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ABSTRACT.- Quevedo D.A.C., Lourengo M.L.G., Bolafios C.D., Alfonso A., Ulian C.M.V. & Chiacchio
S.B.2019. Maternal, fetal and neonatal heart rate and heart rate variability in Holstein
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Zootecnia, Universidade Estadual Paulista “Julio de Mesquita Filho”, Distrito Rubido Jinior
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The aim of this study was to describe the normal values for maternal, fetal and neonatal
heart rate (HR) and heart rate variability (HRV) indexes in the time domain (standard
deviation of beat-to-beat interval - SDNN; root mean square of successive beat-to-beat
differences - RMSSD) and the frequency domain (low frequency - LF; high frequency - HF;
relationship between low and high frequency - LF/HF) in 23 Holstein cows, 23 fetuses and
18 neonates during the perinatal period. HR and HRV were calculated by fetomaternal
electrocardiography (ECG). Fetomaternal measurements were taken six times prepartum
(between days 234 and 279 of pregnancy) and measurements were taken in neonates six
times after calving (after birth and five times weekly). HR, time and frequency domain
were analyzed. No significant changes in maternal, fetal beat-to-beat interval (RR interval)
or HR were found. In maternal variables, SDNN decreased significantly from 38.08+2.6ms
(day 14 before calving) to 23.7+2.5ms (day 1 after calving) (p<0.05), but the RMSSD did
not change significantly. HR and RR interval of calf differed statistically from the day before
delivery (163+7.5bpm; 381+24.2ms) to the day after calving (131+5bpm; 472+16.2ms).
Time variables (SDNN and RMSSD) and the frequency-domain variables (LF and HF) were
significantly different (p<0.05) between fetal and neonatal stages. Reductions in the values
of SDNN and RMSSD can reflect a sympathetic dominance. After calving, the increase in HF
and decrease in LF variables can indicate activation of the vagal nerve followed by heart and
respiratory modulation.

INDEX TERMS: Maternal heart rate, fetal heart rate, neonatal, Holstein cattle, calf, electrocardiogram,
cattle, morphology.

RESUMO.- [Frequéncia cardiaca e variabilidade da  cardiaca (VFC) no dominio do tempo (desvio padrio do intervalo
frequéncia cardiaca materna, fetal e neonatal em bovinos batimento a batimento, SDNN; raiz quadrada média de sucessivas
da raca Holstein.] O objetivo deste estudo foi descrever os  diferencas de batimento a batimento, RMSSD) e do dominio da
valores normais para os indices de frequéncia cardiaca (FC)  frequéncia (baixa frequéncia, LF; alta frequéncia, HF; relacdao
materna, fetal e neonatal e de variabilidade da frequéncia  entre baixa e alta frequéncia, LF/HF) em 23 vacas Holandesas,
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significativamente de 38,08+2,6ms (dia 14 antes do parto)
para 23,7+2,5ms (dia 1 apds o parto) (p<0,05), mas o RMSSD
nao alterou significativamente. A FC e o intervalo e RR do
bezerro diferiram estatisticamente a partir de um dia antes
do parto (163+7,5bpm, 381+24,2ms) até o dia seguinte ao
parto (131+5bpm, 472+16,2ms). As variaveis de tempo (SDNN
e RMSSD) e as variaveis de dominio de frequéncia (LF e HF)
foram significativamente diferentes (p<0,05) entre os momentos
fetal e neonatal. As redugdes nos valores de SDNN e RMSSD
podem refletir dominio simpatico. Apos o parto, o aumento da
HF e a diminuicdo das variaveis LF podem indicar a ativagao
do nervo vagal seguido de modulacgdo cardiaca e respiratoria.

TERMOS DE INDEXACAO: Frequéncia cardiaca maternal, feto,
neonatal, bovinos da raga Holstein, bezerro, eletrocardiograma
materno-fetal, morfologia.

INTRODUCTION

Electrocardiography (ECG) has been proposed as a useful
noninvasive technique for assessing well-being of the bovine
fetus (Reefetal. 1996). Fetomaternal ECG allows continuous
analysis of fetal and maternal heart rate (HR) and heart rate
variability (HRV) which reflects sympathoadrenal activity
in the late stages of pregnancy in cows and newborn calves.
To improve perinatal care of cattle and reduce the mortality
of newborns, especially for animals with high genetic value,
ECG can be performed, and HR and HRV parameters can be
measured. To date, there have been few studies of HR and
HRV in cows and fetuses. Fetal heart rate (FHR) is the most
frequently reported parameter used to assess fetal well-being
in the final stages of pregnancy in humans, horses and sheep
(Kovacs et al. 2012, 20144a, 2014b).

