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ABSTRAK

Penelitian gangguan sistem kardiovaskular semakin berkembang dilakukan pada hewan model. Babi merupakan
hewan model yang umum digunakan dalam penelitian biomedis. Penelitian ini dilakukan untuk mengetahui nilai normal
ekokardiografi jantung babi (Sus scrofa domestica) jantan dan betina. Babi yang digunakan dalam penelitian ini berjumlah
12 ekor babi yang digunakan dalam penelitian ini dengan usia 3 sampai 4 bulan dengan rata-rata berat badan 55 Kg (52
sampai 69 Kg). Pemeriksaan ekokardiografi transtorakalis dengan posisi right parasternal (RPS) long-axis (LAx) dan short-
axis (SAx) menggunakan transduser phase-array probe dengan frekuensi 2.5-6.0 MHz yang dilakukan pada babi dalam
kondisi teranestesi. Posisi RPS-SAx bertujuan menilai bentuk dan struktur dari ventrikel kiri jantung babi, sedangkan RPS-
LAx bertujuan membandingkan dimensi antara ventrikel serta melihat pergerakan katup mitral jantung. Hasil pemeriksaan
ekokardiografi menunjukkan bahwa struktur dari ventrikel kiri babi yang dapat terlihat adalah interventricular septum
(IVS), left ventricle (LV), left ventricle wall (LVW), pericardium (P), papillary muscle (PM), dan right ventricle (RV). Hasil
penelitian menunjukkan bahwa nilai pada parameter frekuensi jantung (HR), left ventricular internal dimension at end-
diastole (LVIDd), dan stroke volume (SV) menunjukkan hasil yang berbeda secara signifikan, sedangkan parameter lainnya
memiliki hasil yang tidak signifikan antara jantan dan betina. Nilai ekokardiografi normal pada babi ini dapat digunakan
sebagai acuan dalam penelitian kardiovaskular lanjut yang menggunakan babi sebagai hewan model.

Kata kunci: Babi, Transtorakalis Ekokardiografi, Hewan Model, Jantung

ABSTRACT

Research on cardiovascular system disorders is increasingly being carried out in animal models. Swine is an animal
model that is commonly used in biomedical research. This study was conducted to determine the normal value of the heart
echocardiography of male and female swine (Sus scrofa domestica). There were 12 swine used in this study with an age of
3 to 4 months with an average body weight of 55 kg (52 to 69 kg).Transthoracic echocardiography examination with right
parasternal (RPS) long-axis (LAx) and short-axis (SAx) positions using a 2.5-6.0 MHz phase-array probe transducer was
performed on anesthetized swine. The RPS-SAX position aims to assess the shape and structure of the left ventricle of the
swine heart, while the RPS-LAX aims to compare the dimensions between the ventricles and observe the movement of the
mitral valve of the heart. The results of echocardiography examination showed that the structures of the left ventricle of
swine that could be seen were the interventricular septum (IVS), left ventricle (LV), left ventricle wall (LVW), pericardium
(P), papillary muscle (PM), and right ventricle (RV). The results showed that the values for the parameters of heart frequency
(HR), left ventricular internal dimension at end-diastole (LVIDd), and stroke volume (SV) showed significant different
results, while other parameters had non-significant results between males and females. Normal echocardiographic values
in swine can be used as a reference in further cardiovascular research using swine as animal models.
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Results of examination of patient
monitoring data in swine (Sus scrofa
domestica); HR: heart rate, RR: respiratory
rate, Temp: temperature, Systol, Diastole,
Body Weight.

M-mode. M-mode echocardiography examination
used the Cube Test and Teichholz methods to
determine the wall thickness and dimensions of the
left ventricular lumen of the heart (Egemnazarov
et al. 2015). The EF value is the percentage of the
difference between EDV and ESV divided by EDV, with
the normal value in swine according to Paslawska
(2014) is 58 £ 5%. FSis the percentage of the difference
between end-diastolic and end-diastolic diameter
divided by end-diastolic end-diastolic, with a normal
value in swine of 32 + 4% (Paslawska 2014; Corda et
al. 2019). Assessment of changes in EF and FS from
echocardiographic results can be used to assess the
function and structure of the left ventricle of the
heart, so that it can be an indicator of heart failure
(Cikes and Solomon 2016; He et al. 2009).

