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Abstract
The purpose of this study was to collect data on the cardiac morphometry of thirty adult male and female 
dogs without macroscopic changes indicative of heart disease, regardless of animal’s body weight and 
score. The dogs were weighed, grouped according to their body weight, and necropsied for a macroscopic 
evaluation of their cardiac measurements. The data obtained were included in a database. The following 
cardiac measures were evaluated: vertical and horizontal axes, weight, volume, thickness of the right and 
left atria and ventricles, and horizontal and vertical axes of the atrial and ventricular chambers. The heart 
weight was found to represent 0.6 to 1.1% of the animal’s body weight. No differences were found in 
cardiac size and weight as a function of sex. The ratio between the vertical and horizontal cardiac axes 
was 1.11. The left ventricle was found to be 1.6 to threefold thicker than the right ventricle. The results 
were considered standard for dogs and can be used for macroscopic evaluations of cardiac hypertrophy 
or dilation.
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Resumo
Avaliou-se morfometricamente o coração de 30 cães adultos, sem histórico de doença cardíaca, sem 
restrição quanto ao porte e escore corporal, encaminhados para exame necroscópico e que não 
apresentavam alterações macroscópicas. A maioria dos animais era sem raça definida, sendo 14 machos 
e 16 fêmeas. Observou-se correlação positiva do peso dos cães com o tamanho do coração, com a 
espessura das paredes dos ventrículos e átrios, assim como com a largura e o comprimento das câmaras. 
Ainda, não foi constatada correlação entre a espessura dos átrios direito e esquerdo e o peso dos animais. 
A relação entre o peso cardíaco e o peso corpóreo dos cães foi mensurada individualmente, obtendo-se 
que o peso do coração representa de 0,6% a 1,1% do peso corporal. Não foram observadas diferenças 
relacionadas ao sexo. Na avaliação do quociente de relação entre os eixos cardíacos vertical e horizontal 
obteve-se o índice de 1,11 +/- 0,21. Em relação à proporção da espessura muscular dos ventrículos 
esquerdo e direito, obteve-se espessura do ventrículo esquerdo 1,6 a três vezes maior que a do ventrículo 
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direito. Os dados desta pesquisa contribuem na construção de tabelas com valores de referência das 
diferentes medidas cardíacas em cães.
Palavras-chave: átrios; câmaras cardíacas; cão; miocárdio; ventrículos. 

Received on: October 17th, 2016
Accepted on: February  28th, 2018

Introduction

The distinct layer of cardiac muscle, called the myocardium, consists of muscle cells (cardiomyocytes), 
which are arranged in overlapping spiral patterns(1). The thickness of the myocardium is determined by 
the pressure in each chamber. While the atria are thin, the ventricles are thick. The wall of the left ventricle 
is approximately threefold thicker than that of the right ventricle and can become even thicker to 
compensate for increased physiological or pathological circulatory overload(2).

Dogs’ hearts differ in shape and position from those of other domestic species(3), presenting an ovoid 
aspect with a blunt and rounded apex(4). The absolute weight of the heart of a medium size dog is 40 to
600 g, corresponding to 0.9 to 2.2% of its body weight. However, the relative weight varies widely and is 
greater in hunting dogs and in dogs trained for speed or work. On the other hand, the heart weight of obese
and sedentary dogs may represent only about 0.5% of their body weight(3). 

Sex-related morphometric differences in the canine heart are considered negligible(5). On the other hand, 
heart diseases can manifest as changes in the size and weight of the components of the heart, in degrees
proportional to the severity of the disease, as occurs in hypertrophic and dilated cardiomyopathies(6). In 
the case of physiological or pathological cardiac overload, ventricular hypertrophy is one of the first and 
main compensatory mechanisms(7). Given such numerous variations, data on canine heart size are scarce, 
particularly as it pertains to the size of the animals, which often hinders or leads to underestimations in 
the diagnosis of heart disease manifested by alterations in heart shape and size(6).

