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Abstract
Objective- The aim of the present survey was to evaluate whether the results of cardiac measurements
using the VHS are a useful indicator of the origin of normal rabbits.
Design- Experimental study.
Animals- Forty seven adult healthy New Zealand White rabbits (25 male, 22 female) with age 10-18
months and weight 1.5-2.5 Kg.
Procedures- To assess the influence of breed on the vertebral heart scale of rabbits, the VHS was
measured and compared on left to right and right to left lateral views. Lengths of the long and short axis
were determined with a ruler in millimeters. The dimensions were scaled against the length of the
vertebrae beginning with the fourth thoracic vertebra.
Results- Mean ± SD long axis dimensions were 4.3 ± 0.30 vertebrae and mean ± SD short axis
dimensions 3.1 ± 0.32 vertebrae. The VHS was 7.6±0.32 vertebrae (mean ± SD) on right-to-left lateral
and 7.3± 0.31 vertebrae on left-to-right lateral radiographs. The obtained VHS on right to left lateral
views were larger than left to right lateral radiographs, nevertheless no significant differences were
observed in RL-long axis and RL-vertebral heart size (P>0.05).
Conclusion and Clinical Relevance- The vertebral heart scale method is easy to use and objective for
clinical practice. The obtained data showed that the long axis and short axis of the heart had not
significantly different in male and female rabbits together. Also, no significant changes were observed
according to age. These values are useful as new diagnostic indices for cardiac disease in rabbits.
Key Words- New Zealand white, Rabbit, Vertebral heart scale (VHS).

However, while some reports have described the
evaluation of cardiac size using VHS in cross breeds of
rabbit3, none have provided information for New
Zealand White rabbits. Different methods have been
developed to evaluate the animal's cardiac silhouette on
thoracic radiographs. Comparison of the cardiac
silhouette with previous radiographs of the same animal
or with radiographs of an animal of the same breed and
size can be inaccurate when made by inexperienced
observers.4 A frequently used tool to quantify cardiac
size is the vertebral heart size (VHS), which is based on
the strong correlation between heart weight and body
length in cats.2,3 Radiological evaluation of the exotic
animal thorax is one of the most important and
frequently performed diagnostic tests in small animal
practice.1,5 Important information about heart disease is
often obtained from thoracic radiographs. Domestic
rabbits vary in size based on sex, neutering status, age
and time of year.1 There are more variations in the
normal canine heart than in any other organ, and the
heart is inherently variable in size because of its

Introduction
The companion rabbits (Ocyctolagus cuniculus) are
increasing in popularity as a pet in Iran. Cardiac
diseases are highly emergent events among exotic
animals, special in companion rabbits.1 As in other pet
species, diagnosis of cardiac disease is made using a
combination of history, physical examination findings
and diagnostic testing, usually including thoracic
radiography.1 Imaging studies are important for
definitive diagnosis before treatment in small animals
particular rabbits.1 Chest radiography is easier to
perform than echocardiography in many animals such as
dog and cat.2 Cardiac size are evaluated primarily using
vertebral heart size (VHS) as reported in dogs and many
other animals.1,2
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contractility during the cardiac cycle. Additionally,
there is considerable breed variation with regards to
normal heart size and shape in different species.4,6
Thoracic radiographs are very helpful in the diagnosis
of heart disease and provide information available with
any other modalities. The vertebral heart scale is a
method for objectively evaluating the dimensions of the
cardiac silhouette in thoracic radiograms. Using this
method, the cardiac long and short axes are measured on
the lateral thoracic view and are then compared with the
thoracic spine. The VHS is the vertebral scale sum of
the long and short axes, each measured caudally from
the cranial edge of the 4th thoracic vertebra.7 Normal
VHS values have been established for cats8,9 and
ferrets10 as well as for different canine breeds.4, 6, 11, 12
The aim of the present study was to identify relational
expressions that can be used in diagnosing cardiac
disorders in rabbits. The obtained results will be a useful
indicator for the origin of normal rabbits, so we
attempted to determine standard cardiac dimensions in
this breed of rabbits with using of VHS.

