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Abstract: 
 

Cardiotocography (CTG) is a key method for evaluating fetal condition, providing vital information 

on fetal heart rate and activity. It is widely applied in clinical settings for monitoring the fetus 

during pregnancy and labor. Different types of CTG are employed depending on risk factors. 

Understanding CTG principles and accurate result interpretation helps improve birth outcomes and 

determine optimal labor management strategies. CTG records made during labor serve as medical 

documentation, aiding in comprehensive birth assessments and providing legal protection for 

healthcare providers in complex cases. 
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Introduction 

CTG evaluation typically starts with an analysis of the baseline fetal heart rate, which is one of the 

main characteristics of heart function and a very important parameter for assessing fetal heart 

activity as a criterion of intrauterine status. It was proven in the early 1970s that fetal heart rate 

decreases as pregnancy progresses. At 15 weeks, the normal heart rate averages 160 bpm, while at 

term, it averages 140 bpm. This phenomenon is linked to the gradual activation of the 

parasympathetic division of the autonomic nervous system (ANS) and indicates that heart rate 

depends on the maturity of this system [6; 7]. 

In early pregnancy, the sympathetic component of the ANS dominates, which is why the fetal heart 

rate is generally higher than in later pregnancy. Once the parasympathetic division reaches a certain 

level of maturity, a balance is established between the two components of the ANS, leading to a 

reduction in the average (baseline) fetal heart rate. 
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Method 

Thus, heart rate is influenced by the constant interaction between the parasympathetic and 

sympathetic nervous systems. Initially, heart rate is set by the atrial pacemaker and is approximately 

60 bpm. Impulses from higher centers of the ANS are transmitted to the heart via the vagus nerve 

(parasympathetic component) and sympathetic fibers. At term and in normal fetal conditions, heart 

rate ranges between 110-160 bpm (averaging 140-145 bpm), reflecting the interaction between the 

parasympathetic and sympathetic nervous systems. 

Fetal tachycardia can result from several factors, including: 

➢ Fetal anemia. Tachycardia helps increase cardiac output and tissue perfusion. 

➢ Congenital heart defects and fetal heart dysfunction, compensated by an increased heart rate 

and cardiac output. May be accompanied by arrhythmia (tachyarrhythmia, paroxysmal 

ventricular tachycardia, ventricular extrasystole). 

➢ Maternal fever. This leads to an activation of fetal myocardial metabolism and increased 

sympathetic activity. 

➢ Maternal hyperthyroidism. Thyroid hormones pass through the placental barrier and stimulate 

fetal heart activity. 

➢ Amnionitis. Tachycardia can be the first sign of intrauterine infection development. 

➢ Medications. Parasympatholytics (atropine, phenothiazines, etc.) block the parasympathetic 

division of the ANS. β-adrenergic agonists (Partusisten, Gynipral) have a cardiostimulatory 

effect. 

Fetal bradycardia, defined as a heart rate of less than 110 bpm for more than 10 minutes, is caused 

by parasympathetic activation. 

The causes of bradycardia include: 

➢ Severe fetal hypoxia with hyperkalemia and acidosis, leading to myocardial dysfunction. 

➢ Congenital heart defects accompanied by conduction abnormalities. 

➢ Use of β-adrenergic blockers (propranolol, etc.). Parasympathetic activation is caused by these 

medications blocking epinephrine receptors in the myocardium. 

➢ Maternal hypotension due to compression of the inferior vena cava while lying on her back, 

indirectly leading to reduced fetal heart rate. 

➢ Severe maternal hypoglycemia, promoting hypoxemia. 

➢ Prolonged umbilical cord compression, activating parasympathetic influences. 

