapt these inter-
national approaches to the realities of the national model of
perinatal care. Data from domestic researchers confirm the
increase in the frequency of hypoxic-ischemic fetal lesions,
obstetric hemorrhages and preterm births in women with
confirmed COVID-19 [12]. However, in Ukraine there are
currently no universal prognostic tools that cover the full
range of clinical data, diagnostic features and preventive
options.

Therefore, the task of developing a model for predict-
ing and preventing adverse perinatal outcomes in women
with COVID-19 is urgent. Such a model should provide an
effective clinical solution taking into account individual and
regional characteristics, which will contribute to the reduc-
tion of maternal and perinatal morbidity and mortality [13].

Purpose

To create a tool for early identification of pregnant
women at high risk of complications in case of COVID-19
to reduce maternal and perinatal mortality, prevent adverse
perinatal complications (using the example of Ivano-
Frankivsk region).

Materials and methods

The medical and social justification for the need to
create a model for predicting and preventing adverse
perinatal outcomes in women with COVID-19 is based on
previously conducted studies [14-17].

To identify problematic issues in the provision of
perinatal medical care during the COVID-19 pandemic
and approaches to solving them, the research materials
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used were international recommendations, the legislative
framework of Ukraine on the provision of perinatal care
during the COVID-19 pandemic, and the bibliosemantic
research method and the method of structural-logical
analysis were used.

A comparative analysis of the effectiveness of perinatal
care at the state and regional levels (Ivano-Frankivsk
region) for 2017-2021 was conducted, which includes, in
particular, 2 years of the COVID-19 pandemic and previous
years for the analysis of dynamic trends using statistical
data from the Ministry of Health of Ukraine.

The assessment of the volume of perinatal care during
the COVID-19 pandemic in the context of a separate
region was carried out based on data from the Electronic
Integrated Disease Surveillance System (ELISSZ) and
data from the Ivano-Frankivsk Regional Perinatal Center
(OPC). Data from the State Committee for Statistics of
Ukraine and statistical documents of the Ministry of Health
of Ukraine were used. Bibliosemantic, analytical, statistical
and conceptual methods were used. The study period was
2020-2023.

A retrospective and clinical study to determine the
risk factors for perinatal complications was carried out
on the basis of obstetric and gynecological hospitals of
the Ivano-Frankivsk region from April 2020 to December
2022. The study included 341 patients with laboratory-
confirmed COVID-19 during pregnancy (the main group)
and 50 pregnant women who did not have COVID-19
during pregnancy. The frequency of the most adverse
perinatal outcomes (antenatal and neonatal mortality,
preeclampsia, fetal distress and/or growth retardation,
premature birth, neonatal asphyxia, congenital pneumonia)
was 27.3%. A comprehensive study to identify risk
factors for adverse perinatal outcomes included 200
women hospitalized with COVID-19 during pregnancy:
subgroup O1 — 50 women with adverse perinatal outcomes,
subgroup O2 — 150 patients with a relatively favorable
course of the gestational period). Research methods:
clinical and anamnestic analysis (study of age, gestational
age, obstetric history, concomitant pathology, features of the
course of COVID-19; laboratory and instrumental methods
(complete blood count with formula, ESR); biochemical
markers (CRP, D-dimer, procalcitonin, interleukin-6,
vitamin D, von Willebrand factor); CT/lung radiography;
fetal ultrasound, Dopplerometry, CTG; assessment of
perinatal outcomes (type of delivery; presence of perinatal
complications, mortality).

Statistical analysis: calculation of the odds ratio (OR)
with a 95% confidence interval, coefficient of variation
in the analysis of expert assessment. Development of
a mathematical prediction model: based on the expert
assessment of the identified clinical and laboratory risk
factors, a model for stratifying pregnant women by risk
level was built.

Socio-medical methods: content analysis of medical
records (341 patients with laboratory-confirmed COVID-19
during pregnancy) and 50 pregnant women who did not have
COVID-19 during pregnancy; sociological questionnaire
(120 patients who were pregnant at the time of the pandemic
and 70 doctors who provided perinatal care during this
period were interviewed); expert assessment method
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(30 doctors assessed the effectiveness of the proposed
model at a sufficient level).