edge of fourth thoracic vertebra (T4) was measured
caudally. The distance of the caudal caliper point was
estimated to the nearest 0.1 centimeter. The short axis
was measured at the level of the dorsal border of the
caudal vena cava to reflect left atrium. The
measurements of the long and short axes were recorded
in terms of the numbers of vertebrae covered and the
two numbers were then added together to give the value
of the VHS in each RL and LL views (Fig.1 and 2).
Radiographs were surveyed by only person.
Statistical analysis
All statistical analyses were performed using SPSS
version 16 software package. For all measurements, the
mean± standard deviations (SD) were calculated. For all
animals, a paired t-test was used to determine
differences between mean averages of the LVHS (left
vertebral heart scale) to RVHS (right vertebral heart
scale) views, RVHS and LVHS of two sexes (male and
female), as separated tests and pearson correlation test
to find relationship between sex and measurement of
LVHS and RVHS. For all statistical test, values of
p<0.05 were considered significant.

Materials and Methods
Forty seven adult healthy rabbits were selected for the
study from New Zealand breed (25male, 22female). The
healthy rabbits were 10-18 month old (mean, 15 month),
and weighed between 1.5-2.5 kg (mean, 2.1 kg). The
rabbits were privately owned and had normal
cardiovascular examinations based on history, physical
examination, auscultation and electrocardiogram. The
rabbits were anesthetized with intramuscular ketamine
(20 mg/kg) and acepromazine (0.02 mg/kg).10
Radiographs were taken during inspiration.1 The
radiographic examinations included left lateral (LL) and
right lateral (RL) recumbency views.
In lateral
radiographs of rabbits, the cardiac long axis was
measured from the ventral border of the left main stem
bronchus to the cardiac apex in centimeter.
Measurement was made with a standard caliper on each
of the radiographs using the method described by
Buchanan and Bucheler.2 The radiographs were
analyzed independently by each author, and the results
tabulated. The caliper was then repositioned over the
thoracic vertebrate, and the distance from the cranial

Results
The sum of the long and short axis of the heart (VHS)
was compared with the number of vertebrae (T4) in
New Zealand rabbits. Distribution of VHS range was
6.9 to 7.8 vertebrae (Fig 1 and 2). The mean± SD of
short axes were 3.1 ± 0.32 vertebrae and the mean ± SD
of long axes were 4.3 ± 0.30 vertebrae. VHS in females
was (7.3 ± 0.31 in LR, and 6.9± 0.28 in RL) and in
males was (7.8 ± 0.33 in LR, and 7.4±0.34). In this
study, the size of the heart takes up space in the chest
was also compared. The value obtained is 2 -2.5
intercostal space. No significant difference was found
between males and females. Also in this study no
significant changes were observed according to age. The
mean age of females (1.3 years) was lower than that of
males (1.4 years). Mean weight of females was 2.1 kg
versus 1.8 kg for males. The mean age of females and
males was equal (1.35 years).

Table 1- Radiographic measurements divided by gender in New Zealand White Rabbits (Left to right)
Measurement
Male
Female
Male and Female

VHS (mm)

Long axis (mm)

Short axis (mm)

mean±SD
7.8±0.33
7.3±0.31
7.6±0.32

mean±SD
4.5±0.23
4.2±0.27
4.3±0.30

mean±SD
3.3±0.30
3.1±0.32
3.2±0.25
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Table 2- Radiographic measurements divided by gender in New Zealand White Rabbits (Right to left)
Measurement
Male
Female
Male and Female

VHS (mm)
mean±SD
7.4±0.34
6.9±0.28
7.3±0.31

Long axis (mm)
mean±SD
4.2±0.30
3.9±0.29
4.16±0.32

Short axis (mm)
mean±SD
3.2±0.32
3.0±0.22
3.1±0.31

Figure 1- Right lateral position (RL) radiographic view of a
normal thorax.

Figure 2- Right lateral position (RL) radiographic view of a
normal rabbit thorax. LA: long axis; SA: short axis; VHS=
LA+SA.