Short-term fluctuations in HR are caused by modulation of
cardiac action via the autonomous nervous system (Moberg
2000). HR represents the net interactions between vagal
(which reduces HR) and sympathetic (which increases HR)
regulation (Kleiger et al. 1995). Arise in HR is mainly caused
by an increase in sympathetic activity, but it may also result
from a decrease in vagal regulation or from simultaneous
changes in both regulatory systems (Guyton & Hall 2000).
HRV analysis allows a much more accurate and detailed
determination of the functional regulatory characteristics of
the autonomic nervous system (ANS). HRV is a particularly
good indicator for the noninvasive assessment of ANS activity
in response to stress in farm animals (Von Borell et al. 2007).
In human fetuses, short-term variability can be useful as an
indirect indicator central nervous system function. Itis based
on the antagonistic oscillatory influences of the sympathetic
and parasympathetic nervous system on the sinoatrial node
(Van Leeuwen et al. 2007). HRV thus reflects the balance
of sympathetic and parasympathetic tone in humans
(Schneider et al. 2008). Reductions in the values of the HRV
variables, standard deviation of beat-to-beat interval (SDNN)
and root mean square of successive beat-to-beat differences
(RMSSD) reflect a shift toward more sympathetic dominance,
whereas increases indicate a shift toward parasympathetic
dominance (Levy & Martin 1978).

Power spectrum analysis has been employed to introduce
a quantitative evaluation of the autonomic nervous system in
the control of heart rate variability into clinical examinations
in human adults and neonates (Malik et al. 1996). Spectral

analysis of heart rate variability has potential as a noninvasive
means to assess fetal autonomic nerve system activity and
dynamic control in real time. Processes associated with
autonomic nerve disorder can be detected through HR or
blood pressure (Von Borell etal. 2007). The spectral analysis
technique may provide us with a tool for the early detection
of mutual imbalance between the two regulatory systems
(Abboud & Sadeh 1990). Low-frequency (LF nu) peaks in
the spectral analysis of fetal heartbeat rate variability are
associated with fetal sympathetic activity and partly with
parasympathetic activity (Akselrod et al. 1981)

Studies have demonstrated the usefulness of the low
frequency (LF)/high-frequency (HF) ratio of the power
spectrum as an indicator of sympathetic activity (Abboud
& Sadeh 1990, Akselrod et al. 1981) with an increase in the
LF/HF ratio being interpreted as a regulatory shift toward
sympathetic dominance. High vagal tone has been linked
to efficient autonomic regulatory activity, which enables
an organism to increase its sensitivity and response to
physiological and environmental challenges.

Interpretation of FHR is complicated due to the multiple
factors involved in its regulation: chemoreceptors, the
sympathetic and parasympathetic nervous system, and
fetal activity (Guyton & Hall 2000). FHR not only enables
verification of human fetal health and viability but also
provides information about the stage of development of the
autonomic nervous system (Camm etal. 1996). There is aneed
for clinical studies using fetal HRV measures under realistic
conditions, and itis important to describe the normal ranges
for such measurements. Thus, the aim of this study was to
describe the normal values for maternal, fetal and neonatal
HR and HRV indexes in the time domain (standard deviation
of beat-to-beat interval, SDNN; root mean square of successive
beat-to-beat differences, RMSSD) and the frequency domain
(low frequency, LF; high frequency, HF; relationship between
low and high frequency, LF/HF).

MATERIALS AND METHODS

Animals. The farmis located at an altitude of 804 meters above
sealevel, latitude 22°53’09” S and longitude 48°26’42” W. The region
has a humid subtropical climate. This project had the approval of
the Ethics Committee on Animal Use - CEUA (No. 89-2014), and
informed consent was given by the owner of the farm.

The 23 cows were selected from among the healthy, trouble-free
specimens in the dry period stage. The exact day of pregnancy was
calculated from reproductive records (artificial insemination or
natural service) with pregnancy confirmation. From the beginning
of the dry period, the animals were kept in a maternity paddock
where they received corn silage three times a day. All of the cows
were brought into an enclosed barn for sampling once a week.
Two weeks prior to the start of the trial, the cows were acclimated
to the facility and to the handling and electrocardiogram procedures.