Figure 2

Position of right parasternal echocardiography (RPS) examination in swine with right lateral
recumbency (A) position. The results of echocardiography examination of the heart of B-mode
swine with the right parasternal (RPS) short axis (B and C) position. B-mode echocardiography
examination with right parasternal (RPS) long axis (D) position. Ao: aorta, Ap: apex, Bs: base, IVS:
interventricular septum, LA: left atrium, LV: left ventricle, LVW: left ventricle wall, P: pericardium,
PM: papillary muscle, RA: right atrium, RPA: right main pulmonary artery, RV: right ventricle, RVW :
right ventricle wall.
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INTRODUCTION

Disorders of the cardiovascular system are one of
the leading causes of death in the world. Around 64.3
million people live with heart failure worldwide. The
incidence of heart failure in developed countries is
generally estimated to be 1% to 2% of the general adult
population (Groenewegen 2020). Based on research
conducted by Artha et al. (2017) myocardial infarction
is still the main cause of mortality in Indonesia with
the number increasing by 10.5% from 5.9 million
people in 2006 to 6.52 million people in 2016 with
an estimated incidence of 200 incidents per 100,000
population each year. Treatment for disorders of the
cardiovascular system is increasingly being carried out
in animal models. Swine are one of the large animal
species that are commonly used as model animals
in biomedical research. This is because swine have
many anatomical similarities to humans (Gunanti et
al. 2020) such as organ weight, organ physiological
processes and disease development (Bassols et al.
2014; Hafizsha et al. 2021). Swine are genetically and
physiologically similar when compared to humans
(Yan et al. 2018). Swine are the most suitable animal
models for research on the cardiovascular system,
this is because the shape of the heart, especially the
swine coronary arteries, is the same as the human
heart (Lelovas et al. 2014).

Monitoring the physiological value of the heart in
animal models is generally carried out invasively and
continuously using cardiac catheterization. A cardiac
catheter can be inserted through the femoral vein to
measure arterial and venous blood pressure (Mendler
et al. 2018; Gunanti et al. 2020). Radiographic
imaging of the functioning of the cardiovascular
system of swine as animal models is still challenging.
Examinations using magneticresonanceimaging (MRI)
and computed tomography (CT) are still not widely
available and performed, while examinations using
invasive catheterization can affect animal models.
Therefore, among non-invasive tests for cardiac
function analysis, transthoracic echocardiography
can be a suitable method for obtaining cardiac
echocardiography values because of its combination
of accuracy, practicality, high availability, and low cost
(Schwarz 2019; Egemnazarov et al. 2015; Romano et al.
2012). Transthoracic echocardiography examination
technique is a non-invasive diagnostic method using
ultrasound. Echocardiographic examination canassess
and measure the internal structure of the heart, which
consists of the cardiac muscle wall and its proportions,
cardiac blood vessels, and cardiac systole and diastole
(Chetboul et al. 2012; Noviana et al. 2013). Information
on normal values for echocardiographic examination
of swine is useful for the selection of animal models

used in biomedical studies of cardiovascular diseases
in humans using swine. This study was conducted to
obtain normal values for echocardiography of the
swine heart (Sus scrofa domestica).

MATERIALS AND METHODS

This study used a sample of swine (Sus scrofa
domestica) with a total of 12 swine consisting of 6
male swine and 6 female swine aged 3 to 4 months
with an average body weight 55 kg (52 to 69 kg).
The determination of the number of swine model
animals in this study was carried out based on the
recommended number in the Guide for the Care
and Use of Laboratory Animals Eighth Edition book
(National Research Council 2010). The research was
conducted at the Laboratory Animal Care Unit of the
School of Veterinary Medicine and Biomedical Science
(UPHL SKHB) IPB University and the Veterinary
Teaching Hospital (RSHP) SVMBS IPB. This research
has been approved by the VTH SVMBS IPB Animal
Ethics Commission with certificate number 158/KEH/
SKE/XII/2019.

