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Summary 

Samimi, A. S., J. Tajik, S. M. Aghamiri & A. Karimi, 2018. A serial evaluation of electro-
cardiographic indices and cardiac arrhythmias during pregnancy, lactation and dry periods 
in Saanen goats. Bulg. J. Vet. Med., 21, No 1, 59–66. 
 
Aim of this study was to investigate the effects of lactation, pregnancy and dry period on electrocar-
diographic (ECG) parameters and cardiac arrhythmias in the Saanen goat. A total of twenty female 
adult clinically healthy Saanen goats 3 years of age with a body condition score of 3.5 and average 
weight of 30.2±2.20 kg were randomly selected. The whole duration of the study (8 months) was 
divided into four periods including dry and non-pregnant (P1), 2  months pregnant (P2), 4 months 
pregnant (P3), and lactating (P4) periods. In late pregnancy and lactation periods, the amplitudes of P, 
QRS and T waves were significantly higher compared to other periods (P<0.01). P-R, Q-T and R-R 
intervals in late pregnancy were significantly shorter and heart rate was significantly higher than those 
in other periods. Sinus arrhythmias were the only irregularity observed on the ECG traces and were 
diagnosed in 30%, 15%, 20% and 35.25% of the goats in P1, P2, P3 and P4, respectively. There were 
no significant difference in configuration of ECG waves and cardiac arrhythmias among different 
periods. Based on the results of the present study, it was concluded that although no cardiac morpho-
logical changes have been reported in goats during the lactation, late pregnancy and dry periods, sig-
nificant changes in ECG parameters were observed in base-apex lead in Saanen goats during late 
pregnancy and lactation periods. The physiological cardiac arrhythmias and variations in ECG pa-
rameters observed during different periods in the current study can be used as a base to achieve more 
accurate diagnoses of heart diseases using ECG. 
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INTRODUCTION 

Electrocardiography (ECG) is a non-
invasive, practical technique and inexpen-
sive method to determine the disturbances 

of the cardiac electrical activity (Escudero 
et al., 2009; Samimi et al., 2015). ECG 
records have been introduced as an accu-
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rate and very useful tool for evaluation 
and comparison of cardiac function, diag-
nosis and classification of cardiac ar-
rhythmias in small ruminants (Cebra & 
Cebra, 2012; Escudero et al., 2009). Acid-
base disturbances,  electrolyte imbalances, 
variation in discharge of autonomic nerv-
ous system and myocardial disease can 
influence the rate and rhythm of the heart 
(Radostits et al., 2007). It has been proved 
that pregnancy and lactation as well as any 
other stress including pain and excitement 
affect the cardiovascular system in animals. 
(Murphy & Slodzinski, 2008; Pourjafar et 
al., 2011; Radostits et al., 2007).  

Goats, important producers of meat, 
hair and milk, play a significant socio-
economic role in many countries (Tajik et 
al., 2013). Saanens, one of the most popu-
lar breeds of goat, are raised in large 
numbers all over the world. They origi-
nated in the Saanen valley of Switzerland 
(Ishag et al., 2012). Saanen goat is proba-
bly the most developed dairy breed among 
other goat breeds (Ellitok, 2012; Ishag et 
al., 2012; Samimi et al., 2015). 

During the pregnancy and lactation pe-
riods in sheep, goats and cows, as a result 
of increased cardiac output following in-
creased heart rate, there’s an increase in 
the blood flow to foetus and mammary 
tissue (Radostits et al., 2007; Zarifi et al., 
2012). In addition to increased heart rate, 
the increased cardiac size is also involved 
in supporting cardiac output of cows 
(Zarifi et al., 2012). There are limited 
studies investigating the ECG parameters 
and cardiac arrhythmias in common 
physiological states such as pregnancy, 
lactation and non-lactation in small rumi-
nants. Lack of normal reference values 
and electrocardiographic patterns during 
lactation, pregnancy and dry period in 
clinically healthy goats could lead to fail-
ure in diagnosis of heart diseases and ab-

normal heart rhythm. On the other hand, it 
has been proven that there are fundamen-
tal differences among different breeds of 
small ruminants for ECG parameters. Al-
though there are some previous studies on 
ECG parameters in the Saanen goat, to the 
best of our knowledge, there is no study 
regarding the effects of different physio-
logical states on ECG indices in this valu-
able breed. Aim of this study was to inves-
tigate the effects of lactation, pregnancy 
and dry period on ECG parameters and 
cardiac arrhythmias in the Saanen goat. 