Following birth, 17 clinically healthy and full-term-born Holstein
calves (9 males and 8 females), were monitored. Heifer calves
were removed from their mothers and transferred to individual
pens. They received colostrum for the first 2 days and were then
fed according to a regular schedule for rearing calves based on the
provision of whole milk (milk offered twice a day, and liters calculated
according to the weight of each animal), and gradual supplementation
with concentrates. Bull calves were removed from their mothers
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and housed together, and they were fed with the same quantity of
colostrum and ad libitum roughage (maize silage).

Experimental design. Fetomaternal ECG recordings were
made between days 234 and 279 of pregnancy. Six recordings were
conducted prepartum. Recordings were repeated at approximately
7-day intervals until 1 or 2 days before calving and one day after
delivery. On each day, recordings were made for 7-10min, starting
at 8 a.m. to 2 p.m. Neonatal recordings were made after birth and
five times weekly. In cows as well as in fetuses and neonates, HRV
was analyzed for a 5-min interval in the ECG recording. To remove
trend components, the data were detrended, and artifact correction
was performed using established procedures (Malik et al. 1996).

The electrocardiographic examinations were repeated at
predefined times. Fetomaternal ECG was performed at six time
points between day 35 and one or two days prepartum, resulting in
132 exams. Neonatal ECG was studied at six time points, from birth
to 35 days of age; there were 108 recordings in total.

Maternal, fetal and neonatal ECG. Fetomaternal and neonatal
ECG measurements were made with the Televet 100 recording system
(version 4.2.3; Kruuse, Marslev, Denmark). After the cow entered
the chute, 2 square inches of hair were shaved at the sites where
the pads were to be attached with self-adhesive pads.

For all measurements, the green electrode was attached to the
neck on the left side of the cow, 20cm cranial from the point of the
shoulder. The yellow electrode was placed in the flank region, above
the line from the hip joint to the shoulder, and the black electrode
was placed on the left croup. On the right side of the animal, the
red electrode was attached to the abdomen at the height of the
knee, along the line from the stifle joint to the point of the elbow.
The electrodes were connected to the Televet 100 recording device.
The Televet 100 sent the data via Bluetooth to a computer.

The Televet 100 uses a filter that can extract and amplify the
fetal ECG signal from the abdominal ECG signal of the mother.
The maternal signal represents a modified apex-base recording,
and the fetal signal depends on fetal position in the uterus, so it is
not a standardized recording.

For the neonates, the Televet 100 was fixed onto an elastic band
around the thorax, and the electrodes were attached to the coat with
self-adhesive pads. The red and black electrodes were placed on the
right side of the lower part of the thorax, and the green and yellow
electrodes were placed on the left side in the precordial region.

Heart rate variability analysis. Kubios HRV software (Biomedical
Signal Analysis Group, Department of Applied Physics, University
of Kuopio, Finland) was used for HRV analysis. In agreement with
generally accepted recommendations for HRV analysis in animals
(Tarvainen & Niskanen 2008) a 5-min time interval of each recording
was used to determine the HRV parameters. To remove trend
components, the data were detrended, and an artifact correction was
made. In the time domain, HR, beat-to-beat interval (RR), standard
deviation of beat-to-beat interval (SDNN), and square root of the
mean squared differences of successive RR intervals (RMSSD) were
assessed. SDNN was used to reflect all cyclic components of the
variability in recorded series of RR intervals. RMSSD was used as an
estimate of high-frequency variations in short-term RR recordings.
In the frequency domain (by fast Fourier transform analysis), the
normalized power of the LF nu and the high-frequency band (HF nu)
was calculated, as was the LF/HF quotient. LF Norm was used to
examine sympathetic modulations, while HF Norm was used to
evaluate parasympathetic modulations. LF/HF was used to assess
sympathovagal balance. The divergent respiratory frequencies in
calves and cows were taken into consideration by setting the limits

Pesq. Vet. Bras. 39(4):286-291, April 2019

of the HF band to 0.3 Hz (lower limit) and 0.8 Hz (upper limit) for
calves, 0.25 and 0.58 Hz for cows (Von Borell et al. 2007).

Statistical analysis. Kolmogorov-Smirnov tests were used to
assess normality of distribution for each variable. Normally distributed
data were evaluated with 1-way ANOVA for repeated measures to
analyze significant changes, and a post hoc Bonferroni test was
performed for each HRV index at all time points. In addition, a paired
t-test was used for the comparison of sampling stages with the first
time point. The data that did not pass the Kolmogorov-Smirnov
test were analyzed with nonparametric tests (Friedman analysis).
The results are presented as the mean+SEM. A p value <0.05 was
considered significant. The SPSS statistical package (SPSS 21 Inc.,
Chicago/IL, USA) was used for data analyses.

