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A B S T R A C T
Background: Fetal heart rate (FHR) is commonly used to assess fetal well-being.

Aims: The aim was to establish normal ranges of FHR during pregnancy by umbilical artery (UMB-A) 
Doppler analysis in a healthy Polish population. 

Methods: The study was conducted in a tertiary center for fetal cardiology. Data on gestational age 
(GA), FHR measured on UMB-A, cardiac problems, and extracardiac problems were collected. All 
fetuses underwent echocardiographic examination. The inclusion criteria comprised normal fetal 
biometry and biophysical profile, labels of “normal heart anatomy and normal heart function”, “no 
extracardiac malformations”, and no “extracardiac anomalies”.

Results: Based on the data from 258 healthy fetuses, a scatter graph with regression line giv-
ing a prognosis of normal values for FHR during pregnancy was prepared (95% confidence 
interval). The regression equation for FHR, as function of GA in weeks, was found to be: FHR 
(beats/minute) = 149 – GA according to biometry (weeks) × 0.22; (r = –0.1032; P = 0.098); FHR (beats/ 
/minute) = 148 – GA according to the last menstrual period (weeks) × 0.16; (r = –0.0722; P = 0.253). 
The 5th, 50th, 95th percentiles, mean and standard deviation of FHR between weeks 18 and 29 of 
gestation were calculated. 

Conclusions: We present the normal ranges for FHR measured on UMB-A for weeks 18 to 29 of 
gestation in healthy fetuses with normal heart function and anatomy. The obtained values may be 
of value to departments of obstetrics and should be considered important elements of the basic 
fetal ultrasound report.
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INTRODUCTION
The heart is the first organ of the human body 
to develop in fetal life and its contractions are 
the first markers of live pregnancy [1]. As such, 
fetal heart rate (FHR) is commonly used to 
assess fetal well-being at the earliest stages of 
fetal life to the late third trimester of pregnan-
cy. Despite its long history, FHR remains one 
of the most important parameters obtained 
during a prenatal ultrasound examination. 
However, there is still no consensus as to what 
constitutes a normal FHR.

Current guidelines suggest normal FHR  
ranges of 110 to 150 bpm or 110 to 160 bpm 
[2]; however, these values vary depending on 
various factors, such as the stage of pregnan-
cy, maternal health, and uterus conditions 
[3]. No recent studies have examined normal 
FHR assessment by ultrasound, especially 
in Poland; therefore, as normal ranges may 
depend on ethnicity or region of living [4] 
and considering the rapid changes in Poland 
over the past couple of decades, there is 
arguably a need to revise these FHR ranges 
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W H A T ’ S  N E W ?
Fetal heart rate (FHR) is commonly used to assess fetal well-being. However, no normal ranges of FHR have been published for 
the Polish population, even though Poland has undergone considerable environmental and structural changes. We present the 
normal ranges for FHR measured on the umbilical artery in healthy fetuses with normal heart function and anatomy between 
weeks 18 and 29 of gestation. To identify healthy fetuses, obstetrical ultrasound examination was supplemented with fetal 
echocardiography. The obtained nomograms can be used by prenatal and obstetrical departments in Poland to improve FHR 
assessment and should be considered an important element of a basic fetal ultrasound report.

and establish nomograms, especially for the healthy 
population. 

Various methods are used for FHR assessment; however, 
the standard approach is based on measuring the blood 
flow in the umbilical cord by Doppler ultrasound [5, 6]. 
Therefore, this study aimed to establish normal ranges of 
FHR values for healthy fetuses in Poland during gestation, 
as determined by ultrasound.

METHODS
Prenatal ultrasound and echocardiographic examinations 
were performed on singleton fetuses in a single tertiary 
fetal cardiology center. Examinations were performed 
by specialists in fetal medicine using GE Voluson E8, GE 
Voluson 10 (GE Healthcare, Chicago, IL, USA), and Philips 
iU22 (Philips, Amsterdam, Netherlands) ultrasound equip-
ment. Gestational age (GA) was calculated based on the last 
menstrual period (LMP) and fetal biometry. 

All patients gave their permission for their data to be 
used for scientific analyses. As the present study focused 
on the interpretation of previously collected data, rather 
than performing ultrasound — echocardiographic exami-
nations, no additional approval was required from the local 
Ethical Committee. 

Estimation of normal FHR values
Data on gestational age at examination, FHR, cardiac 
problems, and extracardiac problems were collected and 
stored in the records at the clinic. FHR values measured 
on the umbilical artery (UMB-A) were calculated based on 
automatic presets on the ultrasound machines. The steps 
were as follows: (1) umbilical cord was first demonstrated; 
(2) to obtain the proper plane for measurement, a part 
of UMB-A parallel to the Doppler gate was selected; (3) 
the transducer was positioned to obtain the best angle 
between the Doppler gate and the blood flow through 
UMB-A. Three sets of measurements were made, and the 
values were averaged and recorded. Every fetus underwent 
an umbilical blood flow assessment with color Doppler, FHR 
measurement, and pulsatility index calculation. All fetuses 
underwent at least one echocardiographic examination. 