MATERIALS AND METHODS 

Animals 

The present study was carried out in a 
commercial Saanen goat farm around 
Kerman, southeast of Iran (latitude 
30°19'N and longitude 52°07'E) during 
August 2014 to May 2015. A total of 
twenty female adult clinically healthy 
Saanen goats 3 years of age with a body 
condition score of 3.5 and average weight 
of 30.2±2.20 kg were randomly selected. 
All goats were reared under the same hus-
bandry and management conditions in the 
same group pen. None of the animals 
showed clinical signs of heart disease in 
clinical examination. The animals re-
ceived anthelmintic treatment at the be-
ginning of the experiment. A constant 
ration containing a mixture of alfalfa hay 
(40%) and wheat straw (60%) ad libitum, 
plus 300 g of barley grain/head/day, and 
supplemented with free-choice trace min-
eral salt licks 3 weeks before breeding. 
The whole duration of the study (8 
months) was divided into four periods 
including dry and non-pregnancy (P1), 2 
months pregnancy (P2), 4 months preg-
nancy (P3), and lactating (P4) periods. 
Determination of gestational age was de-
termined based on artificial insemination 
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date. Pregnancy scanning was done by 
transcutaneous ultrasonography technique 
with a 5 MHz linear-array transducer (V8, 
EMP, China). Single pregnancies were 
confirmed and ECG recordings were ob-
tained from all goats in the same days. 

Procedures 

The ECG was recorded on a bipolar base 
apex lead using a single channel ECG 
machine (Cardiomax FX-2111, Fukuda, 
Japan) with a paper speed of 25 mm/s and 
calibration at 10 mm/mV. While the ani-
mals were kept in a standing position and 
thought to be in a quiet state (without se-
dation and minimal restraint), the ECG 
was recorded using an alligator-type elec-
trode attached to the skin. The positive 
electrode of lead I (left arm) was placed 
on the skin of the fifth intercostal space 
just caudal to the olecranon and the nega-
tive electrode (right arm) on the jugular 
furrow about the lower 1/3 of the left side 
of the neck. The earth electrode was at-
tached away from these two electrodes 
(Rezakhani et al., 2004; Tajik et al., 
2013). Alligator clips were fixed to the 
skin after application of methyl alcohol. A 
magnifying glass was used for analyzing 

and measuring ECG parameters. The heart 
rate was calculated by measuring the ave-
rage six R–R intervals of each trace. To 
describe the QRS complex, the first nega-
tive deflection was designated Q, the first 
positive wave was called R and the nega-
tive deflection after R was designated S. If 
the QRS complex was a single negative 
deflection, it was described as the QS pat-
tern. (DeRoth, 1980; Rezakhani et al,. 
2004; Tajik et al., 2013). In the case of 
biphasic P or T waves (–/+ or +/–), the 
amplitude of two phases was summed. 

Statistical analysis 

Data were expressed as mean values±stan-
dard error. Repeated measures ANOVA 
was used to compare heart rate, wave am-
plitude and duration, and duration of P-R, 
Q-T and R-R intervals among different 
periods and McNemar’s test was imple-
mented for comparison of wave configura-
tions. Statistical analysis was performed 
using SPSS 17 (SPSS for Windows, ver-
sion 12, SPSS Inc, Chicago, Illinois). Dif-
ferences were considered statistically sig-
nificant when the calculated P value was 
less than 0.05. 

Table 1. Electrocardiographic (ECG) indices (in base-apex lead system) in different periods of 
study in Saanen goats 

 Dry, non-
pregnant (P1) 

Dry, 2 months 
pregnant (P2) 

Dry, 4 months 
pregnant (P3) 

Lactating, non-
pregnant (P4) 

Heart rate (min–1) 115.38±4.40 a 115.83±4.90 a 142.85±4.70 b 93.75±8.30 c 
P 0.155±0.051a 0.102±0.379b 0.155±0.51c 0.105±0.022d 

QRS 0.960±0.127 a 0.690±0.129 b 1.350±0.203 c 1.070±0.174 d 
Amplitude 
(mV) 

T 0.215±0.067 a 0.265±0.093 b 0.445±0.119 c 0.285±0.093 d 

P 0.040±0.001 0.042±0.008 0.042±0.008 0.040±0.001 
QRS 0.052±0.018 a 0.040±0.00 b 0.040±0.00 b 0.040±0.00 b 

Duration 
(ms) 

T 0.054±0.023 a 0.052±0.018 a 0.063±0.021 a 0.074±0.023b 

P-R 0.096±0.020 a 0.106±0.019 a 0.087±0.014 b 0.106±0.023 c 
Q-T 0.238±0.039 a 0.224±0.023 a 0.214±0.019 a 0.286±0.039 b 

Interval 
(ms) 

R-R 0.520±0.077 a 0.518±0.049 a 0.420±0.057 b 0.640±0.080 c 

Different small superscripts (a, b, c and d) show significant difference (P<0.05). 
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RESULTS  

The results of the measurements of the 
heart rate and amplitude, duration and 
configuration of ECG waves in different 
periods are shown in Table 1 and Table 2. 