RESULTS

Table 1 shows the mean, standard error of the mean (+SEM)
and range of the fetal and neonatal HR and the time-domain
HRV indexes RR interval, SDNN, RMSSD at six time points
before calving and six time points after delivery.

The HRV time-domain indexes SDNN and RMSSD and
the frequency-domain variables LF nu and HF nu were
significantly different from the fetal to the neonatal stage.
FHR and RR intervals differed significantly from the neonatal
stage at day one before calving (161+7.1 beats/min 381+19.2ms)
and the day after calving (130+4.8 beats/min; 471+15.7ms)
(Table 1). The change from the last day of gestation to the
first day after calving was statistically significant (p<0.05).

There was a significant change in RMSSD from the fetal to
the neonatal stage, i.e., from the last day (day 1) before calving
(26.9£4.7ms) to one day after delivery (29.2+7.3ms; p<0.05)
(Fig.1). It was also observed a significant increase in the value
of SDNN, from the day one before calving (23.3+1.8ms) to the
last day of the study (47.1+9.8ms) (Table 1).

In the last month of gestation (days 244-279), the maternal
mean SDNN reached a statistically significant change days
28 and 1. It was also observed a significantly decreased in
maternal SDNN from 38.08+2.6ms (day 14 before calving)
to 23.7£2.5ms (day 1 after calving), whereas the variable
RMSSD decreased without a significant difference (Fig.1).

The maternal RR interval decreased from gestational day
244, with values of 849+105ms corresponding to an HR of
71+9bpm, to the lowest RR intervals, observed 1 day before
calving, with values of 781+149ms, corresponding to an HR
of 78+12bpm. Within 24 hours after delivery, the heart rate
increased to 80+10bpm. No significant changes in maternal
RR interval or HR were found.

Table 2 contains the fetal and neonatal values for the
frequency-domain components LF nu, HF nu and the ratio of
LF/HF. There was a significant change in LF before (41.1+9.6nu)
and after (87.0+2.5nu) calving and HF before (79.2+4.6nu)
and after (30.9+5.9nu) delivery (p<0.05). In the LF /HF ratio,
there was no significant change seen in the transition from
one stage to another.

Table 3 describes the results of recordings conducted at
six time points during the 35 days before calving and one
time pointin the first 24 hours after calving in Holstein cows.
The heart rate variability (HRV) indexes reported are in the
time (HR, RR, SDNN and RMSSD) and frequency domains
(LE HF and LF/HF).

In the maternal frequency-domain indexes, LF and HF
presented no statistically significant changes during the entire
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Fig.1. Maternal (M) and fetal (O) heart rate variability in the time domain: (A) root mean square of successive beat-to-beat differences
(RMSSD) and (B) standard deviation of the beat-to-beat interval (SDNN) at six time points from day 35 to 1 day before delivery (n=16
to 17 per time point).

Table 1. Mean+SEM and range of HRV indexes in the time domain during the perinatal period (n=16 to 18 per time point)

Day RR Interval (ms) Heart Rate (bpm) RMSSD (ms) SDNN (ms)
Mean+SEM Range Mean+SEM Range Mean+SEM Range Mean+SEM Range

Records -35  413%25.8%c 139 148+8.8bd 49 30.8+8.1% 44 35.1+4.2 23
before 28 417+21.8%c 160 147+8.1b 60 47.9%13.4 106 34.0£6.2% 52
calving 21 407£21.6% 137 15028.6b 53 40.2+10.7% 62 30.545.6® 36
-14  435%17.3:® 135 1395.8abcd 47 48.2+7.8" 67 35.043.3® 31
7 39447.6% 77 153429 30 37.0£6.1% 55 31.02.3® 24
-1 381£19.2¢ 264 161+7.1¢ 98 26.9+4.7% 56 23.3+1.8° 22
Records 471+15.7b 260 130+4.8% 74 18.4+6.4° 96 33.7+4.5% 79
after calving 7 441+14.9< 256 13925,0bcd 88 18.1%6.1° 85 32.7+4.6® 66
14 460+21.0% 357 13546.0% 109 21.4#4.5° 67 33.5£4.2 51
21 461#23.5b 279 136+6.5% 76 16.6%5.5° 88 37.947.5® 98
28 460£17.4b 221 134+5.4% 72 23.8+7.0° 85 35.46.1% 84
35  502£18.8¢ 246 123+5.2 65 28.4+9.8% 128 47.1+9.8b 125

abed Within each column, different superscripts denote significant differences (p<0.05); SEM = standard error of the mean, RR = beat-to-beat interval,
RMSSD = root mean square of successive beat-to-beat differences, SDNN = standard deviation of beat-to-beat interval, ms = milliseconds, bpm = beats
per minute. Bonferroni test.

