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ABSTRACT

Background: Echocardiography provides useful additional information on cardiac dimensions including heart wall and
dimension of the ventricles, atria and conditions. Rabbits have been diagnosed with cardiac diseases, and an understanding
of the animals’ cardiac chamber dimensions is vital in assessing the diseases’ severity and prognoses. Changes in cardiac
dimensions due to age related and body weight were determined at different animals. The increased incidence of congenital
cardiovascular anomalies makes it essential to establish the diagnosis at an early age. The aims of this study 1) establish
normal values for the commonly used two-dimensional (2D) M-mode parameters using pre anaesthetics and 2) evaluate
the effects of age, sex, and body weight on echocardiographic parameters in clinically healthy New Zealand rabbits.
Materials, Methods & Results: In this study we used 49 New Zealand white rabbits (25 male, 24 female) all reared un-
der the same conditions. A general physical and clinical examination including complete blood count was performed for
each animal. Body surface area was calculated as BSA= 0.00718 x Height %> x Weight ®4*, Rabbits were sedated with
midazolam before echocardiographic examination was performed. Echocardiographic examination was performed using a
DC 6-Vet® (Mindray, PRC) ultrasonographic device equipped with a micro-convex 8 MHz probe. Right parasternal short-
axis view, B-mode and two-dimensional guided M-mode parameters were measured. Echocardiographic measurements
were performed using leading-edge-to-leading-edge conventions outlined by the American Society of Echocardiography.
Statistical analyses were employed using the SPSS 19.0 program. Sex had no significant effect on the measured echocar-
diographic parameters except in the case of interventricular septum thickness in diastole values of the three-month-old
rabbits. The increase in the left ventricular systolic and diastolic diameters, E- point to septal separation, diastolic aortic root
parameters for the three, six, and nine-month-old groups indicated persistent anatomic heart enlargement. However, it was
also discovered that the fractional shortening percentage of the left ventricle and diastolic diameters of left atrium:aortic
root were unrelated to age and weight.

Discussion: New Zealand rabbits are an important model for cardiovascular research, mainly as they are small and rela-
tively inexpensive however large enough to allow anatomical and physiological experiments. Different ages and sizes of
New Zealand rabbits showed no significant difference in fractional shortening despite heart enlargement. The ejection
fraction, which can be calculated from the left ventricular dimensions via M-mode echocardiography, is another param-
eter of cardiac function. Our echocardiograph calculated the ejection fraction automatically using the Teicholz formula. It
was further observed that three-month-old rabbits ejection fraction of the left ventricle was higher than that of the six and
nine-month-old rabbits. This might indicate the necessity of periodical analysis of echocardiographic parameters. Trans-
thoracic echocardiography can be considered an applicable method for cardiovascular research using a growing rabbit
animal model after appropriate adjustments for age, sex and body size. These findings give a better understanding of the
functional changes investigated by echocardiography in rabbits and will be helpful when evaluating echocardiographic
data in small experimental animals.
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INTRODUCTION

Body weight (BW), body surface area (BSA),
and age can affect cardiac dimensions and function
[1,31,35]. Many studies have been conducted to es-
tablish the relationship between cardiac dimensions
and body weight in horses, dogs, cats, sheep and rats
[1,4,10,19,28,32,35]. Casamian-Sorrosal et al. [5] stud-
ied the echocardiographic parameters of Dwarf Lops,
French Lops and Alaskan rabbits. Fontes-Sousa et al.
and Mora et al. [13,25] studied the same parameters
among New Zealand White Rabbits. The rabbits in
these studies were constantly under the influence of
both sedatives and anaesthetic agents, which can affect
echocardiographic measurements [38]. Additionally,
it was speculated a2-adrenergic receptor agonists
effect the echocardographic values and it is possible
that their results would differ from those obtained in
conscious rabbits [13]. According to our knowledge
there are no normative echocardiographic values on
rabbits at different age, sex and body weight using pre
anaesthetics. The goals of this study are to 1) establish
normal values for the commonly used two-dimensional
(2D) M-mode parameters using pre anaesthetics and
2) evaluate the effects of age, sex, and body weight
on echocardiographic parameters in clinically healthy
New Zealand rabbits.

