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Abstract
Background and Aim: The mortality rate of perinatal calves is high, particularly in dystocia cases. Besides detectable 
conditions such as trauma or amniotic fluid aspiration, the potential salience of cardiological diseases in neonatal bovine 
deaths has received little attention. This study aimed to compare the electrocardiographic parameters of calves born under 
conditions of dystocia and eutocia.

Materials and Methods: Electrocardiographic, clinical, and laboratory diagnostic examinations were performed during the 
first 5 days of life on 40 calves. Of them, 20 calves were born under conditions of dystocia and 20 of eutocia.

Results: Electrocardiograms (ECGs) did not show detectable arrhythmias in all calves. Both groups exhibited tachycardia 
on their first ECGs. The QT and ST interval durations developed differently over time in both groups, suggesting that these 
may be related to conditions of birth.

Conclusion: The electrocardiographic differences between calves born of dystocia and eutocia could be a factor in the 
increased mortality rate of calves born of dystocia.
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Introduction

The perinatal period is crucial in the survival of 
calves [1]. As approximately 90% of calves that die 
perinatally are still alive at the beginning of calving, 
birth management is essential [1]. Perinatal mortality 
in dairy farms is 8.5% in the Netherlands and 2.0% 
in Norway [2, 3], while in suckler farms, 5.1% in the 
United  Kingdom [4]. Calf mortality within the first 
24 h of life on German dairy farms (Holstein Friesian 
and Black Pied Dairy Cow) is 9.3% compared to other 
countries [5]. Dystocia has been significantly associ-
ated with increased perinatal mortality (p < 0.001). 
A  Swedish study examined calves that died perina-
tally: Half of them were born of dystocia, while 5% 
died from congenital defects, and one-third of the 
calves died without any apparent disease [6]. The 
causes of increased mortality in calves after dysto-
cia include trauma (fractures and internal bleeding), 
anoxia (pulmonary atelectasis, meconium aspiration, 
and collapsed trachea), infections, and surfactant defi-
ciency [1, 4]. However, some deaths have unexplained 
causes.

In bovine neonates, electrocardiograms (ECGs) 
have been used to compare the cardiac performance of 
different breeds of cattle [7] and to study the effects of 
different drugs on cardiac activity [8, 9]. Among the 
primary causes of death are arrhythmias due to elec-
trolyte imbalances based on the electrical excitation 
of the myocardium of calves suffering from neonatal 
diarrhea [10]. The ECGs are more commonly used in 
calves to diagnose viral myocarditis and to monitor 
and treat resulting arrhythmias [11, 12]. The ECG also 
plays an increasingly important role in further diag-
nostics [13].

An ECG can be performed on a long-term 
or short-term basis, depending on the presenting 
issue [14, 15]. For the latter, smartphone-compatible 
software can be compatible to the standard ECG, thus 
allowing its use in the field [16].

This study aimed to investigate whether electro-
cardiographic parameters differ in calves born under 
conditions of dystocia and eutocia using an ambula-
tory ECG to improve postnatal health monitoring and, 
if necessary, treatment.
Materials and Methods
Ethical approval and informed consent

Examinations and treatments were performed 
according to the standard therapeutic measures with-
out any unnecessary harm to the animals. A signed 
consent was obtained from each patient’s owner 
before the study.
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Study period and location
The study was conducted from February 2014 

to May 2015 in the Clinic for Veterinary Obstetrics, 
Gynecology and Andrology for Large and Small 
Animals in Gießen and surrounding cattle farms in the 
Hessen region (central Germany).
Technical equipment

The electrocardiographic measurements were 
assessed using the battery-powered, telemetrically 
operating Televet 100 device (Engel Engineering 
Service GmbH, Heusenstamm, Germany), patient 
cables, and self-adhesive disposable electrodes 
(SilverTRACE® ECG Electrodes Soft P55MO, 
Leonard Lang GmbH, Innsbruck, Austria) (Figure-1). 
Data were transmitted telemetrically through Bluetooth 
to a tablet equipped with Televet 100 software, ver-
sion 4.1.3 (Engel Engineering Service GmbH).
Blood sample collection and laboratory diagnostic 
determination

Blood samples were collected from the jugular 
vein within 24  h postpartum. Hematocrit, pH, base 
excess, and concentrations of sodium, potassium, 
ionized calcium, glucose, and lactate were measured 
using a blood gas analyzer (ABL 800 Basic Analyzer, 
Radiometer, Copenhagen, Denmark) (Table-1). In 
Group 1, the collection of a venous blood sample fol-
lowed the clinical and electrocardiographic examina-
tion. In Group 2, venous blood sampling was delayed 
by initial postnatal resuscitation measures.
Calf grouping

A total of 40 calves were included and divided into 
two groups of 20. Grouping was not based on criteria 
of sex, breed, housing type, or feeding management.