There was a significant difference be-
tween dry period and other periods in am-
plitude of P, QRS and T waves, and also 
in QRS duration (P<0.01). A statistically 
significant difference was found in heart 
rate, and P-R, Q-T and R-R intervals 
among dry period, late pregnancy and 
lactation period (P<0.01). In late preg-
nancy and lactation periods, the ampli-
tudes of P, QRS and T waves were signi-
ficantly higher compared to other periods 

(P<0.01). P-R, Q-T and R-R intervals in 
late pregnancy were significantly shorter 
and heart rate was significantly higher 
than those in other periods. A biphasic 
QRS configuration was seen in all periods 
but early pregnancy in which there was a 
triphasic pattern, and so there was no pos-
sibility of comparison. However, there was 
no significant difference in configuration of 
ECG waves among different periods. 

Sinus arrhythmias were the only ir-
regularity observed on the ECG traces 
(Fig. 1) and were diagnosed in 30%, 15%, 
20% and 35.25% of the goats in P1, P2, P3 
and P4, respectively (Fig. 2). However, no 
clinical sign of heart problem or cardiac 
insufficiency was diagnosed in any of the 

Table 2. Comparison of the frequency of electrocardiographic (ECG) waves configuration (in 
base-apex lead system) in different periods of study in Saanen goats 

 Dry, non-
pregnant (P1) 

Dry, 2 months 
pregnant (P2) 

Dry, 4 months 
pregnant (P3) 

Lactating, non-
pregnant (P4) 

  + 16 15 20 18 
P wave     +/–   4   5 –   2 

  QS   8 20   5   5 QRS 
wave   QRS 12 – 15 15 

  + 16 13 19 18 
T wave 

+/–   4   7   1   2 

+, monophasic; +/–, biphasic; QS, presence of 2 deflection in complex; QRS, presence of 3 deflec-
tion in complex.  

 
 

 

Fig. 1. Electrocardiogram (ECG) tracing from Saanen goats in base-apex lead system  
(paper speed: 25 mm/s; calibration: 10 mm/mV). Variable R-R interval during ECG records  

shows sinus arrhythmia. 
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cases. Furthermore, there was no signifi-
cant difference in prevalence of sinus ar-
rhythmias among different periods. 

DISCUSSION 

Base apex lead has been proposed as the 
best and most standard lead for monitor-
ing cardiac electrical activity in large ani-
mal medicine and is used routinely 
(Rezakhani et al., 2004; Radostits et al., 
2007; Tajik et al., 2013). To the best of 
our knowledge, this is the first study on 
serial evaluation of electrocardiographic 
indices and cardiac arrhythmias during 
pregnancy, lactation and dry periods in 
Saanen goats. 

In the studies conducted on adult 
goats, normal heart rate ranged between 
70–110 beats/min and 70–90 beats/min, 
respectively (Radostits et al., 2007; Smith, 
2009). However, Pogliani et al. (2013) 
reported a higher heart rate for adult fe-
male Saanen goats (129.42 beats/min) 
(Pogliani et al., 2013). Our results showed 
that the mean heart rates in female Saanen 
goats in P1, P2, P3 and P4 were 115.38, 
115.83, 142.85 and 93.75 beats/min, re-
spectively (Table 1). Different physiologi-
cal status such as lactation and pregnancy, 

conductive properties of the body mass, 
the volume of the gastrointestinal tract, 
growth of embryo and increasing size of 
uterus during pregnancy can influence the 
distribution of electrical potentials to the 
body surface (Santamarina et al., 2001) 
and can be proposed as the cause of dif-
ferent results. 

A statistical comparison of P, QRS 
and T waves amplitude in different peri-
ods showed that the amplitude of the 
waves in lactation and late pregnancy was 
significantly higher compared to other 
periods (P<0.01). It has been reported that 
cardiac output and total volume of sys-
temic blood flow increased significantly 
during lactation and late pregnancy com-
pared to dry or early pregnancy periods 
and these increases may well be associ-
ated with increasing milk yields and foetal 
development, respectively (Davis & Col-
lier, 1985; Olsson et al., 2001; Pourjafar 
et al., 2011; Zarifi et al., 2012). Further-
more, lactation and parturition challenge 
the homeostatic mechanisms of ruminants, 
especially those controlling the cardiovas-
cular system, and blood flows to the udder 
and uterus are directly related to milk 
production and gestational age, respec-
tively (Davis & Collier, 1985; Olsson et 
al., 2001; Zarifi et al., 2012). However, it 
has been documented that the heart size is 
not influenced by milking and pregnancy 
status in dairy goats (Olsson et al., 2001). 
Cardiac output depends on two major 
factors including heart rate and stroke 
volume. Stroke volume is influenced by 
cardiac preload, contractility and after 
load (Olsson et al., 2001; Radostits et al., 
2007). Increase in cardiac contractility to 
produce an increment in stroke volume 
and cardiac output results in greater am-
plitude of ECG waves. 