The term morphometry is widely applied in science. Ultimately, in biomedicine, it involves the 
measurement of anatomical structures in order to obtain more objective and accurate data, the presentation 
and analysis of results obtained in research and laboratory routines, and the identification of relations 
between the various anatomical structures and functions(8). Most of the cardiac measurements described 
in the literature refer to data obtained by echocardiography on dogs of specific breeds(9–11). However, 
references to evaluate cardiomyopathies in mongrel dogs are also important for anatomopathological 
routine. The purpose of this study was to collect data on the cardiac morphometry of adult dogs that did 
not present macroscopic changes suggestive of heart disease and also to relate such measurements to the
body weight of the animals.

Material and Methods

This research was conducted at the Department of Animal Pathology of the School of Veterinary
Medicine and Animal Science (EVZ) of the Federal University of Goias (UFG) in Goiania, Goias 
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state, Brazil. The study involved 30 adult dogs that had been destined for necropsy, comprising 14 
males and 16 females, most of them mongrels. The animals were weighted individually on an 
electronic scale, necropsied and their hearts morphometrically measured.

The pericardial sac of each animal was opened to expose the heart. The vertical and horizontal axes, 
starting at the midpoint of each axis, were measured with a caliper (FIGURE 1A). A longitudinal
midline incision was then made from the apex to the base of the heart to expose the cardiac chambers, 
especially the ventricles (Figure 1B). The heart was washed to remove blood clots and weighed on
electronic scales. Both the thickness of the atrial and ventricular walls and the width and length of the 
chambers were measured with a caliper, always starting from the midpoint of each axis (Figures 2A, 
2B, 2C, and 2D). It should be noted that the cardiac measurements were taken using only hearts that 
presented no change in volume visible under macroscopic examination.

Cardiac volume was measured based on the volume of water displaced upon placing the heart in a
graduated beaker (in mm). The data from each animal and the morphometric evaluation of the heart
were transcribed onto individual charts and then to a database.

After analyzing the material, the animals were divided into seven groups according to body weight
in order to evaluate the minimum and maximum reference values for the cardiac measurements, as 
well as the average and standard deviation of each measure. The groups comprised weights of 1 to 
4 kg, 4.1 to 8 kg, 8.1 to 12 kg, 12.1 to 16 kg, 16.1 to 20 kg, 20.1 to 24 kg, and 28 to 32 kg. There was 
no dog in the weight range of 24.1 to 28 kg. The mean ± two standard deviations of each variable 
were considered for purposes of normality.

The relation between body weight and heart weight, between the size of the heart and the animal’s 
sex, the ratio between the measurements of vertical and horizontal cardiac axes, and between the 
thickness of the left and right ventricles were evaluated.
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Results

The two weight groups between 4.1 and 12kg included 43% of our sample (n=13). The minimum and 
maximum values of the internal and external cardiac measurements and the mean and standard 
deviation are listed in Tables 1 and 2. 
A positive correlation was found between the weight of the dogs and all the cardiac measures 
evaluated, except for the thickness of the right and left atria, which showed either a negative 
correlation or no correlation with the weight of the animals. 

The relation between heart weight and body weight was measured individually (Table 3), revealing 
that the heart weight represent 0.6% to 1.1% of the animal’s body weight. No significant differences 
were observed in heart size and weight or in the relation between heart and body weight as a function 
of sex.

The relative ratio between the vertical and horizontal cardiac axes was determined, indicating a ratio 
of 1.11 +/-0.21, which is useful to assess the proportional size of the canine heart, regardless of body 
weight.