The baseline heart rate is further assessed by examining its variability. In a healthy pregnancy, as a 

result of the interaction between the parasympathetic and sympathetic divisions of the ANS and 

their regulatory influence on heart rate, the fetal heart does not beat rhythmically. The difference in 

the duration of consecutive cardiac intervals is, on average, 20-30 ms (or 2-3 bpm). As a result, fetal 

heart rate deviates from the baseline heart rate at any given moment. Variations in fetal heart rate 

from the average value, occurring from beat to beat, with specific direction and amplitude, are 

manifested on the CTG as oscillations of the heart rhythm. 

This phenomenon, which reflects the regulatory influence of the fetal ANS on heart rhythm, is 

referred to as baseline heart rate variability. Baseline variability is the most important 

characteristic of fetal condition and cardiovascular system reactivity. Its normal parameters indicate 

sufficient compensatory capabilities of the fetus. If consecutive cardiac intervals are the same and 
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the heart rhythm resembles that of a metronome, fetal nervous system damage due to damaging 

factors should be suspected [2; 4; 7]. 

In fetal pathology, there is often an intermittent type of baseline variability, characterized by periods 

with variability of less than 5 bpm. In 9-10% of recordings, there is a rhythm type that is difficult to 

interpret, characterized by erratic fluctuations in fetal heart rate [3]. 

One of the most important characteristics of CTG is slow transient fluctuations in fetal heart rate 

in the form of increases (accelerations) and decreases (decelerations). After acceleration or 

deceleration, heart rate returns to its original level. These slow fluctuations can be periodic, 

occurring in response to uterine contractions, or sporadic, resulting from external stimuli or fetal 

movements [3]. 

After 32 weeks, nearly all normally developing fetuses exhibit episodes of increased heart rate 

(accelerations) in response to movement. This phenomenon reflects fetal heart activity reactivity. 

Before 24 weeks, reactivity is weak, which indicates the immaturity of the fetal nervous system. 

Fetal central nervous system (CNS) maturity is achieved by the third trimester, around 31-32 weeks. 

Episodes of motor activity, accompanied by accelerations, last from 20 to 40 minutes, after which 

acceleration episodes typically cease. According to fetal electroencephalography, periods of non-

reactivity are associated with deep sleep [6; 7]. 

Result and Discussion 

The study of fetal rhythms has shown that they follow certain cycles. Maximum reactivity occurs in 

the late night hours. Additionally, there is a direct relationship between maternal and fetal heart 

rates. 

In modern obstetrics, remote cardiotocography (CTG) is used, a modern fetal monitoring method 

that allows transmission of fetal heart rate and uterine contraction data in real-time via the internet. 

This method is gaining popularity due to its numerous advantages, including remote monitoring for 

pregnant women, fewer medical visits, and increased convenience for patients. This literature 

review examines studies on the effectiveness of remote CTG in reducing perinatal complications. 

Historical Development and Principles of Remote CTG 

Remote CTG emerged as an evolution of traditional CTG, which was first introduced in the 1960s. 

The main idea is to use wireless technologies to transmit CTG data to servers, where they can be 

analyzed by medical specialists in real-time. This became possible with the development of the 

internet, mobile technologies, and cloud services. 

Advantages of Remote CTG 

Studies show that remote CTG offers several key advantages: 

➢ Accessibility: Pregnant women, especially those in remote areas, can receive quality medical 

supervision without visiting medical facilities. 

➢ Comfort: Patients can undergo monitoring at home, reducing stress and increasing satisfaction. 

➢ Early Detection of Complications: Remote CTG allows for timely detection of abnormalities 

in fetal condition, enabling immediate intervention. 

Effectiveness in Reducing Perinatal Complications 

A study conducted in the U.S. in 2018 showed that the use of remote CTG in high-risk pregnant 

women significantly reduced hospitalization and perinatal complications by 30% compared to 

traditional monitoring methods. 