Swine heart echocardiography examination and
interpretation of echocardiography results were
carried out at the Cardiology Service Center, VTH
SVMBS IPB. Six swine were acclimatized for 14 days.
Acclimatization with anthelmintic albendazole 1 bolus
every 300 kg body weight for 6 days orally mixed with
feed, the antibiotic marbofloxacin 1 ml/so kg body
weight intramuscularly (IM) for 3 consecutive days,
the antiparasitic ivermectin 0.3 mg/Kg body weight
given once subcutaneously (SC) on the first day of
acclimatization, as well as growth promoters and
muscle strengthening (5 ml/head/day) given IM for
5 days. Feeding and drinking swine ad-libitum during
the acclimatization process, then feed was given 2
times a day during the study.

Swinetobe examinedforcardiacechocardiography
were previously fasted from eating first for 8-12 hours.
Thenthe swine were anesthetized using a combination
of ketamine (20 mg/kg BW) and xylazine (2 mg/kg BW)
intramuscularly to the muscles in the neck followed
by atropine sulfate (0.04 mg/kg BW) (Fitri et al. 2020).
Swine that have been anesthetized by the Mindray®
MEC-1000 patient monitoring device are then used
to obtain the physiological values of the swine such
as heart rate, respiratory rate, body temperature and
blood pressure. Echocardiographic examination of
the heart using an ultrasound Chison® type Ebit-60.

Echocardiographyinswine begins with determining
the transthoracic orientation point, namely at the
third and fourth intercostals, then shaving the area
around the orientation point. Swine were examined
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by echocardiography in the right lateral-recumbency
position for the right parasternal (RPS) long-axis
(LAX) and short-axis view (SAx) examination (Figure
2). The RPS-LAX scanning technique is performed by
placing the transducer in the intercostal area parallel
to the longitudinal axis of the heart, while the RPS-SAx
technique is performed by positioning the transducer
in a transverse direction to the longitudinal axis of the
heart (Noviana et al. 2018). The transducer (probe)
used is a phase-array-probe with a frequency of
2.5-6.0 MHz which has previously been added with
ultrasound gel.

The type of echocardiographic imaging used in
this study is Brightness mode (B-mode) followed by
Motion mode (M-mode) with Cube and Teichholz
methods to interpret intracardiac dimensions, heart
wall thickness, lumen dimensions, and cardiac muscle
contractility (Fitri et al. 2020; Penninck and d’Anjou
2015). Echocardiographic calculations were performed
3 times for each swine and then the average value
was taken so that the total data obtained were 18
males and 18 females. Echocardiography parameters
will be compared between male and female swine
and with normal values of cardiac echocardiography
in swine from other studies. The data obtained will
be analyzed using ANOVA data analysis method and
Mann-Whittney follow-up test to see the significance
difference (P < 0.05) between echocardiography of
male and female swine.

RESULT

Based on the results of observations on monitoring
patients (Table 1), it can be seen that the average
heart rate of male swine is 87.33 * 15.42 per minute
and female swine are 89 = 8.05 per minute, the
average respiratory rate of male swine is 17.83 + 3.76
per minute and sows 24.83 + 6.91 per minute. Then
the average temperature of male swine examined
was 36.07 * 0.82 °C and sows were 36.45 + 0.7 °C. The
average value of systolic and diastolic blood pressure
in male swine was 119.56 + 9.39 mmHg and 72.11 £ 7.76
mmHg, while the systolic and diastolic blood pressure
of female swine wes 121.33 £ 31.92 mmHg and 77 #
24.18 mmHg, respectively.

Figure 1 shows a comparison chart of the results
of the physiological examination of male and female
swine using patient monitoring. Differences in
respiratory rate and temperature in this study can
be caused by several factors such as high ambient
temperature, restraint process and animal transfer.
The results of the B-Mode echocardiography
examination in swine can be seen in Figures 2B and 2C
with the RPS-Short Axis taking position to assess the
shape and structure of the left ventricle of the swine’s

http://www.journal.ipb.ac.id/indeks.php/actavetindones

heart. Figure 2D is the result of echocardiography
with the RPS-Long Axis taking position which aims to
compare the dimensions between the left and right
ventricles and see the movement of the heart’s mitral
valve.