Group  1 comprised calves not older than 24  h 
and were born spontaneously or easily by obstetric 
care. The inclusion criteria for this group were that 
calves must have been carried to term and had no 

abnormalities in the clinical examination on the 1st day 
of life. Calves placed in this group had ECGs taken for 
5 consecutive days.

Group  2 comprised calves delivered (either by 
cesarean section or a difficult extraction) by cows 
presenting with dystocia at the Clinic for Obstetrics, 
Gynecology, and Andrology of Large and Small 
Animals with Ambulatory Service of the Justus-
Liebig-University in Gießen. The inclusion criteria 
included being carried to term, the absence of disease 
in the calves during the study period, and at least two 
consecutive ECGs.
Investigations

All calves underwent general clinical and seg-
mental examinations within 24 h postpartum, before 
ECG examination for group classification. During the 
following 4 days, ECG examinations were performed 
before clinical examinations to control any potential 
influence of the ECG. For the ECG examination, an 
elastic belt with the Televet 100 device was attached 
and fastened around the circumference of the thorax, 
directly behind the shoulder limbs. Lead II, a base 
apex lead, was used for evaluation. Each measure-
ment lasted 15 min. The electrodes were left on the 
calf’s body over the 5-day assessment to prevent devi-
ations in the ECG caused by alterations in electrode 
placement. A heart rate of 120–150 beats per minute 
was the reference value for a neonate’s heart rate [17].

Group  1: In the healthy calves, the first ECG 
was recorded as soon as possible after birth, followed 
by the collection of a venous blood sample. Further 
measurements were taken during the next 4  days at 
24 h intervals to avoid ECG deviations due to diurnal 
variation. To prevent stress-related ECG artifacts, the 
animals were left in their usual environment without 
restraints, and no measurements were taken directly 
before or during feeding.

Group  2: In the dystocia group, all measures 
necessary for resuscitation (suction of amniotic fluid 
from the mouth and nose, stimulation of circulation 
by massaging the thorax, injection with doxapram if 
spontaneous respiration failed, umbilical care, and/or 
administration of oxygen) and first aid were taken 
immediately after birth. The first ECG was recorded 
and a venous blood sample was taken only when calves 
were no longer in a life-threatening situation and a seg-
mental clinical examination had been performed. The 
subsequent measurements took place on the following 
4 days at intervals of 24 h. As the calves were healthy 
and did not require further treatment in the clinic, eight 
calves in this group were discharged before the 5th day 
postpartum. Therefore, all calves with at least two 
ECG measurements remained in the group.
Statistical analysis

Statistical analyses were conducted using the 
statistical program package BMDP/Dynamic, Release 
8.1 (Statistical Solutions Ltd.; Ireland). When ana-
lyzing group comparisons, a distinction was made 

Figure-1: Healthy Holstein Friesian calf during the 
recording of the electrocardiogram.
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between measures that were collected only once 
versus process data. Singular measures included the 
comparison of laboratory diagnostic values, as these 
were determined only on the 1st  day of life in both 
groups. Between-group analysis was conducted using 
the Wilcoxon-Mann-Whitney test. Furthermore, cor-
relation analyses were carried out on laboratory diag-
nostic parameters, vital signs, and the electrocardio-
graphic measurements of the 1st day of life.

Follow-up data included ECG parameters (P wave 
duration, QRS complex duration, T wave duration, PQ 
interval duration, QT interval duration, and ST interval 
duration) as well as vital signs (heart rate, respiratory 
rate, and body temperature). A  two-factor, repeated 
measures analysis of variance was conducted, with the 
help of the Wald test for missing values. Significant 
changes in variables in relation to time, group mem-
bership, and their interactions were examined.
Results

A total of 191 ECGs from 40 neonatal calves 
were available for evaluation. Eight calves belonging 
to the dystocia group were discharged after the second 
ECG was taken.