MATERIALS AND METHODS

Animals

We used a total of 49 New Zealand rabbits, male
and female, of three different ages: three months, includ-
ing nine males (group 1) and seven females (group 2);
six months, with eight males (group 3) and nine females
(group 4); and nine months, of which eight were males
(group 5) and eight were females (group 6). These rabbits
were obtained from the Experimental Animals Breeding
Department of Mehmet Akif Ersoy University, Burdur,
Turkey. The rabbits were housed in stainless steel cages
in a controlled environment at temperatures of 20 to 25°C
with a 12:12-h light-dark cycle, and were fed a standard
pellet diet and water ad libitum. The rabbits were healthy
and showed no signs of cardiovascular or respiratory tract
disease following a physical examination that included
careful thoracic auscultation and assessments of heart
rate, body temperature, capillary refill time, and mucous
membranes. After the physical examinations, erythrocytic
parameters (red blood cell, hemoglobin, hemotocrit, mean

cell volume, mean cell hemoglobin, mean cell hemo-
globin concentration, red cell distribution width) were
performed to determine if there were any signs of anemia.
Age, sex, weight, and BSA were recorded for each rabbit.
BSA was calculated using method [11]:

BSA= 0.00718 x Height %> x Weight %42

Echocardiography

The examination was conducted under light
anaesthesia; the animals were anaesthetised by in-
tramuscular injection of a midazolam (Dormicum®)!
and allowed to breathe spontaneously. Transthoracic
2D M-mode echocardiography was performed using
a commercially available digital cardiac ultrasound
platform equipped with an 8 MHz short focal-length
micro convex transducer (DC 6-Vet®)?. The rabbits
were placed in right lateral recumbency to obtain right
parasternal views, and the age, sex, BSA, and weight
were recorded for each subject. Echocardiography was
stopped if a rabbit was observed to be very stressed.
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Figure 1. Right parasternal short-axis view of the papillary muscle. 1:
Interventricular septum thickness in diastole, 2: Left ventricular internal
diameter at end-diastole, 3: Left ventricular posterior wall thickness in
diastole, 4: Interventricular septum thickness in systole, 5: Left ventricular
internal diameter at end-systole, 6: Left ventricular posterior wall thick-
ness in systole.

Echocardiographic examination and measure-
ments were acquired following the standard protocols
defined for small animals [3]. These measurements
were obtained in the right parasternal short-axis view
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of the papillary muscle (Figure 1), the right parasternal
view of the heart base and aorta (Figure 2), and the
right parasternal view of the atrioventricular valve.
The measurements included interventricular septum in
diastole (IVSTd) and systole (IVSTs), left ventricular
internal diameter at end-diastole (LVIDd) and end-
systole (LVIDs), and left ventricular posterior wall
thickness in diastole (LVPWd) and systole (LVPWs).
Cross-sectional left atrial (LAd) and aortic root (AOd)
diameters were determined and ratio of LA to AO was
calculated using these data [30]. The right parasternal
short-axis mitral valve level view was used for to
measure the E-point septal separation (EPSS) interval
in the mitral valve plane. Echocardiographic measure-
ments were performed using leading-edge-to-leading-
edge conventions outlined by the American Society
of Echocardiography [34]. Fractional shortening was
computed using the equation [(LVIDd - LVIDs) /
LVIDd] x 100%, and ejection fraction was calculated
using the Teichholz formula [39]. The specimens’
pointwise measurements were replicated three times
for each rabbit.
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Figure 2. Right parasternal short-axis view of the aortic valve. 1: Cross-
sectional left atrial diameter, 2: Aortic root diameter.

