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ABSTRACT

Aim: Assessing the heart and other thoracic structures radiographically is very important, in small
animal practice, when decisions must be made regarding staging a patient with the suspected
cardiac anomaly, deciding about therapy protocols, and monitoring disease progression or
response to treatment. The present work was carried out to generate a value for radiographic
measurement of heart size in the New Zealand White (NZW) rabbit by the cardiothoracic ratio
(CTR).

Materials and Methods: Ten healthy NZW rabbits were used for the study. A dorsoventral (DV)
thoracic radiograph was obtained in each of the animals. Cardiac and thoracic diameters of the ten
rabbits were evaluated to determine a reference value of CTR in normal NZW rabbits.

Results: Mean plus or minus standard error of mean (MtSEM) CTR were 0.54 + 0.01. There was
not a significant difference between male (0.54 + 0.01) and female (0.54 + 0.01) CTR values. There
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was no correlation between sex and CTR.

objective and very easy.

Conclusion: In clinical practice, the application of CTR in radiographic assessment of the heart is

Keywords: Thoracic radiograph; measurement; cardiac diameter; thoracic diameter; cardiothoracic
ratio; Dorsoventral projection; New Zealand White rabbit.

1. INTRODUCTION

Assessing cardiovascular system becomes
important when a decision must be made
regarding staging a patient with the suspected
cardiac disease, deciding about therapy, and
monitoring response to therapy or progression of
disease. Unfortunately, radiographs are not very
accurate for assessing either cardiovascular
function or morphology due to the very wide
range in dogs of the normal cardiac appearance
[1-3]. With respect to the wide range of the
normal cardiac appearance, muscular dogs or
those with a barrel-shaped thorax often have a
heart that appears large. Conversely, the normal
heart in breeds with a laterally compressed but
deep thoracic cavities, such as the greyhounds
and collies, will appear abnormally small,
radiographically. Therefore, whenever the heart
is evaluated, the breed and body physique
should be factored in. In other words, normal
values of heart size should be established for
every breed of animals due to their thoracic
conformational differences. If there is any
suspicion of a cardiac anomaly due to
radiographic appearance or clinical or historical
finding, then echocardiography should be
performed [4].

Patient positioning can also significantly affect
the appearance of the cardiac silhouette [5]. The
most significant effect, perhaps, is the difference
in cardiac silhouette appearance in dorsoventral
(DV) compared with ventrodorsal (VD)
projections. The diaphragm is displaced cranially
in the DV views physically pushing the heart
cranially mostly into the left hemithorax. This
positional displacement is more pronounced in
medium and large dogs than small dogs and
cats. Alternately, the heart in large-breed dogs is
significantly magnified in VD views compared
with DV radiographs [6].

It should be kept in mind that the cardiac
silhouette is composed of tissues other than the
heart. The pericardium, any fluid or tissue in the
pericardial space, and any fluid or tissue in the
mediastinum immediately adjacent to the heart
will blend with the heart, thereby contributing to

the overall size and shape of the cardiac
silhouette. This principle is probably most
important when attempting to evaluate heart size
in obese patients because fat in the mediastinum
will silhouette with heart (border effacement),
increasing the size of the cardiac silhouette.
Occasionally, the mediastinal fat is visualized as
a region of decreased opacity immediately
adjacent to the heart [7].

A number of methods and measurement
techniques have been developed for objective
estimation of cardiac size. One of the most
important of these measurement systems is the
cardiothoracic ratio (CTR). The CTR, developed
by Danzer [8] and cited by Miller et al. [9] and
Baron [10], is a relationship derived by adding
the horizontal distances from the midline to the
most lateral aspect of the right heart border and
the most lateral aspect of the left heart border
and dividing that sum by the maximum horizontal
diameter of the thorax, measured from left
pleural surface to right pleural surface (taken at
the level of the diaphragmatic apices) in a
posteroanterior chest radiograph in humans and
dorsoventral thoracic projection in animals.
Mathematically, CTR = (dg + d,)/wt, where dr
and d, have respectively measured distances of
the most rightward and most leftward borders of
the cardiac silhouette to the spinal column, and
wr is the maximum transverse width of the
thoracic cavity.

Unfortunately, radiologic reports in the rabbits
are very scanty, and there is a dearth of scientific
findings in this field documented for the NZW
rabbit. Therefore, the present work was
conducted to estimate reference measurement
values for size of cardiac silhouette in healthy
NZW rabbits as a basis for radiographic
morphometry of the heart in this breed of animal.

2. MATERIALS AND METHODS

Ten NZW rabbits (5 males) weighing 1.65 — 2.55
kg (average = 2.25 kg), were bought from
breeders and used for this project. The rabbits
were acclimatised for two weeks and given food
ad libitum within that period. Within the



adaptation period, vital parameters taken of the
animals were all within normal values
documented for the rabbit, and so the animals
were adjudged healthy [11] for the radiographic
study. Before radiography, the animals were
chemically restrained with xylazine hydrochloride
(a sedative), given i.m. at 30 mg/kg [12].

Plain dorsoventral DV thoracic projections were
obtained for each rabbit at full inspiration. The
entire thorax, in each case, from the cranial end
of the first rib to a point just caudal to the first
lumbar vertebra, was captured. The x-ray field
was centred at the most prominent parts of the
scapulae for DV views and at the middle of the
4™ intercostal space for lateral views [13,14].
Radiographic measurements on the experimental
radiographs were performed as described below:
(i) Addition of the measured horizontal lengths
from the vertebral column to the most rightward
(dr) and the most leftward (d.) heart borders was
recorded as the cardiac diameter CD [9,10]. (ii)
The horizontal breadth of thorax, from the inner
costal surface, measured at the diaphragmatic
apices, was measured and recorded as the
thoracic diameter TD [9,10].