Results

The medical and social justification for the need to
create a model for predicting and preventing adverse
perinatal outcomes in women with COVID-19 is as
follows. Medical justification: SARS-CoV-2 negatively
affects the endothelium, immune system, and coagulation
system, which complicates the course of even physiological
pregnancy, and therefore a model is needed that allows:
to identify pregnant women with a high risk of adverse
outcomes in the early stages; to predict the dynamics of
the course of pregnancy in the presence of infection; to
prevent complications through individualized observation,
hospitalization, and preventive interventions Social
justification: the consequences of COVID-19 in pregnant
women have a significant impact on the demographic
situation (increased perinatal mortality and worsening
fertility rates); family well-being (increased psycho-
emotional stress, risks of losing a child); the economy of

the region (costs for neonatal resuscitation, intensive care,
hospitalization).

The principles of forming a model for predicting and
preventing adverse perinatal outcomes in women with
COVID-19 are as follows.

* Use of bioethical and evidence-based approaches.

* Combining clinical data, laboratory and instrumental
research results, vaccination history and comorbidities.

» Use of digital solutions (AI algorithms, programs,
mobile applications) for prediction.

* Providing a personalized management route for
pregnant women with COVID-19 or at high risk of
infection.

The development and implementation of such a model
can be carried out in 5 stages (Fig. 1) over 3 years:

1. Preparatory and analytical (1st—2nd quarter of the 1st
year)

2. Creation and testing of a digital model (3rd—4th
quarter of the 1st year)

3. Pilot implementation in the region (1st-2nd quarter
of the 2nd year)

2024.

epidemiologists, IT specialists).

Preparatory and
analytical

Objective: To create a basis for the implementation of a prediction system
* Conduct a regional analysis of cases of complicated pregnancy with COVID-19 for 2020—

» Formation of a multidisciplinary expert group (obstetricians, infectious disease specialists,

« Identification of clinical and laboratory risk predictors.

* Analysis of the existing IT infrastructure (eHealth, medical information systems).

* Preparation of algorithms and protocols based on the evidence base (WHO, ACOG, Ministry
of Health of Ukraine guidelines).

Creation of a digital
model

Objective: To develop an electronic risk prediction and assessment tool

* Creation of a regional software module with an interface for doctors.

* Implementation of an individual risk assessment scale.

« Internal testing of the model in several pilot health facilities.

» Development of a mobile application or integration with existing eHealth applications.
« Creation of instructions and training materials.

Pilot implementation cflectiveness

Objective: To verify the effectiveness of the model in practice

* Implementation of the model in 3—5 obstetric institutions of different levels.

» Conducting training courses for staff (doctors, nurses, social workers).

* Monitoring the sensitivity, specificity and predictive accuracy of the model.

* Analysis of the impact of the model on routing, complication rates, and prevention

Goal: Implement the model in all health care facilities in the region

Scaling and integration

e Inclusion of the model in the regional standard for providing medical care to pregnant women.
» Expansion of access to the software tool to all obstetric institutions in Ivano-Frankivsk region.
 Formation of automated clinical decisions for risk groups (hospitalization plan, appointment
of prophylaxis, consultations).

* Regular clinical and administrative audit of results.

Performance evaluation
and improvement

Objective: Ensure the model is sustainable and adaptable to changes

* Collect data on perinatal outcomes: preterm birth rates, hypoxia, mortality.

» Update the model based on new scientific data (including post-COVID conditions).
» Conduct external peer review (e.g., WHO, international medical funds).

* Publish results in scientific journals and present at medical forums.

Fig. 1. Stages of development and implementation of a model for predicting and preventing adverse perinatal
outcomes of COVID-19 in the mother (schematic representation)
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4. Scaling and integration (3rd—4th quarter of the 2nd
year)

5. Performance assessment and continuous improvement
(3rd year and beyond)

Model components (Fig. 2):

L. Screening stage (at the primary level)

Goal: Early identification of pregnant women at risk.