Statistical analysis

Statistical analyses were performed using
SPSS software, version 19.0, for Windows?. The
data are reported as means, standard deviations
(SDs), and ranges. Blood count and echocardio-
graphic parameters are reported as means, standard
deviations (SDs), and 95% confidence intervals. A
one-way analysis of variance (ANOVA) was used
to test the effects of age or body weight on echo-
cardiographic parameters and the Bonferroni test
was used in post hoc analysis to determine whether

these differences were significant. The differences
between male and female rabbits were analysed
using the student ¢-test. For the non-parametric
distribution, Mann-Whitney tests were used. Pear-
son correlation analysis was conducted to assess
whether the rabbits’ weight and age differences
were related to differences in their echocardio-
graphic parameters. The level of significance was
set to (P < 0.05) for all analyses.

RESULTS

Physical and clinical examination

All the rabbits were in good health following
physical examination, and all their haematological pa-
rameters were within the reference ranges. During the
procedure no significant changes from baseline values
were observed in any rabbit. The mean BW was 2018
+ 173.45 g and 4413 = 355.45 g at the beginning and
end of the study, respectively. There were no significant
differences in heart rate or body temperature between
the different age groups, though body weight, BSA,
body length, and chest circumference did vary signifi-
cantly between age groups. There were no significant
differences in age, body temperature, or heart rate along
sex lines (Table 1).

The hematocrit value on this study: Group 1=
41.53% =+ 2.89, group 2= 41.37% + 2.54, group 3=
46.29% + 5.02, group 4= 44.98% =+ 3.84, group 5=
48.67% + 3.85, group 6= 47.67% = 1.69. It was also
found that the hematocrit value of male rabbits was
slightly higher than that of female rabbits in all age
groups.

Effect of age and body weight on echocardiographic
parameters

Table 2 shows the P-values obtained for the
age and echocardiographic parameters of the rabbits.
IVSTd, LVIDd, LVPWd, IVSTs, LVIDs, LVPWs,
EPSS, EF%, LAd, and AOd were varied significantly
as a function of age and body weight. FS% was 34.43
+ 3.88, 32.39 + 2.49 and 31.39-33.60 respectively
age groups. Lad:AOd was 1.17 + 0.03, 1.20 £ 0.03
and 1.18 + 0.05 respectively in age groups. The dif-
ferences in FS% and Lad:AOd were not statistically
significant. Table 3 shows the P-values obtained for
each sex and age and the related echocardiographic
parameters.
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Table 1. The clinical characteristics and circumferential measurements of the age groups.