Cardiothoracic Ratio
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The data obtained were expressed as means
plus or minus standard error of means (M+SEM).
Variables were compared using Pearson’s
product moment correlation coefficient and
Student’s t-test statistics. Statistical significance
was defined at probabilites less than five
percent.

3. RESULTS

A test of the difference between male and female
animals with an individual mean of 0.5360,
pooled mean of 0.5360 and an SD of 0.1838. A t-
test of -0.216 was not significant, which confirms
that there was no difference in mean between
the sexes.

The regression table below is the test of the
relationship between sex and CTR using Simple
Linear Regression Model. The result shows that
there is no significant relationship between Sex
and CTR. A Durbin Watson test was also carried
out to determine the strength of the correlation
between Sex and CTR and a value of 2.434
shows there is no correlation between CTR and
Sex.

Dorsoventral Views

Plate 1. Determining CTR
CTR= (A+B)/C.
Key: A = Most rightward distance from the vertebral column; B = Most leftward distance from the vertebral
column; C = Maximum transverse width of thoracic cavity
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Table 1. CTR values in DV views of the NZW rabbit

S/N Sex TD(cm) CD(cm) CTR(CD/TD)
1 F 54 2.8 0.52
2 F 57 3.0 0.53
3 F 52 2.9 0.56
4 F 4.8 2.6 0.54
5 F 4.5 24 0.53
6 M 55 2.9 0.52
7 M 52 2.8 0.54
8 M 55 2.8 0.51
9 M 4.9 2.8 0.57
10 M 4.6 2.5 0.54
Total 10 51.3 27.5 5.36
Average 5.13 2.75 0.54
Mean 0.54
SEM 0.01
Mean CTR =0.54 + 0.01
Key: TD = Thoracic diameter; CD = Cardiac diameter
Table 2. The CTRs values of male and female NZW rabbits
Females Males
S/N TD(cm) CD(cm) CTR(CD/TD) TD(cm) CD(cm) CTR(CD/TD)
1 54 2.8 0.52 55 29 0.52
2 57 3.0 0.53 52 2.8 0.54
3 52 2.9 0.56 55 2.8 0.51
4 4.8 2.6 0.54 4.9 2.8 0.57
5 4.5 2.4 0.53 4.6 2.5 0.54
Total 25.6 13.7 2.68 25.7 13.8 2.68
Average 5.12 2.74 0.54 5.14 2.76 0.54
Mean 0.54 0.54
SEM 0.01 0.01

Female Mean CTR = 0.54 + 0.01, Male Mean CTR = 0.54 + 0.01, No significant mean sex difference in CTRs
(p<0.05), Key: TD = Thoracic diameter; CD = Cardiac diameter

Table 3. t-Test comparing the CTRs of male and female NZW rabbits

Variables Individual mean Pooled mean SD df t-Test
Female 0.5360 0.5360 0.1838 9 -0.216™
Male 0.5360

" No significant sex difference (p<0.05)

Table 4. Determination of the influence of Sex on the CTRs of NZW rabbits

Variables B SD error t Significance
Constant 0.536 0.009 61.483 0.000
Sex 0.000 0.012 0.000 1.000"
R? 0.000 1.000
F-factor 0.000
Durbin Watson 2.434
"No significant relationship between SEX and CTR (p<0.05)
4. DISCUSSION thoracic width in a dorsoventral projection,
ranges from 0.51 — 0.57 with a mean of

The cardiothoracic ratio (CTR), the ratio of the  0.54+0.01 in the radiographs studied. This mean
widest expanse of the heart relative to the value is well within the “two-thirds rule” for dogs



and cats (Felis sylvestris catus), which states
that a normal heart width should be less than
two-thirds the width of the thorax [13,15]. The
mean CTR, 0.54+0.01, obtained for the NZW
rabbit is close to the reference values of 0.50,
0.55, 0.60 — 0.65, and 0.66 reported for normal
people, psittacine and flying fox species, dogs
and goats, respectively [16,11,17,18,19]. None of
the authors documented any significant (p>0.05)
sex difference in the mean CTR, just like we
observed in the present work.

Accurate cardiac evaluation, especially in subtle
conditions, can be achieved by the application of
the normal CTR for the animal breed concerned
[11,17,18,20]. Causes of a CTR ratio greater
than normal value include cardiac failure, heart
attack, high blood pressure; inability to take deep
breath due to obesity, pregnancy, pectus
excavatum deformity, and ascites [17,21].
On the other hand, reduced heart size relative
to chest volume, termed microcardia, may be
due to wasting diseases or cachexia,
hypovolaemia, asthernia, senile  atrophy,
constrictive pericarditis, and hypoadrenocorticism
[21-24].

5. CONCLUSION

CTR is a diagnostic index for the assessment of
cardiothoracic diseases. However, normal
cardiac silhouette does not rule out the presence
of heart disease. Therefore, in some
circumstances, radiographic findings should be
compared with at least another imaging
observation such as echocardiography or
electrocardiography, in the light of case history,
general examination, and laboratory results.
Clinically, the applicability of CTR in cardiac
assessment is easy and objective. The results of
this study proffer a standard for cardiothoracic
investigation in the NZW rabbit. The present
work evaluated the heart size using dorsoventral
projections of the rabbits. A ventrodorsal cardiac
size determination should also be carried out.
Moreover, further researches should be
embarked upon to extrapolate these results to
other breeds of rabbits.
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