Another study in Germany in 2020 showed that remote CTG reduced the risk of fetal hypoxia by 

25% due to timely interventions and improved fetal condition monitoring. 
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A study conducted in China and global statistics indicate that worldwide, there are over 3.8 million 

perinatal deaths, including 2 million stillbirths [1; 4]. More than 98% of stillbirths occur in 

developing countries, which is 10 times higher than in developed countries [1; 2]. In southern 

China, perinatal mortality was 13.5 per 1,000 births in 2019 due to the lack of continuous electronic 

fetal heart rate monitoring (FHR) [2; 5]. Monitoring FHR, the primary method of early detection of 

fetal abnormalities, provides the ability to intervene effectively to prevent neonatal morbidity and 

mortality [7]. Traditional FHR monitoring devices require pregnant women to visit the hospital, 

limiting their use to clinical settings. This traditional FHR monitoring model also limits routine 

monitoring to a single period and is restricted to examination couches. Women living far from 

hospitals find it difficult to visit 1 or 2 times a week, as recommended for high-risk pregnancies [3; 

4]. Although the distance to the hospital is generally short, travel time is often unpredictable. In 

general, the time between a pregnant woman's arrival at the hospital and the decision to perform 

surgery is more than 3 hours due to the unpredictability of travel time, especially when pregnancy is 

perceived as complicated. This barrier to accessing healthcare was emphasized in the context of the 

COVID-19 pandemic [4; 6]. 

Telemedicine, which involves the exchange of information between geographically remote clinical 

facilities via telecommunications, allows for remote medical care, especially in rural areas, thereby 

avoiding unnecessary visits to tertiary centers [6; 7]. Wireless remote FHR monitoring systems 

transmit fetal heart rate data to a central server via the internet or Bluetooth, enabling real-time 

assessment of fetal condition. Remote FHR monitoring has become a major trend. Pilot studies have 

shown that this remote FHR monitoring system is feasible and acceptable for both pregnant women 

and obstetric clinics in developed countries [6]. Today, wireless remote fetal monitoring systems, 

consisting of a wireless belt and acoustic sensor, are being promoted as home fetal monitoring for 

high-risk pregnant women, particularly for those who are unable to attend scheduled prenatal care 

appointments [7]. 

Remote fetal monitoring has become crucial in managing high-risk pregnancies to improve fetal 

well-being assessment [9; 10]. Porter P. et al. reported that the remote fetal monitoring system could 

reduce the number of pregnant women's visits. It was reported that wireless remote fetal monitoring 

provides satisfaction comparable to traditional perinatal care without increasing perinatal 

complications. Recently, wireless remote fetal monitoring has been recommended for pregnancy 

during the current COVID-19 pandemic [12]. It was found that electronic fetal monitoring increases 

the risk of cesarean section. However, compared to traditional FHR monitoring, it is debatable 

whether the wider use of remote fetal monitoring systems and differences in interpretation and 

intervention have led to an increase in cesarean section rates. 

The results showed that remote self-monitoring of FHR is quite acceptable for primigravida women. 

The hypothesis was that primigravida women may lack experience and experience feelings of "fear 

of the unknown" stemming from the traditional model of fetal monitoring. According to a study by 

Porter P. et al., primigravida women were at higher risk of developing anxiety and stress compared 

to multiparous women. Consequently, remote FHR monitoring, providing real-time fetal well-being 

assessment, can reduce fear in primigravida women. Remote self-monitoring of FHR is a home 

telemedicine device that increases pregnant women's satisfaction. For outpatient patients, remote 

self-monitoring of FHR led to greater freedom and satisfaction, particularly for high-risk pregnant 

women. This remote system allowed high-risk pregnant women to monitor fetal condition at home 

without frequent outpatient visits or hospitalization. Previous clinical trials [14; 15] showed that 

remote FHR monitoring successfully provided output data in 90% of cases for pregnant women at 

home after labor induction. Compared to multiple pregnancies, most primigravida pregnancies 

preferred remote FHR self-monitoring. Unsurprisingly, education and economic status were factors 

that influenced the use of remote FHR self-monitoring. Pregnant women who chose the traditional 
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FHR monitoring model were more likely to be multiparous and not receive public assistance. These 

results highlight the need for economic growth to popularize remote FHR self-monitoring among 

more populations in various healthcare settings. A cross-sectional observational study involved 55 

pregnant women and 7 midwives using remote FHR self-monitoring and found that wireless FHR 

monitoring plays a positive role in resource-limited settings [16]. Additionally, Schwartz N. et al. 