Table 2. Mean+SEM and range of heart rate variability (HRV) indexes in the frequency domain during the perinatal period
(n=16 to 18 per time point)

Days LF (nu) HF (nu) LF/HF
Mean+SEM Range Mean+SEM Range Mean+SEM Range
Records before calving 35 65+16.40cde 50 42.6+24.2:¢ 75 3.5+1.1 7.5
28 74+10.5bde 83 51.4+12.2%¢ 71 2.8+0.8 6.2
21 54.3+5.8%¢ 34 69.6+9.5 61 0.8+0.2 1.4
14 44.6+6% 31 75.4+5.7 33 0.6+0.1 1
7 56.8+10.8%> 65 67.6+10.6a" 63 2.1x0.9 9.7
1 41.1+9.6 64 79.2+4.6¢ 34 0.9+0.1 2
Records after calving 87.0£2.5¢ 34 30.9+5.9* 77 6.0£1.6 25
7 83.3+3.84 53 29.4+6.0° 82 6.1+1.6 27.5
14 81.7+3.7bcde 44 35.6£5.2%® 69 4.1+1.2 20.8
21 89.9+2.7¢ 44 28.1+4.7° 57 6.0+1.4 20.1
28 82.1+4.4cd 70 36.9£6.5%® 90 5.3%1.5 17.7
35 80.5+4.4cd 46 37.5£6.7%® 85 3.7+1.2 17.5

abcd Within each line, different superscripts denote significant differences (p<0.05); SEM = standard error of the mean, LH = low frequency, HF = high
frequency, LF/HF = ratio of low frequency to high frequency, nu = normalized units. Bonferroni test.
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recording period before and after calving. Meanwhile, the
LF/HF ratio had a statistically significant change (p<0.05) on
day 14 (32.6£28.6) before calving and 24 hours after delivery
(10£14.3) (Table 3).

DISCUSSION

At day 35 before calving, the mean FHR was 148+8.8bpm, and
it exhibited a statistically significant increase to 161+7.1bpm
by day 1 after delivery. During fetal life, there is a common
increase in HR associated with the functional maturation of
the cardiac muscle (Territo & Altimiras 1998). After calving,
neonatal HR decreased significantly to 130+4.8bpm. After
birth, HR tends to decrease with age due to structural and
hemodynamic changes (Patteson 1996).

In the present study, the maternal HR increased from
71+8.9bpm to 80+3bpm and then decreased after delivery.
During pregnancy, blood volume, heart rate and systolic
volumen increase or increase the chronotropic overload to
maintain homeostasis (Tejera et al. 2012). Thus, to supply a
blood demand for the system, the autonomic nervous system
will raise the heart rate (HR). This ability to adapt to different
levels of stimuli is able to guarantee the safety of the autonomic
nervous system (Kamath et al. 2013). The changes in maternal
HR and RR interval during the days before delivery were not
statistically significant, indicating that these parameters do
not allow prediction of the delivery time.

In the fetal stage, recordings of RMSSD registered a
statistically significant decrease from day 14 before calving,
and SDNN decreased from day 35. Reductions in the values
of the HRV variables SDNN and RMSSD reflect a shift toward
greater sympathetic dominance (Aurich etal. 1993). Changes in
fetal HRV observed during the last month of gestation indicate
maturation of the ANS and its regulatory influence on HR.

After delivery, the neonates presented a declining trend
in RMSSD and an increasing trend in SDNN, both statistically
significant. These changes during the peripartum period

suggest that calving is stressful for the fetus. Based on the
amounts of catecholamines and endorphins released in calves,
birth has been characterized as the most stressful event in
their lifetime (Mohr et al. 2002).