As for the proportion of muscle thickness of the left and right ventricles, the left ventricle was found 
to be 1.6 to 3-fold thicker than the right ventricle, as shown in Figure 3.
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Discussion

During animal necropsy, the presence or severity of heart disease is usually evaluated subjectively(12), 
and hypertrophy may go unnoticed if discreet or else not indicate its degree of severity(5). To reduce
this subjectivity, this study provides objective information about the morphometry of the canine heart, 
indicating that the normal heart represents a percentage of body weight. It also provides data on the 
proportion of muscle thickness of the ventricles and the relative ratio between the vertical and horizontal
axes, which is useful for assessing the main changes in cardiac volume, hypertrophy and, dilation.
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To avoid subjectivity, the weight of the human heart can be compared to pre-established reference 
values(12); however, when it comes to animals, such values are still scanty. In this context, therefore, 
the present study intends to contribute to the formation of a reference database for the macroscopic
evaluation of cardiac normality in mongrel dogs. Leifsson(13) stated that each institution or diagnostic 
center should establish normal values for healthy dogs from the local population, since they concluded 
that values considered normal may vary in a complex manner from one region to another.

We found no reference values for cardiac measurements under macroscopic examination, so we 
compared our data with those reported by Boon(14), who described the expected thickness of the left 
atrium in the systole and diastole cardiac cycle during echocardiographic examination. However, all 
the numbers provided by the author are lower than those found in this study. This may be attributed 
to the possible change in ventricular wall thickness when rigor mortis sets in(6), or simply to 
differences in processing procedures. For example, Boon(14) considered live animals in the systole 
and diastole cardiac cycle and the occurrence of minor variations between measurements taken from 
images and those obtained under macroscopic examination is common. In contrast, Crippa et al.(15)

used echocardiography to measure the left ventricular wall thickness of Beagles weighing between 8 
and 11 kg, and reported values close to those found in this study for dogs with similar body weight. 

In this study, the heart to body weight ratio of the dogs ranged from 0.6 to 1.1%; this results are 
similar to those described by other authors: 0.61 to 0.94%(5); 0.66 to 1.20%(4), and 0.66 to 1.20%(7). 
It should be noted that Ghoshal(3) mentions a slightly higher percentage range, reporting a heart to 
bodyweight ratio of 0.5 to 2.2%.

Schoning et al.(16), Bienvenu & Drolet(5), Werner et al.(6), and Carvalho et al.(4) stated that the heart 
weight to body weight ratio is not influenced by the patient’s sex. This study found no differences in
the cardiac measurements of male and female dogs. In other words, the cardiac morphometry is 
related with the animal’ weight and not its sex.

It is noteworthy that we found no studies about the ratio between the vertical and the horizontal
cardiac axes of dogs, which is a useful measure for assessing normal heart size, regardless of the 
animal’s body weight.

With regard to the ratio of ventricular wall thickness, Robinson & Robinson(7) reported that the 
muscle of the left ventricle is approximately two to fourfold thicker than that of the right ventricle, 
while Van Vleet et al.(2) found that it is about threefold thicker. This is similar to the ratio of 1.6 to 
three, with an average of 2.4-fold, which was observed in this study. In addition, Werner et al.(6)

measured the relative wall thickness ratio of the right and left ventricles and found an average of
0.445. In the present study, this ratio was found to be 0.43. 

It is important to note that the animals were evaluated in terms of body weight and not of size (small,
medium, large, and giant), given the difficulties in standardizing this measure. Goldston & Hoskins(17)

and Bentubo et al.(18) are examples of this kind of study. The authors rated dogs according to size, but
took into account only the animal’s body weight, disregarding aspects such as cachexia and obesity, 
which renders the evaluation inconsistent. Moreover, there are no reports about classifying dogs
according to size associating more than one measure, such as height and weight, for example.
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Conclusions

A table listing reference values for the different cardiac measures is useful for the macroscopic evaluation of 
normality of the canine heart during necropsy examination. The relation between heart weight and body 
weight, regardless of the animal’s sex, is a suitable parameter for establishing ratios with a view to 
evaluating the presence and severity of increased muscle mass in dogs (hypertrophy). Regardless of body 
weight, the ratio between vertical and horizontal cardiac axes is a useful tool for assessing the normality of
canine heart size. The proportion of muscle thickness of the left and right ventricles is a suitable tool for
confirming the macroscopic diagnosis of hypertrophy or ventricular dilation.
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