developed a remote maternal and fetal monitoring system for both high- and low-resource settings 

and demonstrated that this remote system is suitable for use and safe. However, this study included 

only wireless maternal monitoring and not fetal monitoring for low-resource settings (n=485) [11; 

16]. Implementing remote FHR self-monitoring in resource-limited settings remains a challenge. 

The strength of this study is the clinical benefit of remote FHR self-monitoring in preventing or 

mitigating adverse fetal outcomes in outpatient settings in a major urban tertiary medical center, 

which has not previously been published. Similar to the traditional FHR monitoring mode in the 

clinic, we found that remote FHR self-monitoring was comparable and did not increase the risk of 

adverse neonatal outcomes, regardless of whether pregnant women were at high or low risk [9; 12]. 

Notably, there is no established strategy for preventing fetal distress. To date, we have not proven 

that remote FHR self-monitoring helps prevent fetal distress. Further larger multicenter randomized 

trials are needed to determine whether remote FHR monitoring can improve neonatal outcomes and 

reduce healthcare costs for newborns. In addition, according to Smith S. et al., our results showed 

that cesarean section rates do not increase in pregnancies with remote FHR self-monitoring, which 

is encouraging since it can complement traditional prenatal care. Moreover, we evaluated potential 

factors influencing the use of remote FHR self-monitoring among pregnant women, which was not 

the focus of previous studies [14; 15; 17]. We found that parity, education level, household income, 

and health risk were associated with the use of remote FHR self-monitoring. 

According to Smith J. et al., modern remote CTG systems use cloud technologies and artificial 

intelligence for data analysis. For example, studies show that using machine learning algorithms to 

interpret CTG data can increase diagnostic accuracy and reduce false-positive and false-negative 

results [16]. 

A study conducted in the UK in 2019 found that the use of remote CTG reduces anxiety levels in 

pregnant women, as they feel more secure and confident due to continuous fetal monitoring [12; 

18]. 

Remote CTG and machine learning methods open up new possibilities for predicting perinatal 

complications. These technologies allow for more reliable encryption and timely fetal condition 

monitoring, ultimately reducing neonatal mortality and morbidity. 

Remote cardiotocography is a promising method for fetal monitoring that has the potential to 

significantly reduce perinatal complications. Current research confirms the effectiveness of this 

method, but further research is needed to overcome existing limitations and improve technologies. 

Conclusion 

The findings of this study underscore the effectiveness of remote fetal monitoring in predicting and 

preventing perinatal complications, particularly in high-risk pregnancies. By utilizing remote 

cardiotocography (CTG), healthcare providers can monitor fetal heart rate and uterine contractions 

in real time, allowing for early detection of fetal distress and timely medical interventions. The 

study highlights that remote CTG reduces hospitalization rates and improves perinatal outcomes, 

making it a viable alternative to traditional fetal monitoring, especially in resource-limited settings. 

Furthermore, the integration of artificial intelligence in data analysis enhances diagnostic accuracy 

and reduces false-positive results. These findings have significant implications for obstetric care, 

advocating for the widespread adoption of remote monitoring systems to improve maternal and 

neonatal health. However, further research is necessary to explore long-term outcomes, cost-
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effectiveness, and accessibility of remote fetal monitoring in diverse healthcare environments, 

ensuring its optimal implementation and efficacy. 

References 

1. Агабабян Л. Р., Ахмедова А. Т., Актамова Н. Прогнозирование и профилактика гнойно-

септических заболеваний у беременных с заболеваниями полости рта (обзор литературы) 

//ЖУРНАЛ РЕПРОДУКТИВНОГО ЗДОРОВЬЯ И УРО-НЕФРОЛОГИЧЕСКИХ 

ИССЛЕДОВАНИЙ. – 2022. – Т. 3. – №. 4. 