Parameters:

* Gestational age

* Presence of COVID-19/suspicion (anamnesis, PCR/
Ag test)

» Comorbidity (diabetes, obesity, hypertension)

* Vaccination status

* SpO2 saturation (<95%)

* Temperature > 37.8°C and

* additional course of the disease and pregnancy in
dynamics.

Tool: Development of a risk assessment scale, moderate
and high risk - hospitalization in a level II-11I institution.

I1. Prediction stage (secondary level)

Goal: Predict adverse outcomes.

Methodology:

* Retrospective analysis of cases of complications
among pregnant women with COVID-19 in 2020-2023 in
the region.

* Application of mathematical methods to build a
prediction scale:

* Modeling of defined perinatal risks:

preterm birth,

antenatal fetal death,

hypoxia/asphyxia of the newborn,

cesarean section for urgent indications.

Platform: Specialized software integrated into the
existing one (based on the regional health department or
perinatology department).

II1. Response stage (tertiary level)

Goal: Determining the patient's route and preventing
complications.

Measures:

* Routing of high-risk pregnant women to level III
institutions (Ivano-Frankivsk Regional Perinatal Center).

* Prescribing preventive drugs (anticoagulants, oxygen
therapy).

* Active fetal monitoring (CTG, ultrasound, Doppler).

* Early involvement of a multidisciplinary team
(obstetrician-gynecologist, infectious disease specialist,
neonatologist, and, if necessary, other specialists).

Information support and monitoring

* Electronic registry of pregnant women with COVID-
19 (based on regional medical information systems)

* Analytical panel with indicators (number of cases,
mortality, premature births, SpO2 level, etc.)

* Quarterly audit of results to assess the effectiveness
of the model

Expected effects of implementing prediction of adverse
perinatal outcomes in women with COVID-19:

* Reduction in the rate of preterm birth by >20%.

* Reduction in the number of cases of intrauterine fetal
death by >30%.

* Improvement in the dynamics of perinatal mortality
indicators.

* Rational use of perinatal service resources.

Conclusions

1. SARS-CoV-2 infection during pregnancy significantly
increases the risk of adverse perinatal outcomes, such
as preterm birth, placental insufficiency, fetal hypoxia,
preeclampsia, and perinatal mortality. The risk is particularly
high in severe COVID-19 in the third trimester.

2. The most informative clinical and laboratory
predictors of complications are: lymphopenia, increased
levels of C-reactive protein, D-dimer, procalcitonin, and
the presence of comorbidities (obesity, hypertension,
diabetes mellitus).

3. The developed prediction model is based on a
multifactorial analysis of clinical and socio-demographic
indicators and allows stratification of pregnant women
by risk level. This contributes to the individualization of
pregnancy management and increased effectiveness of
preventive measures.

4. Prevention of adverse outcomes should include
not only timely COVID-19 diagnosis and treatment, but
also constant monitoring of the condition of the mother
and fetus, interdisciplinary management of patients, and
ensuring vaccination in accordance with the guidelines of
the Ministry of Health, WHO, and FIGO.

5. The practical implementation of the developed
model allows improving the quality of medical care for
pregnant women during the pandemic, optimizing the use
of healthcare system resources, reducing the incidence of
complications, and improving perinatal outcomes even in
conditions of limited resources.

The authors declare that there is no conflict of interest.

Level Institution Tasks
1 outpatient clinic / women's consultation Screening, referral, low risk
11 City / district maternity Moderate risk management
1T Regional perinatal center High risk, neonatal resuscitation
Methodological Dep anmg?;tgigfjilrtl}ils?rgg)?(E(I:S?SEL?ISHRegional Coordination, statistics
Consultative IFNMU (Department of Obstetrics / Epidemiology) Scientific support

Fig. 2. Organizational structure of the implementation of the model for predicting and preventing adverse
perinatal outcomes in women with COVID-19
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