Body weight BSA Body length Chest Body temperature
Group (2) (m2) (cm) circumference (cm) Heart Rate °O)
Group 1+Group 2
(n:16) 2018+ 17345  0.17+0.01  40.3+2.38 30.5+0.89 190 + 6.64 38.8+0.10
Mean + SD (1625-2235)  (0.15-0.19) (34-44) (30-32.5) (180-204) (38.5-39)
(ChH
Group 3+Group 4
(n:17) 3494+ 132.69  025+0.01 454247 372+1.34 187 £9.01 38.7+0.10
Mean + SD (3259-3709)  (0.25-0.27) (42-51) (35-40) (176-212) (38.3-38.9)
(CI)
Group 5+Group 6
(n:16) 4413+£35545 030001 524322 42.2 +1.90 189 + 10 38.7+0.10
Mean = SD (4045-4948)  (0.29-0.33) (47-57) (40-45) (180-196) (38.4-38.8)
(CDH
P 0.001##* 0.001 ##* 0.001 ##* 0.001 ##* 0.506 0.380
SD: Standart deviation; CI: Confidence interval 95%; ***(P < 0.001).
Table 2. Age related echocardiographic parameters.
Group 1+Grup 2 Group 3+Group 4 Group 5+Group 6
(n:16) (n:17) (n:16)
Value Mean+SD Mean+SD Mean+SD P
(CI) (CI) (€D
0.23 +0.02° 0.28 = 0.02 0.35+ 0.02
IVSTd (cm) (0.22-0.24) (0.26-0.30) (0.33-0.36) 0.001
1,20+ 0.03 1.33+0.03" 1.41 +0.08
LVIDd (em) (1.18-1.22) (1.31-1.35) (1.36-1.45) 0.001
0.21 +0.03¢ 0.33 = 0.03" 0.45 + 0.05¢
LVPWd (em) (0.19-0.23) (0.31-0.35) (0.42-0.47) 0.001
0.30 £ 0.04° 0.43 = 0.04° 0.50 + 0.02¢
IVSTs (cm) (0.28-0.32) (0.41-0.45) (0.48-0.52) 0.001
0.77  0.05 0.90 = 0.04° 0.95+0.07¢
LVIDs (cm) (0.74-0.80) (0.88-0.92) (0.91-0.98) 0.001
0.34 4 0.05 0.52 % 0.04° 0.59 + 0.04¢
LVPWs (cm) (0.31-0.37) (0.49-0.54) (0.56-0.61) 0.001
0.09 +0.01° 0.11+0.01° 0.15+0.01¢
EPSS (em) (0.08-0.10) (0.10-0.12) 0.14-0.17) 0.001
63.50 + 3.94° 58.58 +2.820 58.93 +3.88
0, ok
EF% (61.39-65.60) (57.13-60.04) (56.86-61.01) 0.001
34.43 +3.88 32.39+£2.49 32.50 4 2.06
0,
FS% (32.36-36.50) (31.01-33.57) (31.39-33.60) NS
0.73 + 0.03¢ 0.87 = 0.03° 1,13+ 0.05¢
LAd (em) (0.72-0.75) (0.85-0.89) (1.10-1.16) 0.001
0.62 + 0.03 0.72 = 0.03 0.96 + 0.07¢
LAd (cm) (0.60-0.64) (0.70-0.74) (0.91-1.00) 0.001
1.17£0.03 1.20 £ 0.03 1.18 £ 0.05
LAd/AOd (1.15-1.19) (1.18-1.22) (1.15-1.20) NS

SD: Standart deviation; CI: Confidence interval 95%; ***(P < 0.001), **(P < 0.01),*(P < 0.05); NS: Not signifi-
cant. Different superscript letters in the same line are given where significant differences (P < 0.05) were detected