The echocardiographic examination in Figure 3
shows the results of echocardiographic imaging of
the heart of swine using the B and M-mode methods
which aim to determine the normal echocardiographic
valuesin swine. Figure 3 was performed using the Cube
and Teichholz method to determine the dimensions
of the cardiac chamber (LVID) and to measure the
thickness of the heart muscle in systole and diastole
conditions.

Based on the results of the analysis using the
Mann-Whitney statistical test, it shows that only the
parameters of heart frequency (HR), left ventricular
internal dimension at end-diastole (LVIDd), and stroke
volume (SV) have a P-Value < 0.05, so it can be said that
these parameters have different and significant values
between male and female swine. Whereas in other
parameters, male and female swine the difference
between values is not significant. The results of the
examinationin Table 2 show the HR valueinmale swine
of 84.96 + 5.75 times per minute and female swine
of 98.72 * 12.7 times per minute. The LVIDd value in
male swine was 56.11 + 20.58 mm and in female swine
41.4 t 14.14 mm. The value of end diastolic volume
(EDV) and end systolic volume (ESV) in the results of
echocardiography of male swine showed values of
158.62 +73.52 and 59.79 * 46.78, while in female swine
106.62 * 47.09 and 37.51 * 21.98. EDV and ESV values
are used as a reference in measuring cardiac systolic
function based on the value of ejection fraction (EF)
and fractional shortening (FS). The EF and FS values
in male and female swine obtained through M-mode
transthoracic echocardiography were within the
normal range (Table 2).

Table 2 shows the SV value in male swine 98.84 +
31.99 ml and female swine 70.23 * 33.92 ml. A high SV
value in male swine indicates that the more blood the
heart pumps.

DISCUSSION

The results of observations on patient monitoring
status include heart rate, respiration, temperature,
systolic and diastolic blood pressure (Checketts et al.
2016). Physiological examination of the animal’s body
is an animal’s response to changes in internal and
external factors. The values of heart, breath, and body
temperature of swine are 60-100 times per minute,
8-18 times per minute, and 38-40 °C, respectively (Reed
et al. 2018; Zhang et al. 2019; Karlsson et al. 2021).
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Table 1 Results of examination of patient monitoring data in swine (Sus scrofa domestica)

Parameter Male Female Mean
Heart rate (times/minute) 87.33 £15.42 89 + 8.05 88.17 £ 11.76
Breathing Frequency (times/minute) 17.83 +3.76 24.83 + 6.91 21.33+6.44
Temperature (°C) 36.07 = 0.82 36.45 + 0.7 36.26 + 0.75
Systolic Blood Pressure (mmHg) 119.56 + 9.39 121.33 £ 31.92 120.44 + 22.45
Diastolic Blood Pressure (mmHg) 72.11+7.76 77 *24.18 74.56 *17.31
Body Weight (Kg) 54.5 + 3.83 57.33+10.5 55.92 +7.68

Table 2 Results of the M-mode echocardiography of swine (Sus scrofa domestica)

Normal healthy swine

Parameter Male (n=18) Female (n=18) P-value (Paslawska 2014)
HR (times/minute) 84.96 £5.75 98.72 +12.7 0 71
IVSd (mm) 14.01 % 4.5 12.46 £ 3.2 0.254 0.84 * 0.03
LVIDd (mm) 56.11 +20.58 41.4 £ 14.14 0.038 4.88 + 0.31
LVPWd (mm) 1.42 £ 2.7 14.52 + 4.94 0.082 0.92 +0.09
IVSs (mm) 16.8 + 4.7 15.5 + 3.82 0.393 1.16 £ 0.11
LVIDs (mm) 41.71+16.6 29.42 +10.77 0.062 3.42 £ 0.44
LVPWs (mm) 16.15 + 2.16 18.11+3.7 0.117 1.47 £ 0.14
EDV (ml) 158.62 * 73.52 106.62 *+ 47.09 0.076 -
ESV (ml) 59.79 + 46.78 37.51+21.98 0.129 -
SV (ml) 98.84 +31.99 70.23 £ 33.92 0.046 -
CO (L/minutes) 8.42 £2.82 6.79 3.2 0.117 -
EF (%) 66.48 £ 13.62 67.06 + 17.1 0.681 58 +5
FS (%) 31.83£9.92 32.82 £ 13.11 0.924 324
LAAs (mm) 20.17 £ 7.65 20.57 £3.22 0.669 -
AoDd (mm) 20.82 £ 4.87 21.46 £ 2.56 0.537 -
LA/Ao 1.08 £ 0.27 0.96 £ 0.12 0.187 1.58 £+ 0.14