The inclusion criteria comprised normal fetal biometry 
and biophysical profile, and the labeled “normal heart 
anatomy and normal heart function” in the database, 

i.e. without “extracardiac malformations” or “extracardi-
ac anomalies”. Cases with maternal diabetes, maternal 
Hashimoto, maternal heart problems, maternal hyper-
tension, functional anomalies, oligo- or polyhydramnios, 
and a two-vessel cord or any other fetal abnormality were 
excluded, as well as premature deliveries. Cases with 
information about maternal drug use, which could have 
influenced FHR, were excluded. Only completed records 
with information about delivery and newborn conditions 
were included in the search (labeled in our database as 
“birth at term”).

Statistical analysis
All statistical analyses were performed using Statistica 
13.1 software. Results are expressed as mean (standard 
deviation [SD]), median (interquartile range [IQR]), or 95% 
confidence interval (CI) as appropriate. The normality of 
distribution was tested using Shapiro-Wilk and Kolmog-
orov-Smirnov tests (the tests confirmed normality of 
distribution of FHR with gestation P >0.05). The associa-
tion between dependent and independent variables was 
evaluated by Pearson correlation and linear regression. 
A P-value <0.05 was considered statistically significant. 
Based on the best-fit equation and the predicted standard 
deviation, predictive values for 5th, 50th, and 95th percentile 
ranges of FHR were constructed. 

RESULTS
The age of the studied fetuses ranged from min. 18 + 2 to 
max. 29 + 5 (weeks of gestation + days), according to fetal 
biometry, and from min. 18 + 2 to max. 28 + 5 (weeks of 
gestation + days), according to LMP, in singleton pregnan-
cies. Out of a total of 763 cases studied between 2016 and 
2020, 505 were excluded due to a lack of delivery data 
or FHR information. Therefore, 258 healthy fetuses were 
included in the study group.

A scatter graph with regression line giving a prognosis 
of normal values for FHR during pregnancy was prepared 
(95% CI) (Figures 1 and 2). The regression equation for FHR 
as a function of GA in weeks was:
•	 FHR (bpm) = 149 – GA according to biometry 

(weeks) × 0.22; (r = –0.1032; P = 0.098);
•	 FHR (bpm) = 148 – GA according to LMP (weeks) × 0.16; 

(r = –0.0722; P = 0.253).
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Figure 1. Scatter graph of fetal heart rate (FHR) by gestational age (GA) (biometry). The three lines represent the predicted value of mean and 
95% confidence intervals 

Figure 2. Scatter graph of fetal heart rate (FHR) by gestational age (GA). The three lines represent the predicted value of mean and 95% 
confidence intervals

Abbreviations: LMP, last menstrual period

Linear regression demonstrated no statistically signif-
icant correlation between FHR and GA. 

The 5th, 50th, 95th percentiles of FHR between weeks 
18 and 28 (for GA according to LMP) or 29 (for GA according 
to biometry) of gestation were calculated. The percentiles 
of FHR with mean and standard deviation are given in 
Tables 1 and 2. 

DISCUSSION
The present study examined FHR values previously ob-
tained by ultrasound measurements of the blood flow 
in the UMB-A, one of the easiest prenatal assessments to 
perform [7, 8]. The ultrasound beam penetrates tissues and 
is reflected whenever it encounters a change in acoustic 
impedance [9]. When reflected from a moving object, the 
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wave changes its frequency, the Doppler effect, which can 
be analyzed by the ultrasound apparatus to determine the 
speed of the object. The procedure is perfectly safe for both 
the mother and the fetus. Previous studies about the use 
of Doppler ultrasound [10] found it to be of great value in 
FHR monitoring, even in the 21st century. 

The FHR varies depending on the stage of pregnancy. 
It increases from about 100 bpm in week 5 to 170 bpm in 
week 10. The rate is usually around 140–150 bpm in the 
second trimester and 120–160 bpm in the third trimester 
[11, 12]. The current international guidelines of the Fédéra-
tion Internationale de Gynécologie et d’Obstétrique (FIGO) 
recommend a normal reference from 110 to 150 bpm; how-
ever, this value was based on the consensus from a confer-
ence in 1985 [13]. The previous consensus recommended 
a range of 120 to 160 bpm; this was revised on the basis of 
abnormal findings associated with 24% of scalp blood low 
analyses when FHR was higher than 160 bpm [14]. 