Elevated HR values were observed in the first weeks of life
of the neonate, suggesting increased sympathoadrenal activity
in this period, presumably caused by increasing demands on
the cardiovascular system with adaptation to extrauterine
life (Nagel et al. 2012). Thus, sympathetic innervation could
have rapidly increased the heart rate of these animals through
the release of adrenal hormones, such as cortisol, through
sympathetic stimulation of adrenal cortex cells (UlrichLai &
Herman 2009). The neonate has low blood pressure, blood
volume and peripheral vascular resistance, so that, in order
to maintain an adequate perfusion, it maintains a higher
frequency and cardiac output, as well as central venous pressure
compared to adults (Magrini 1978, Adelman & Wright 1985).

In the fetal-stage recordings, an increase of LF normalized
units and a decreased in HF normalized units until birth were
registered, indicating sympathetic predominance during the
active state in fetuses near full term. On the day before delivery,
LF normalized units rose while HF normalized units declined,
indicating modulation of heart rate and ventilation by the
vagal nerve (Malik et al. 1996). In the neonatal stage, the low
frequency in normalized units (LF nu) and high frequency in
normalized units (HF nu) showed a stable behavior.

Weeks before calving, the RR interval dropped, corresponding
to an increase in HR, in cows. The cardiovascular system of
cows in advanced pregnancy thus adapts to the increasing
demands of gestation with a rise in HR. Physiological HR in
healthy, late-pregnant cows may therefore be slightly higher.
The HRV time-domain index SDNN and frequency-domain
index LF/HF ratio recorded a statistically significant decrease
between day 1 before and day 1 after calving. The decline
in the sympathovagal balance (LF/HF ratio) implies a
dominance of cardiac sympathetic tone, which was also

Table 3. Mean+SEM heart rate variability (HRV) indexes in the time (HR, RR, SDNN and RMSSD) and frequency domains
(LF, HF and LF/HF) during the last month of gestation and the first day after calving in Holstein cows (n=18 to 22 per time point)

Before calving After calving

Days
35 28 14 7 1 1
LH/HF Mean+SEM 13.8+6.4 19.7+5% 21.7+4.8% 32.6+4.5° 17.2+4.2 15.6+4.1*° 10.04+4.32
Range 28.8 44.8 60.5 106.5 62.4 67.6 61.4
RR Mean+SEM 849+37 77625 783£29 802+26 790+18 781£33 749£21
Range 347 312 324 409 259 519 321
SDNN Mean+SEM 30.7£3.7% 25.3%x2.9° 34+2.8® 38+2.6° 30.7£3.7% 28.8+2.7% 23.7+2.5
Range 26.9 16.9 31.8 42.4 40.2 50.4 27.1
HR Mean+SEM 71+3 78+3 77%3 76%2 76%2 80+3 79%3
Range 30 32 38 25 45 36
RMSSD Mean+SEM 12.4+1.7 10.9+1 12.1+1.4 11.4+1.1 11.7+1.3 10.2+1.6 13.9%1
Range 13.1 11.3 17.1 17.2 23.3 24 28.7
LF Mean+SEM 92.1+2.7 91.3+2.4 91.6+2.2 91.5+2.5 87.9+3.7 85.2+2.7 79.9£3.5
Range 23.5 317 30.4 38.5 55.2 39.7 41.5
HF Mean+SEM 9.3%x2.9 8.3+¥2.3 8+2.1 8.2+2.5 14.6+3.7 16.9+4.5 19.8+3.5
Range 219 30.7 29.4 38.5 54.6 89.1 41.5

»b Within each line, different superscripts denote significant differences (p<0.05); SEM = standard error of the mean, RR = beat-to-beat interval,
RMSSD = root mean square of successive beat-to-beat differences, SDNN = standard deviation of beat-to-beat interval, ms = milliseconds, BPM = beats
per minute, LH = low frequency, HF = high frequency, LF/HF = ratio of low frequency to high frequency, nu = normalized units. Bonferroni test.
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observed in lactating dairy cows by Kovacs et al. 2014b.
Changes in HRV with a declining trend in the last day might
be associated with stressful situations (Schmidt et al. 2010).
This study demonstrates that cows give birth under reduced
parasympathetic tone.

CONCLUSIONS

Frequency heart rate (FHR) monitoring not only makes
it possible to assess fetal health and viability but also can
suggest information about the stage of development of the
ANS. Reductions in the values of SDNN and RMSSD can reflect
a shift toward greater sympathetic dominance.

After calving, the increase in HF and decrease in LF variables
can indicate activation of the vagal nerve followed by heart
and respiratory modulation.
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