Description: normal value in swine (Sus scrofa domestica) with an average body weight of 55 Kg. M-mode:
Motion mode, LVIDd: left ventricular internal dimension at end-diastole, LVIDs : left ventricular
internal dimension at end-systole, LVPWd : left ventricular posterior wall thickness at end-diastole,
LVPWs : left ventricular posterior wall thickness at end-systole, EDV : end diastolic volume, ESV :
end systolic volume, SV : stroke volume, EF : ejection fraction, FS : fraction shortening, LAAs: left
atrial appendage-sistole, AoDd : aortic diameter-diastole, LA/Ao : comparison between LAAs and

AoDd.

Transthoracic  echocardiography = examination
of the swine heart is a useful method for imaging
the structure of the swine heart. The process of
echocardiographic examination was carried out
under anesthetized swine conditions (Chang et al.
2016; Rahmiati et al. 2021). Echocardiography with
the RPS-Long Axis can determine the changes in the
heart due to congenital heart disease (Vezzosi et al.
2021; Noviana et al. 2018). Figure 2 using the B-mode
method in swine echocardiography shows that
the structures of the swine left ventricle that can

be seen are the interventricular septum (IVS), left
ventricle (LV), left ventricle wall (LVW), pericardium
(P), papillary muscle (PM), and the right ventricle
(RV). Changes in the heart that can be observed using
B-mode and M-mode imaging types such as heart
valve abnormalities, abnormalities in intracardiac
dimensions, heart wall thickness, lumen dimensions,
and cardiac muscle contractility.

According to Penninck and d’Anjou (2015), cardiac
ultrasound examination methods that can be used
in echocardiographic examination are B-mode and
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Motion mode (M-mode) porcine heart
echocardiography technique with the
right parasternal short axis position. IVS:
interventricular septum, LV: left ventricle,
LVW: left ventricle wall, P: pericardium,
PM: papillary muscle, RV: right ventricle.

Figure 3

Stroke volume (SV) is the volume of blood pumped
by the ventricles of the heart each time it contracts. SV
value is needed to measure and determine the value
of cardiac output. Cardiac output (CO) is the volume
of blood pumped by the ventricles per minute which
is obtained by multiplying the heart rate (HR) by SV
(Seckerdieck et al. 2015; Penninck and d’Anjou 2015).

Calculating SV and CO values indicates how much
blood is pumped into the body in one minute by the
left ventricle so it can be used as a way to assess
heart function and predisposition to heart disease
(Monditzki et al. 2021). Differences in male and female
echocardiographic values can be caused by several
factors, namely physiological sex hormones estradiol
and testosterone, enzyme and protein expression in
male and female animals (Parois et al. 2015; Tadros et
al. 2014; Thompson et al. 2020).

Based on the results of this study, we present
normal values for transctoracal echocardiography of
male and female swine hearts (Sus scroba domestica).
The results of echocardiography showed that the
values for the parameters of heart frequency (HR),
left ventricular internal dimension at end-diastole
(LVIDd), and stroke volume (SV) showed significant
different results, while other parameters had non-
significant results between males and females. Data
from this study strengthens the advantages of using
swine as animal models for human cardiovascular
disease research. The echocardiographic data from

http://www.journal.ipb.ac.id/indeks.php/actavetindones

this study reinforce the advantages of using swine
as an animal model for research on cardiovascular
disease in humans. This is because swine have genetic,
anatomical, and physiological similarities with humans
rather than small animals/laboratory animals. Another
reason for using swine as animal models is that they
have physiological and anatomical similarities with
human organs such as the heart (Yan et al. 2018).
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