Group  1: All neonates born spontaneously or 
with the help of basic obstetric care were deemed 
healthy (Table-2). The laboratory diagnostic results 
are summarized in Table-1. Values for the duration 
of P waves, QRS complexes, T waves, PQ intervals, 
QT intervals, and ST intervals are shown in Table-3. 
All calves in Group 1 demonstrated steady and regu-
lar cardiac action in all ECGs. Five calves exhibited 
tachycardia in the first measurement (162–194 beats 
per minute). No arrhythmias occurred.

Group 2: Of the 20 neonates from the dystocia 
group, nine exhibited stable vital signs immediately 
after birth, while the remaining 11 demonstrated 
depressed vital signs, which primarily manifested as 
respiratory disturbances. Data pertaining to vital signs, 
laboratory diagnostic measurements, and results of the 
ECGs of the calves from complicated births are shown 
in Tables-1–3. Nine calves exhibited tachycardia at 
the first measurement (163–200 beats per minute). All 
calves in this group demonstrated even and regular 
heart activity in all ECGs and did not display arrhyth-
mias. Over the entire duration of the study, there was a 

tendency for all ECG measurements (in milliseconds) 
to lengthen from the 1st to the 5th day of life (Table-3).

There were significant between-groups differ-
ences in the laboratory diagnostic values for pH and 
base excess. Calves born of dystocia had signifi-
cantly lower pH values (p < 0.005) and significantly 
higher ionized calcium and lactate concentrations 
(p < 0.0004) in their blood (Table-1).

The two-factor analysis of variance demonstrated 
a significant change in all ECG measures over time 
(p < 0.0001; Table-4). All ECG parameters, except ST 
interval duration, were significantly different between 
groups (p < 0.01). Significant interactions (p < 0.05) 
between group and time were only present for QT 
interval duration and ST interval duration. Correlation 
analyses were performed to investigate possible cor-
relations between laboratory diagnostic values and 
ECG parameters or vital signs. These analyses were 
carried out per group, as the laboratory diagnostic mea-
surements and ECG and vital signs measures differed 
significantly between the groups. In the correlation 
analysis of calves from spontaneous deliveries (Table-
5), there was a significant difference between P wave 
duration and pH, P wave duration and heart rate, QT 
interval duration and heart rate, ST interval duration 
and heart rate, and for T wave duration and internal 
body temperature (p ≤ 0.05). The heart rate was pos-
itively correlated to P wave duration, while the other 
measures were negatively correlated with each other. 
The strongest linear correlation (r = −0.75) was found 
between heart rate and ST interval duration. Correlation 
analyses of calves born of dystocia (Table-6) showed a 
significant difference between QT interval duration and 
potassium concentration, QT interval duration and lac-
tate concentration, heart rate and QT interval duration, 
heart rate and ST interval duration, and respiratory rate 
and QT interval duration (p ≤ 0.05). A positive relation-
ship was found between potassium concentration and 
QT interval duration, while the remaining variables 
demonstrated inverse relationships with each other. The 
strongest correlation was found between heart rate and 
QT interval duration (r = −0.84).
Discussion

This study investigated the comparison of elec-
trocardiographic parameters of bovine neonates that 

Table-1: Group comparison of laboratory diagnostic measurements of calves (n = 40) from eutocia and dystocia during 
the first 24 h postpartum for variables of pH, ABE, Hct, Na+, K+, Ca2+, Glu, and Lac.