with post hoc comparisons among age groups ANOVA.
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Table 3. Echocardiographic parameters for each sex and age.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Value Mean = SD Mean = SD Mean = SD Mean += SD Mean + SD Mean = SD P
(ChH (ChH (ChH (ChH (ChH (ChH
0.22 £ 0.02° 0.25+0.01° 0.29 £ 0.01¢ 0.27 £ 0.03% 0.36 £ 0.02¢ 0.34 +0.02¢
IVSTd (em) (0.20-0.24) (0.23-0.26) (0.27-0.30) (0.24-0.30) (0.26-0.41) (0.32-0.35) 0.001
1.21 £ 0.03 1.18 £ 0.03 1.34 £0.03° 1.32 +£0.03° 1.43 £0.07¢ 1.44 £ 0.07¢
LVIDd (cm) (1.18-1.23) (1.15-1.22) (1.31-1.38) (1.29-1.34) (1.31-1.44) (1.37-1.50) 0.001
0.20 = 0.02° 0.23 £0.03 0.35 £0.03° 0.32£0.01° 0.45 + 0.04¢ 0.44 = 0.05¢
LVPWd (cm) (0.18-0.21) (0.19-0.26) (0.31-0.38) (0.31-0.33) (0.41-0.49) (0.39-0.49) 0.001
IVSTs (cm) 0.29 £ 0.04° 0.32 £ 0.02° 0.42 +0.04° 0.44 £ 0.03° 0.49 £ 0.02¢ 0.50 + 0.02¢ 0.001"**
(0.25-0.33) (0.30-0.34) (0.38-0.46) (0.41-0.46) (0.48-0.51) (0.48-0.52) '
LVIDs (cm) 0.77 £ 0.06 0.77 £ 0.05° 0.91 +0.03° 0.89 +0.04° 0.99 + 0.04¢ 0.98 + 0.04¢ 0.001"
(0.73-0.82) (0.72-0.82) (0.87-0.94) (0.85-0.92) (0.97-1.02) (0.95-1.02) '
0.32 +0.04* 0.37 +0.05° 0.51 £0.04° 0.52 £0.03° 0.58 +0.03¢ 0.59 +0.05¢
LVPWs (cm) (0.28-0.36) (0.33-0.42) (0.47-0.55) (0.49-0.55) (0.55-0.62) (0.56-0.64) 0.001
0.09 =0.01° 0.09 = 0.01° 0.11 £0.01° 0.11 £0.01° 0.15+0.01¢ 0.15 +0.01¢ -
EPSS (em) (0.08-0.09) (0.08-0.09) (0.10-0.11) (0.10-0.12) (0.14-0.15) (0.14-0.15) 0.001
EFY% 64.11 £3.62*  62.71 £+4.49* 57.12+339%° 57.88+1.36™ 60.87 +£3.75® 59.00+3.11° 0,001
v (61.32-66.89)  (58.5-66.87)  (54.21-59.90)  (55.84-60.93)  (57.73-64.01)  (56.39-61.13) '
FS% 34.11+3.55 34.85+4.52 3237+2.92 3222+2.22 33.50+2.26 31.50 £ 1.30 NS
’ (31.38-36.84)  (30.67-39.04)  (29.92-34.82) (30.51-33.93)  (31.60-35.39)  (30.40-32.59)
LAd (cm) 0.75 +£0.03* 0.72 £ 0.02* 0.88 £0.01° 0.86 £ 0.03° 1.13 £ 0.05¢ 1.13 +£0.07¢ 0,001
(0.72-0.78) 0.70-0.74) (0.87-0.90) (0.83-0.89) (1.08-1.17) (1.07-1.19) ’
AOd (cm) 0.64 = 0.04* 0.60 = 0.02 0.73 £0.02° 0.71 £0.03° 0.96 + 0.08¢ 0.96 +0.07¢ 0.001°
(0.61-0.67) (0.58-0.62) (0.71-0.75) (0.69-0.74) (0.88-1.03) (0.89-1.02) ’
1.16 +0.03 1.18 £0.02 1.20 £ 0.04 1.20 £ 0.03 1.18 +0.04 1.17 £ 0.04
LAd/AOd (1.13-1.19) (1.16-1.21) (1.16-1.24) (1.17-1.22) (1.16-1.20) (1.13-1.21) NS

SD:Standart deviation; CI: Confidence interval 95%; **#(P < 0.001),**(P < 0.01),*(P < 0.05); NS: Not significant. Different superscript letters in the
same line are given where significant differences (P < 0.05) were detected with post hoc comparisons among age groups ANOVA.

DISCUSSION

New Zealand white rabbits are effective subjects
for cardiological research because their size makes
surgical manipulation of the heart more feasible than in
other small laboratory animals, and they are cheaper to
procure and maintain than dogs. Another benefit is that
the kinetics of calcium and composition of myosin in the
rabbits are similar to those in human myocardium [17].

The growth of the rabbits is affected by their
genotype [22], sex [20], age [2,15], ambient temperature
[6,29], maintenance and feeding [12,23]. New Zealand
rabbits are considered kittens in the first trimester after
birth, completing puberty in their fifth month [22,23].
New Zealand rabbits complete their growth after eighth
months under optimal conditions [26].

Echocardiography is an invaluable tool in the
field of veterinary cardiology, serving as a non-invasive

means of examining cardiac function and anatomy
[3]. It is important to note that an echocardiographic
examination is only part of a thorough cardiovascular
evaluation, which should include clinical, electrocar-
diographic and radiographic examinations as well
[18]. Animal models of cardiovascular disease have
made such examinations increasingly significant tools
in cardiovascular research [38]. Pet rabbits have been
diagnosed with cardiac diseases, and an understanding
of the animals’ cardiac chamber dimensions is vital in
assessing the diseases’ severity and prognoses [21].
Reports describing congenital or acquired cardiac
diseases in rabbits are being published more often [24,40].
Itis increasingly recognised that aging results in changes
in left ventricular (LV) function and structure that can play
an important role in modulating cardiovascular responses
to disease [31]. Animal models of cardiovascular diseases
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provide researchers with important insight into patho-
physiological processes, and they are necessary tools for
the development of new therapies [41].