Although wider FHR ranges of 110 to 150 bpm can be 
used by obstetricians during standard obstetrical ultra-
sound examination, more precise normal ranges related 
to the course of pregnancy may help to distinguish subtle 
abnormalities which may influence postnatal life. For ex-
ample, Cuneo et al. have shown that repeated measures of 
FHR <3rd percentile for gestational age or 2:1 AV conduction 
and/or ventricular tachycardia, diagnosed by fetal echocar-

diography, were associated with long QT syndrome [15]. 
Even though Cuneo and her team worked with magneto-
cardiography, we believe that our nomograms should be 
used not only in research but in clinical practice as well [16].

Our results indicate that the mean value of the FHR 
between 18–29 weeks is 140–145 bpm, located in the 50th 
percentile. 

Our tables present data from 18 to 29 weeks of preg-
nancy, according to fetal biometry, and 18–28 weeks of 
pregnancy, according to LMP. The results indicate that 
FHR varies according to GA: the lowest levels were noticed 
on week 23 and the highest values in week 20 (Figure 1). 
The highest observed value was 172 bpm, with a range of 
30 bpm; however, this was only a temporary phenomenon 
related to fetal movements and otherwise, no abnormality 
was observed. This underlines the importance of relating 
the FHR with the clinical status of the fetus.

The considerable variation observed in FHR may be 
related to the development of the fetal heart. Its regulation 
depends inter alia on the function of autonomic cardiac 
nerves and neurotransmitters. Although the anatomical 
pathways appear early, the sympathetic and parasympa-
thetic elements develop their functionality independently, 
with the sympathetic nervous system being formed in the 
first weeks of pregnancy and the parasympathetic nervous 
system being established later [17–19]. This difference in 

Table 1. Fetal heart rate according to fetal biometry during gestation

GA, week Number of cases Mean (SD) 5th percentile 50th percentile 95th percentile

18 13 147 (6) 138 148 158

19 20 143 (9) 127 144 159

20 27 146 (9) 135 145 160

21 28 146 (6) 140 147 153

22 22 145 (8) 136 146 158

23 19 142 (7) 121 141 158

24 20 141 (5) 134 140 151

25 29 146 (7) 135 146 160

26 23 142 (7) 134 140 152

27 25 143 (5) 138 143 154

28 17 145 (5) 138 145 158

29 15 143 (8) 120 144 155

Abbreviations: GA, gestational age; SD, standard deviation

Table 2. Fetal heart rate according to last menstrual period (LMP) during gestation

GA, week Number of cases Mean (SD) 5th percentile 50th percentile 95th percentile

18 15 144 (9) 123 142 158

19 23 145 (6) 140 144 154

20 21 149 (9) 136 148 164

21 34 144 (6) 135 145 156

22 18 144 (8) 122 145 158

23 20 143 (9) 129 141 159

24 16 142 (5) 135 141 149

25 23 144 (6) 138 140 153

26 29 143 (6) 135 140 150

27 28 145 (6) 134 145 154

28 25 145 (5) 139 146 155

Abbreviations: see Table 1
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the pace of development could be the reason why lower 
FHR was noticed at the 25th week of gestation, characterized 
by a more significant vagal tone, than in the 18th week of 
gestation, with a more sympathetic tone [20]. Similarly, No-
mura et al. [12] also report significant discrepancies in FHR 
between the second and third trimesters and propose that 
FHR analysis may clarify the effect of autonomic nervous 
system maturation on FHR regulation. 

However, the present study does not examine the in-
fluences on FHR during pregnancy. It has previously been 
reported that the cardiac and motor development of the 
fetus were altered in overweight and obese mothers and 
that these effects became greater as the pregnancy pro-
gresses [20]. However, by 36 weeks, the fetuses of obese 
women showed decreased FHR variability and fewer 
accelerations [21, 22]. Although maternal weight before 
pregnancy could have influenced our results, this was not 
included in the data set; nevertheless, our findings repre-
sent the most recent and precise FHR nomograms for the 
fetal population in Poland.

Although all of the 763 cases examined in the center 
during the sampled period had received an umbilical 
Doppler blood flow assessment for FHR measurement and 
a pulsatility index assessment (reflecting placental resist-
ance), the records only included FHR values for 258 fetuses 
(34%). This may reflect the educational importance of our 
research in the future and the need to pay more attention 
to the value of exact FHR during gestation. FHR meas-
urement is important for preparing an accurate prenatal 
medical ultrasound report. Although our fetal cardiology 
referral center deals with various types of fetal arrhythmia 
and their pharmacological treatment, FHR measurement 
was absent from more than 50% of cases present in the 
database [23–25]. Our findings demonstrate the need to 
improve this approach; for example, patients with FHR just 
below the bottom 5th percentile should be candidates for 
further cardiological work-up, e.g electrocardiogram with 
the QTc evaluation.

Our research presents the normal ranges for FHR meas-
ured on UMB-A by ultrasound between weeks 18 and 29 of 
gestation in healthy fetuses with normal heart function and 
anatomy. These nomograms may be valuable for precise 
FHR assessment by prenatal and obstetrical departments in 
Poland and should be considered as an important element 
of a basic fetal ultrasound report.
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