Parameter Reference range Eutocia Dystocia p‑value

pH 7.36–7.46 7.39 ± 0.05 (7.3–7.54) 7.30 ± 0.07 (7.16–7.4) <0.0001
ABE (mmol/l) −0.6–4.6 5.2 ± 2.0 (1.8–9.7) 1.7 ± 4.8 (−6.6–1.3) 0.0056
Hct (%) 28–38 32 ± 7 (22–46) 33 ± 5 (26–41) 0.7936
Na+ (mmol/l) 130–150 136 ± 2 (131–139) 137 ± 3 (132–143) 0.1224
K+ (mmol/l) 3.5–5.5 4.5 ± 0.4 (3.8–5.5) 4.2 ± 0.4 (3.4–5.0) 0.0544
Ca2+ (mmol/l) 1.12–1.30 1.27 ± 0.06 (1.17–1.38) 1.34 ± 0.05 (1.26–1.48) 0.0004
Glu (mmol/l) 4.9–6.2 5.1 ± 1.6 (2.0–9.5) 5.2 ± 2.3 (2.5–11.7) 0.7964
Lac (mmol/l) 0.9–4.4 3.2 ± 1.3 (1.1–6.4) 6.5 ± 3.0 (2.1–12.5) 0.0001

ABE=Base excess, Hct=Hematocrit, Na+=Sodium, K+=Potassium, Ca2+=Ionized calcium, Glu=Glucose, Lac=Lactate
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experienced dystocia and eutocia. Until now, mobile 
ECGs have only been used sporadically, for example, 
to compare ECGs of calves of different ages or breeds 
[7, 18]. Dystocia commonly results in weakness and 
sudden death of calves, indicating that ECG abnor-
malities may be present in these animals.

The differences between laboratory diagnos-
tic measures in the two groups could be attributed to 
differences in the conditions of birth. Calves born by 
dystocia suffer from hypercapnia and hypoxemia due 
to disturbed intrauterine fetomaternal gas exchange. 
Respiratory depression thus leads to respiratory aci-
dosis. As the tissue does not receive sufficient oxygen, 
anaerobic glycolysis occurs, along with the increased 
formation of lactate. In this study, negative correla-
tions between (1) respiratory rate and pH value and 
(2) respiratory rate and base deficit were observed in 
the dystocia group. This could be attributed to respi-
ratory acidosis, which supports prior research that 
demonstrated the development of metabolic acidosis 
from respiratory acidosis [19]. The positive correla-
tion between lactate levels and respiratory rate may 
also be explained by the body’s counter-regulation to 
tissue hypoxia [20]. Similarly, the increased concen-
tration of ionized calcium in the dystocia group may 
be related to acidosis, as the accumulating H+ ions 
compete with ionized calcium for binding sites on 
protein molecules in the blood [21].

Clinical examination revealed a higher heart 
rate in calves of the dystocia group than the eutocia 
group over the entire study period of 5  days. This 
echoes Held et al. [22]’s results, in which tachycar-
dia was described in neonates as a consequence of 
birth-related acidosis. Furthermore, studies involving 
sheep have demonstrated a direct correlation between 
oxygenation of the blood and heart rate [23]. To clarify 
whether the differences in heart rate between groups 
are due to oxygen saturation, arterial blood sampling 

should be performed. Due to the elevated level of 
care required for calves from dystocia, the increased 
heart rate may also be due to stress-induced activation 
of the autonomic sympathetic system [24]. In addi-
tion, myocardial damage due to birth-induced aci-
dosis and hypoxia could cause a change in heartbeat 
frequency [25]. Thus, further research with respect to 
bovine cardiac biomarkers is needed.

Shortened P waves, QRS complexes, T waves, 
PQ intervals, and QT intervals were observed in 
calves from complicated births. The ST interval was 
longer in calves from births of dystocia than in those 
of the eutocia group. Amory et al. [7] detected that 
Belgian Blues had a significantly longer ST interval 
in comparison to Holstein Friesian calves. However, 
possible explanations for this were not discussed in 
the study. Regarding the results of our study, breed-
ing differences seem likely. The prolonged ST interval 
could be due to the birth situation and the associated 
weakness due to hypoxia in the dystocia group. While 
the duration of the P wave and the QRS complex is 
not dependent on heart rate or physical stress, the 
shortened T waves, QT intervals, and PQ intervals 
may be explained by the increased heart rate of the 
calves [26–28]. Furthermore, Amory et al. [7] have 
demonstrated that beef cattle breeds have shortened 
ECG parameters, except for the aforementioned ST 
intervals. Differences in thoracic shapes, the thickness 
of the thoracic wall, cardiac mass, and the anatomical 
position and electrical axis of the heart within the tho-
rax are postulated as possible causes for this. Of the 
20 calves in each group, 15 in the dystocia group were 
beef cattle, whereas, in the spontaneous births group, 
only three of the 20 calves were beef cattle.