2. Агабабян Л. Р., Ахмедова А. Т. Возможности коррекции климактерических расстройств у 

женщин с противопоказанием к заместительной гормональной терапии //Проблемы 

репродукции. – 2017. – Т. 23. – №. 3. – С. 108-110. 

3. Агабабян Л. Р., Насирова З. А. Послеабортный уход-особенности контрацепции 

//Фундаментальные и прикладные исследования науки XXI века. Шаг в будущее. – 2017. 

– С. 48-50. 

4. Ахмедова А. Т., Шамсиддинова Д., Мирзаева Г. А. ХРОНИЧЕСКАЯ ГИПОХРОМНАЯ 

АНЕМИЯ ПРИ ПЕРВОЙ БЕРЕМЕННОСТИ-ОСОБЕННОСТИ ТЕЧЕНИЯ //Развитие и 

инновации в науке. – 2024. – Т. 3. – №. 10. – С. 72-75. 

5. Агабабян Л. Р., Гайибов С. С., Носирова З. А. Особенности течения медикаментозного 

прерывания беременности у женщин с рубцом на матке //International scientific review. – 

2017. – №. 2 (33). – С. 102-103. 

6. Агабабян Л. Р. и др. Особенности чистопрогестиновой контрацепции у женщин с 

преэклампсией/эклапмсией //Вопросы науки и образования. – 2019. – №. 26 (75). – С. 70-

76. 

7. Агабабян Л. Р. и др. Негормональная коррекция климактерических расстройств у женщин 

с эндометриозом //Вопросы науки и образования. – 2019. – №. 26 (75). – С. 77-84. 

8. Ахмедова А. Т., Камалов А. И., Хушбекова Д. ОСОБЕННОСТИ АНЕМИИ У 

БЕРЕМЕННЫХ ЖЕНЩИН //Miasto Przyszłości. – 2024. – Т. 53. – С. 369-373. 

9. Ахмедова А. Т. ОСОБЕННОСТИ ТЕЧЕНИЯ ПЕРВОЙ БЕРЕМЕННОСТИ 

КОМОРБИДНОЙ С ЖЕЛЕЗОДЕФИЦИТНОЙ АНЕМИЕЙ //International journal of 

scientific researchers (IJSR) INDEXING. – 2024. – Т. 5. – №. 2. – С. 846-850. 

10. Ахмедова А. Т. и др. ОСОБЕННОСТИ АНЕМИИ У ПЕРВОБЕРЕМЕННЫХ 

//CONFERENCE ON THE ROLE AND IMPORTANCE OF SCIENCE IN THE MODERN 

WORLD. – 2024. – Т. 1. – №. 1. – С. 156-158. 

11. Ахмедова А. Т., Муинова З. М. ПЕРВАЯ БЕРЕМЕННОСТЬ И СОМАТИЧЕСКАЯ 

КОМОРБИДНОСТЬ //Miasto Przyszłości. – 2024. – Т. 48. – С. 1744-1747. 

12. Насирова З. А., Агабабян Л. Р. Постплацентарное введение внутриматочных спиралей у 

женщин, родоразрешенных абдоминальным путем //Проблемы репродукции. – 2017. – Т. 

23. – №. 2. – С. 81-83. 

13. Насирова З. А., Агабабян Л. Р. Современные взгляды на эффективность и приемлемость 

различных методов контрацепции после кесарева сечения //Вестник науки и образования. 

– 2020. – №. 12-3 (90). – С. 103-109. 

14. Nasirova Z. A., Agababyan L. R. Reproductive behavior of women after cesarean section 

//International scientific review. – 2020. – №. LXX. – С. 88-92. 