Anaesthesia may have a profound effect on
cardiac function, but there is little information avail-
able regarding its effect on cardiac function in rabbits
[38]. Sedation can be achieved by administering 0.5
to 1 mg/kg midazolam intramuscularly with a minimal
cardiovascular depression [36]. It has been reported the
effects of midazolam preparations on the cardiovascu-
lar and autonomic nervous system can be overlooked
[16]. In this study, 1 mg/kg of midazolam was used for
sedation in rabbits.

Rabbit anemia may be classified by size mean
cell volume (MCH) and hemoglobin concentration
(MCHC). Red blood cell (RBC) counts and hematocrit
(HCT) vary with age, sex, and breed; however, most
normal rabbits have Hct of 33% to 50%. Hct, along
with MCH and MCHC, are calculated based on direct
measurements in these instruments. Zehnder et al. [42]
has reported that anemia changes echocardiographic
parameters of the heart. Male and older animals tend
to have higher values than female and younger animals
[14]. On the other hand, Ozkan et al. [27] found that
the hematocrit value in New Zealand white rabbits did
not change depending on sex.

Fontes-Sousa et al. [13] speculate that cardiac
measurements do not increase with increased weight
after rabbits reach maturity, but the authors did not
have access to literature about age and body weight
on growing echocardiographic parameters of New
Zealand White Rabbits.

In dogs, the left ventricle internal diameter dou-
bles during the first two months of growth [9,37] and
then grows slowly until the dogs’ seventh month [10].
In Spanish foals, the left ventricular chamber increases
faster its’ diameter between three to six months of age
in females [32]. In our study, left ventricular chambers
and internal diameters increased in the three, six, and
nine-month-old groups. However, IVSTd differed sig-
nificantly between the sex groups of three-month-old
rabbits. Age’s effects on changes in ventricular and
atrial geometry are still under debate [7].

EPSS is a distance between interventricular
septum and the E point of the mitral valve is considered
a practical and useful clinical index of the left ven-
tricular inflow blood and hence of the left ventricular
function [33]. Poser et al. [28] determined that EPSS

is significantly correlated with BW and age in growing
sheep. This is considered a functional systolic param-
eter which increases in cases of myocardial failure.
In dogs, this is not influenced by sex, age, breed [19].
EPSS is significantly different among the different age
groups in this study.

The cardiac indices obtained from the measured
parameters (LAd:AOd, FS%, and EF%) were not in-
fluenced by body weight, age, or body surface area in
beagles during their growth [10]. Among the functional
parameters, the FS% is not significantly correlated with
BW, age, or HR in growing sheep [28]. In Dwarf Lops,
French Lops and Alaskan rabbits Lad:AOd and FS%
were found to be independent of body weight, age, and
sex, making them robust clinical parameters [5]. This
study did not find FS% to significantly vary with BW
or age, which reinforces the practicality of these indices
for determining cardiac function independently of other
parameters, such as age or corporeal dimensions. How-
ever, EF% has correlated negatively with body weight
and age in dogs [8]. Our study showed a decrease in EF%
from the three to six-month-old rabbits and no significant
difference between the six and nine-month groups. This
might indicate the necessity of more periodical analysis
of echocardiographic parameters.

This study demonstrates that age is a variable
that should be considered for the establishment of
accurate reference values for dimensional echocardio-
graphic parameters in New Zealand rabbits. In contrast,
sex appears to have no effect on echocardiographic
parameters expect FS%, Lad:AOd.

CONCLUSION

We have presented the normal echocardio-
graphic parameters for growing New Zealand rabbits.
Even if transthoracic echocardiography is a challenging
technique due to a poor acoustic window, it represents
the simplest and easiest tool for assessing cardiovas-
cular function for research purposes in growing rabbit.
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