Discussion

enhancing the clinical significance of this study. Onuma
et al. with study on 27 rabbits, observed significant
differences (P<0.05) in RL-long axis (RL-LA) and RLvertebral heart size (RL-VHS). RL-LA was 4.22±0.25
and 4.48±0.3, and RL-VHS was 7.55±0.38 and
7.99±0.58 vertebrae, in the <1.6 kg (n=12) and >1.6 kg
(n=15) groups, respectively.3 Stepien et al. showed that
ventrodorsal views were larger than corresponding
measurements in lateral views.10 Weight and most
absolute measurements differed significantly between
male and female ferret (P<0.05), but the differences in
absolute measurements were not apparent when related
to measures of body size (Ratio and modified VHS
methods).10 A significant difference was also found
between right-to-left (left lateral recumbency) and leftto-right lateral (right lateral recumbency) radiographs,
with a larger VHS on left-to-right lateral views.3 In our
study, the mean VHS of all groups of rabbits (male and
female) on the left to right lateral radiographs were
7.3±0.3 and for right to left lateral were measured
7.6±0.3 vertebrae. As well as, for all rabbits, the mean
VHS on right to left lateral radiographs had not
significant difference compared with the mean VHS in
left to right radiographs. We think that in clinical
practice the lateral radiographic position may be
preferred to the VD position, because the lateral
radiographic position is more comfortable and causes
less stress for the patients with suspected cardiac
disease. It can be due to their particular cecum.

In veterinary medicine determination of heart size is
important in evaluating patients with heart disease. In
this study heart sizes were compared with thoracic
vertebrae in 47 clinically normal rabbits (New Zealand
breed) without thoracic radiographic abnormalities. It
was aimed to determine the heart sizes of rabbits
according the vertebral heart size (VHS). The VHS is a
method for objectively determining the size of the
canine cardiac silhouette on thoracic radiographs.4,11,12
This technique is particularly useful for evaluating the
cardiac enlargement associated with eccentric
hypertrophy due to volume overload.13,14 It is easy to
perform, and the measurements are relatively
independent of both patient related (i.e., thoracic
conformation, gender and side of lateral recumbency).3
Little reports have described cardiomyopathy,
valvulopathy, endocarditis and ventricular septal defect
among cardiac diseases in rabbits, and these diseases
have been evaluated by auscultation of heart murmurs,
echocardiography, or electrocardiography.1,3 Since the
rabbit has a narrow thoracic cavity compared with other
mammals and a large heart relative to the thoracic cavity
even in a normal state, special evaluation criteria are
necessary. In particular, chest radiography provides
important information concerning cardiac dilation. In
rabbits, evaluation criteria based on VHS as a common
index of cardiac dilation have yet to determined,
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females and 7.8 ± 0.33 vertebrae in males. As observed
above, among the measured items, RL-VHS in
particular should be added as a new item of
measurement for predicting cardiac function in rabbits,
as well as in other animals. In this study rabbit heart size
were compared with intercostals space. The values
obtained in male and female rabbits 2 to 2.5 intercostal
spaces, respectively. In conclusion, the obtained data
showed that the long axis and short axis of the heart had
not significantly different in male and female rabbits
together. Also, no significant changes were observed
according to age. The results are a prelude for future
studies.

Various reports in cats and dogs have suggested that
relating absolute cardiac measurements to a thoracic
feature reflective of body size would minimize false
positive diagnoses of cardiomegaly related to body size
or magnification of the radiographic image.15,16,17 The
mean VHS in dogs of Whippet breed on lateral
radiographs was significantly larger than the VHS
reported by Buchanan and Bucheler.6 Rabbit thoracic
cavity morphology is fairly consistent, but the body
weight of intact rabbits can vary depending on sex, time
of year and breeding status.3 Due to the divergent X-ray
beam and the left-sided position of the heart within the
thorax, the degree of enlargement of the cardiac
silhouette is always larger on left-to-right lateral than on
right-to-left lateral radiographs.6 The degree of
enlargement also depends on the relation between the
distances from tube to object and object to film.6
Gravity and tilting of the heart within the thorax due to
different recumbent positions also influence the cardiac
silhouette.13 in this study, distribution of VHS range
was 5.5 to 6.9 vertebrae. The mean ± SD of short axes
were 2.3 ± 0.32 vertebrae and the mean ± SD of long
axes were 4.3 ± 0.30 vertebrae. VHS was 7.3 ± 0.31 in
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ﻧﺸﺮﻳﻪ ﺟﺮاﺣﻲ داﻣﭙﺰﺷﻜﻲ اﻳﺮان
ﺳﺎل  ،2015ﺟﻠﺪ ) 10ﺷﻤﺎره  ،(1ﺷﻤﺎره ﭘﻴﺎﭘﻲ 22