 

203 | EXCELLENCIA: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF EDUCATION                           

https://multijournals.org/index.php/excellencia-imje 
 

15. Агабабян Л. Р., Насырова З. А., Орипова Д. Б. Дистанционное наблюдение за 

беременными в условиях пандемии COVID-19 //Медицинское образование сегодня. – 

2020. – Т. 3. – №. 11. – С. 115-25. 

16. Arabin B. et al. Prediction of fetal distress and adverse outcomes in post-term pregnancy using 

Doppler and fetal heart rate monitoring in combination with stress tests (II) // Fetal. Diagn. 

Ther. – 1994. – Vol. 9, №1. – P. 1-6. 

17. Georgieva A., Payne S.D., Molden M., Redman C.W.G. Artificial neural networks applied for 

fetal monitoring during labor // Neural Computing and Applications. – 2013. – Vol. 22, №1. – 

P. 85-93. 

18. Aires de Campos D., Bernardes J. Twenty-five years after the International Federation for Fetal 

Monitoring (FIGO) guidelines on the use of fetal monitoring: time for a simplified approach? // 

Int. J. Obst. Gynecol. – 2010. – Vol. 110, №1. – P. 1-6. 

19. Brambhatt D., Ross H., Moayedi Y. Application of Digital Technologies to Improve Health 

Care Response: Lessons Learned from COVID-19 // Canad. J. Cardiol. – 2022. – Vol. 38, №2. – 

P. 279-291. 

20. Brown A. et al. AI in Remote CTG Data Analysis // AI in Healthcare, 2019. 

21. Das M. et al. Clinical validation of a mobile cardiotocograph for intrapartum and antenatal 

monitoring compared with a standard cardiotocograph: an inter-rater agreement study // J. Fam. 

Reprod. Health. – 2019. – Vol. 13, №2. – P. 109-115. 

22. Gan Y., Zhu C., Zhou Y. et al. Clinical efficacy and acceptability of remote fetal heart rate self-

monitoring in Southern China // BMC Pregn. Childbirth. – 2023. – Vol. 23, №1. – P. 715. 

23. Goldenberg R. et al. COVID-19 antibody positivity over time and pregnancy outcomes in seven 

low- and middle-income countries: a prospective observational study from the global // 

Women's and Child. Health Res. Network. – 2023. – Vol. 130, №4. – P. 366-376. 

24. Johnson, L. et al. "Psychological Impact of Remote CTG," British Journal of Obstetrics, 2019. 

25. Muller H. et al. Effectiveness of Remote CTG Monitoring // German J. Obstet. – 2020. 

26. Pinas A., Chandraharan E. Continuous cardiotocography during labor: analysis, classification 

and management // Best Pract. Res. Clin. Obstet. Gynecol. – 2016. – Vol. 30. – P. 33-47. 

27. Porter P. et al. Accuracy, Clinical Utility, and Usability of a Wireless Self-Guided Fetal Heart 

Rate Monitor // Obstet. Gynecol. – 2021. – Vol. 137, №4. – P. 673-681. 

28. Reis de Carvalho S., Nogueira P., Aires de Campos D. Quality of fetal heart rate monitoring 

using transabdominal fetal ECG during maternal movement during labor: a prospective study // 

Acta Obstet. Gynecol. Scand. – 2022. – Vol. 101, №11. – P. 1269-1275. 

29. Schwartz N. et al. Innovative Monitoring of Uterine Contractions Enabling Remote Self-

Administered Nonstress Testing // Amer. J. Obstet. Gynecol. – 2022. – Vol. 226, №4. – P. e1-

554.e12. 

30. Smith S. et al. Fetal acoustic stimulation testing. II. Randomized clinical comparison with a 

non-stress test // Amer. J. Obstet. Gynecol. – 1986. – Vol. 155, №1. – P. 131-134. 

31. Smith J. et al. Remote Monitoring in High-Risk Pregnancies // J. Obstet. – 2018.  

 

 