Goats in late pregnancy had signifi-
cantly higher heart rates and shorter P-R, 

0 10 20 30 40

Dry, non-pregnant

Dry, 2 months pregnant

Dry, 4-months pregnant

Lactating, non-pregnant

Fig. 2. Frequency (%) of sinus arrhythmias (in 
base-apex lead system) in different periods of 
study in Saanen goats.  
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Q-T and R-R intervals compared to goats 
in other periods. There is a negative corre-
lation between P-R, Q-T and R-R inter-
vals duration and heart rate (Radostits et 
al., 2007; Jafari-Dehkordi et al., 2012; 
Pogliani et al., 2013). An increase in heart 
rate means sinus tachycardia which is ini-
tiated by the sinoatrial node. Heart rate 
increment is caused by some factors such 
as pain, excitement, stress, pregnancy, 
exercise, hyperthermia, decrease in arte-
rial blood pressure and administration of 
adrenergic drugs (Radostits et al., 2007). 
Stress has been proposed as an important 
reason for tachycardia (Ville et al., 1993; 
Bernal & Moro, 2006;) and our results 
showed that pregnancy stress was signifi-
cantly associated with heart rate and 
higher heart rates were recorded in late 
pregnancy period compared with other 
periods (P<0.05). Increased heart rate in 
this period may be due to increasing 
uterus volume, embryonic growth, initia-
tion of colostrum production, high energy 
demand of embryo, surrounding perito-
neal fat, abdominal oedema and increased 
blood flow to the uterus (Radostits et al., 
2007; Zarifi et al., 2012). On the other 
hand, it is well known that stress increases 
the plasma corticoid concentrations (Wag-
ner & Oxenreider, 1972; Meinlschmidt et 
al., 2010) which are regulated by the cor-
ticotropin-releasing factor (CRF). CRF is 
secreted by the hypothalamus in response 
to stress (Smith & Dobson, 2002). CRF 
acts in the central nervous system to 
stimulate sympathetic noradrenergic out-
flow to the heart and inhibits cardiac para-
sympathetic nervous activity, resulting in 
increased heart rate (Fisher, 1989; Machi-
da et al., 1993; Davis et al., 2002).  

The prevalence of sinus arrhythmia 
was insignificant between different peri-
ods. Cardiac dysrhythmias or arrhythmias 
are defined as disturbances of impulse 

formation, disorders of impulse conduc-
tion, or both (Radostits et al., 2007). Si-
nus arrhythmia is a normal physiological 
arrhythmia that occurs at slow resting 
heart rates and is associated with variation 
in the heart rate. This arrhythmia has been 
detected in anorectic cattle (Machida et 
al., 1991; Gentile et al., 1993), clinically 
healthy Najdi goats (Pourjafar et al., 
2012) and late pregnant sheep (Pourjafar 
et al., 2011). In the current evaluation, 
none of the animals with sinus arrhythmia 
had clinically systemic disease or anorexia 
but they were under pregnancy and lacta-
tion stress. Furthermore, stress is a time of 
haemodynamic, hormonal, and catecho-
lamine fluctuations, which may provoke 
cardiac arrhythmias (Murphy & Slod-
zinski, 2008). It has been shown that the 
animals in stress period show sinus ar-
rhythmia more frequently (Rezakhani & 
Edjtehadi, 1980). In evaluated animals, 
this irregular cardiac rhythm could be 
categorized as physiological arrhythmia. 
Pourjafar et al. (2012) suggested that the 
occurrence of sinus tachycardia, sinus ar-
rhythmia and sinoatrial block without cli-
nical manifestations of heart problem in 
goats is considered as physiological car-
diac arrhythmia.  

Based on the results of the present 
study, it was concluded that although no 
cardiac morphological changes have been 
reported in goats during the lactation, late 
pregnancy and dry periods, significant 
changes in ECG parameters were ob-
served in base-apex lead in Saanen goats 
during late pregnancy and lactation peri-
ods. The physiological cardiac arrhyth-
mias and variations in ECG parameters 
observed during different periods in the 
current study can be used as a base to 
achieve more accurate diagnoses of heart 
diseases using ECG. 
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