Of the ECG parameters studied, the QT interval 
and ST interval were found to be related to the course 
of birth. The other ECG parameters showed no interac-
tion between group and time but differed significantly 
between the two groups. This could be due to the dif-
ferent breeds in the two groups. In human diabetes 
mellitus type 2 patients, prolonged QT intervals were 
observed during severe hypoglycemia [29]. Further 
changes in electrocardiographic parameters due to 
hypoglycemia are well-described in human medicine 
literature [30]. There were no significant group differ-
ences in the glucose level on the 1st day of life in our 
study. Although no further laboratory measurements 
were performed, clinical follow-up examinations did 
not reveal any evidence of hypoglycemic disorders.

In addition, further correlations between ECG 
parameters and laboratory diagnostic values were 
observed in this study. In calves born by dystocia, 
the QT interval was negatively correlated to the lac-
tate value but positively correlated to the potassium 
value. A  shortening of the QT interval has already 
been described in the literature in the case of hyper-
kalemia [31]. Potassium is one of the essential elec-
trolytes in cardiac cells. Related disorders, including 
hyper- and hypokalemia, may be life-threatening [32]. 

Table-4: Results of the two‑factor, repeated measures 
analysis of variance, regarding the time, using the Wald 
test for the progression data PDu, QRSDu, TDu, QTDu, 
PQDu, STDu, HR, RR, and internal body temperature 
to compare the groups (eutocia and dystocia) and 
observation time points.

Variable Effects (p‑Wert) Interaction (p‑Wert) 
group x time

Group Time

PDu <0.0001 <0.0001 0.1887
QRSDu <0.0001 <0.00191 0.1845
TDu 0.0001 <0.0001 0.2730
QTDu 0.0062 <0.0001 0.0003
PQDu 0.0060 <0.0001 0.2462
STDu 0.1465 <0.0001 0.037
HR 0.0017 <0.0001 0.0004
RR 0.9357 <0.0001 0.0247
Temp 0.6649 <0.0001 0.4523

PDu=P wave duration, QRSDu=QRS complex duration, 
TDu=T waves, QTDu=QT interval, PQDu=PQ interval, 
STDu=ST distance, HR=Heart rate, RR=Respiratory rate, 
Temp=Temperature
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Disorders are primarily found in calves with neona-
tal diarrhea [31]. Therefore, this disease represents 
another potential avenue of study using the ECG. 
No significant differences were found in this study 
between groups regarding potassium. Unfortunately, 
no follow-up testing of laboratory parameters 
occurred, but it is conceivable that cellular damage 
due to acidosis or hypoxia could lead to an increase in 
potassium levels [33], and deviations in the ECG may 
arise as a result of this.

Finally, this study showed a negative correlation 
between the duration of the T wave and the internal 
body temperature in the eutocia group, while a nega-
tive correlation between the respiratory frequency and 
the QT interval was found in the dystocia group. The 
origin of these correlations should be investigated in 
more detail in further studies, as explanatory data do 
not yet exist in the literature.
Limitations of the study

This study had some limitations. First, the breed 
distribution in the dystocia group may have skewed 
the results. Thus, whether observed differences are 
due to group membership (i.e., conditions of birth) 
or breed must be investigated in subsequent studies. 
Potential differences between dystocia and eutocia 
within dairy breeds (such as the Holstein Friesian, 
Jersey, and Brown Swiss) and beef cattle (such as the 
Charolais, Limousin, and Angus) should be explored 
in the future. In addition, research involving only one 
breed under different birth situations should also be 
conducted.

As venous blood samples were taken only within 
24 h postpartum, further investigations are necessary 
to assess the potential correlations between laboratory 
measures and electrocardiographic parameters beyond 
the 1st day of life. Arterial blood sampling could offer 
further insights into birth-induced acidosis and its 
influence on the 1st days of life.
Conclusion

This study is the first of its kind to observe that 
changes in ECG could be detected in calves born 
under conditions of dystocia. This factor could be 
associated with increased mortality in these animals. 
However, further studies should determine whether 
breed-specific deviations also play a role in this 
relationship.
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