ﭼﻜﻴﺪه
اﻧﺪازهﮔﻴﺮي ﺷﺎﺧﺺﻫﺎي رادﻳﻮﮔﺮاﻓﻲ ﻗﻠﺐ ﺑﺮ اﺳﺎس ﻣﻘﻴﺎس ﻣﻬﺮهاي )(VHS

در ﺧﺮﮔﻮشﻫﺎي ﺳﻔﻴﺪ ﻧﻴﻮزﻳﻠﻨﺪي
ﻋﺒﺪاﻟﻮاﺣﺪ ﻣﻌﺮﺑﻲ ،ﺑﻬﻤﻦ ﻣﺼﻠﻲﻧﮋاد* ،ﻋﻠﻴﺮﺿﺎ ﻏﺪﻳﺮي ،رﺿﺎ آوﻳﺰه
ﮔﺮوه ﻋﻠﻮم درﻣﺎﻧﮕﺎﻫﻲ ،داﻧﺸﻜﺪه داﻣﭙﺰﺷﻜﻲ ،داﻧﺸﮕﺎه ﺷﻬﻴﺪ ﭼﻤﺮان اﻫﻮاز ،اﻫﻮاز ،اﻳﺮان.

ﻫﺪف -ﻫﺪف از اﻧﺠﺎم ﺗﺤﻘﻴﻖ ﺣﺎﺿﺮ ،ارزﻳﺎﺑﻲ ﻧﺘﺎﻳﺞ ﺣﺎﺻﻞ از اﻧﺪازهﮔﻴﺮيﻫﺎي ﻗﻠﺒﻲ ﺑﺮ اﺳﺎس  VHSاﺳﺖ ﻛﻪ ﻣﻲﺗﻮاﻧـﺪ ﺑﻌﻨـﻮان ﻳـﻚ ﺷـﺎﺧﺺ
ﻣﻨﺎﺳﺐ ﺑﺮاي ﺧﺮﮔﻮشﻫﺎي ﺳﺎﻟﻢ ﻣﻄﺮح ﺑﺎﺷﺪ.
ﻃﺮح -ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑﻲ
ﺣﻴﻮاﻧﺎت 47 -ﺳﺮ ﺧﺮﮔﻮش ﺳﺎﻟﻢ از ﻧﮋاد ﺳﻔﻴﺪ ﻧﻴﻮزﻳﻠﻨﺪي ) 25ﺳﺮ ﻧﺮ و  22ﺳﺮ ﻣﺎده( ﺑﺎ ﺳﻦ  10-18ﻣﺎه و وزن  1/5 -2/5ﻛﻴﻠﻮﮔﺮم
روشﻛﺎر -ﺑﺮاي ﺑﺮرﺳﻲ ﺗﺎﺛﻴﺮ ﻧﮋاد ﺑﺮ روي  ،VHSرادﻳﻮﮔﺮاﻓﻲ از ﻧﻤﺎي ﺟﺎﻧﺒﻲ ﺧﻮاﺑﻴﺪه ﺑﻪ راﺳﺖ و ﭼﭗ ﺗﻬﻴﻪ و اﻧـﺪازهﮔﻴـﺮي ﺷـﺪ .در راﺳـﺘﺎي
اﻧﺠﺎم اﻳﻦ ﺗﺤﻘﻴﻖ ،ﻃﻮل ﻣﺤﻮر ﺑﻠﻨﺪ و ﻛﻮﺗﺎه ﻗﻠﺐ ﺗﻮﺳﻂ ﺧﻂﻛﺶ اﺳﺘﺎﻧﺪارد و ﺑﺮ ﺣﺴـﺐ ﻣﻴﻠـﻲﻣﺘـﺮ ﺗﻌﻴـﻴﻦ ﺷـﺪ .اﻧـﺪازهﻫـﺎي ﺑﺪﺳـﺖآﻣـﺪه از
ﭼﻬﺎرﻣﻴﻦ ﻣﻬﺮه ﺳﻴﻨﻪاي ﺑﻪ ﺑﻌﺪ و ﺑﺮ اﺳﺎس ﺗﻌﺪاد ﻣﻬﺮهﻫﺎ ﻣﺸﺨﺺ ﮔﺮدﻳﺪ.
ﻧﺘﺎﻳﺞ -ﻣﻴﺎﻧﮕﻴﻦ  ±اﻧﺤﺮاف ﻣﻌﻴﺎر ﻣﺤﻮر ﺑﻠﻨﺪ ﻗﻠﺐ  0/30 ±4/30و ﻣﺤﻮر ﻛﻮﺗﺎه  0/32 ± 3/1اﻧﺪازه ﻣﻬﺮه ﺑﺪﺳﺖ آﻣﺪ .ﻣﻴﺎﻧﮕﻴﻦ  ±اﻧﺤﺮاف ﻣﻌﻴﺎر
 VHSدر ﻧﻤﺎي راﺳﺖ ﺑﻪ ﭼﭗ  0/32±7/6و در ﻧﻤﺎي ﭼﭗ ﺑﻪ راﺳﺖ  0/31±7/3ﻣﻬﺮه ﺑﻮد VHS .ﺑﺪﺳﺖ آﻣﺪه در ﻧﻤﺎي ﺟﺎﻧﺒﻲ ﺧﻮاﺑﻴﺪه ﺑﻪ
ﭼﭗ ﺑﻴﺸﺘﺮ از ﻧﻤﺎي ﺧﻮاﺑﻴﺪه ﺑﻪ راﺳﺖ ﺑﻮد ،ﺑﺎ اﻳﻦ وﺟﻮد ﺗﻔﺎوت ﻣﻌﻨﻲداري در اﻧﺪازه ﻣﺤﻮرﻫﺎي ﻗﻠﺐ و ﻣﻴﺰان  VHSدر ﻧﻤﺎي ﺟﺎﻧﺒﻲ ﭼﭗ ﺑﻪ
راﺳﺖ و راﺳﺖ ﺑﻪ ﭼﭗ دﻳﺪه ﻧﺸﺪ ).(P>0/05
ﻧﺘﻴﺠﻪﮔﻴﺮي و ﻛﺎرﺑﺮد ﺑﺎﻟﻴﻨﻲ -ﻣﻘﻴﺎس ﻣﻬﺮهاي ﻗﻠﺐ ) (VHSﻳﻚ روش آﺳﺎن ﺟﻬﺖ ﻛﺎرﺑﺮد در ﻣﻮارد ﺑﺎﻟﻴﻨﻲ ﻣﻲﺑﺎﺷﺪ .اﻃﻼﻋﺎت ﺑﺪﺳﺖ آﻣـﺪه
ﻧﺸﺎن داد ﻛﻪ ﺗﻔﺎوت ﻣﻌﻨﻲداري در ﻣﺤﻮر ﺑﻠﻨﺪ و ﻛﻮﺗﺎه ﻗﻠﺐ ،ﺑﻴﻦ ﺟﻨﺲ ﻧﺮ و ﻣﺎده وﺟﻮد ﻧﺪارد .ﻫﻤﭽﻨﻴﻦ ﺗﻔﺎوت ﻣﻌﻨﻲداري ﺑﺮ اﺳﺎس ﺳﻦ دﻳﺪه
ﻧﺸﺪ .اﻳﻦ ﻣﻘﺎدﻳﺮ ﺑﻌﻨﻮان ﻳﻚ ﺷﺎﺧﺺ ﺟﺪﻳﺪ ﺑﺮاي ﺑﻴﻤﺎريﻫﺎي ﻗﻠﺒﻲ در ﺧﺮﮔﻮش ﻣﻄﺮح ﻣﻲﺑﺎﺷﻨﺪ.
ﻛﻠﻤﺎت ﻛﻠﻴﺪي -ﺳﻔﻴﺪ ﻧﻴﻮزﻳﻠﻨﺪي ،ﺧﺮﮔﻮش ،ﻣﻘﻴﺎس ﻣﻬﺮهاي ﻗﻠﺐ ).(VHS
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