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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 coragdo de 30 caes adultos, sem historico de doenca cardiaca, sem
restricdo quanto ao porte e escore corporal, encaminhados para exame necroscopico € que nao
apresentavam alteragdes macroscopicas. A maioria dos animais era sem raga definida, sendo 14 machos
e 16 fémeas. Observou-se correlagdo positiva do peso dos cdes com o tamanho do cora¢do, com a
espessura das paredes dos ventriculos e atrios, assim como com a largura € o comprimento das camaras.
Ainda, ndo foi constatada correlagdo entre a espessura dos atrios direito e esquerdo e o peso dos animais.
A relagdo entre o peso cardiaco e o peso corpdreo dos cdes foi mensurada individualmente, obtendo-se
que o peso do coracdo representa de 0,6% a 1,1% do peso corporal. Nao foram observadas diferencas
relacionadas ao sexo. Na avaliacdo do quociente de relagdo entre os eixos cardiacos vertical e horizontal
obteve-se o indice de 1,11 +/- 0,21. Em relagdo a propor¢do da espessura muscular dos ventriculos
esquerdo e direito, obteve-se espessura do ventriculo esquerdo 1,6 a trés vezes maior que a do ventriculo
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direito. Os dados desta pesquisa contribuem na constru¢do de tabelas com valores de referéncia das
diferentes medidas cardiacas em caes.
Palavras-chave: atrios; camaras cardiacas; cdo; miocardio; ventriculos.
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Introduction

The distinct layer of cardiac muscle, called the myocardium, consists of muscle cells (cardiomyocytes),
which are arranged in overlapping spiral patterns'). 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®.

Dogs’ hearts differ in shape and position from those of other domestic species®®, presenting an ovoid
aspect with a blunt and rounded apex®. 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®.

Sex-related morphometric differences in the canine heart are considered negligible®. 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®. In
the case of physiological or pathological cardiac overload, ventricular hypertrophy is one of the first and
main compensatory mechanisms”. 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®.

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®. Most of the cardiac measurements described
in the literature refer to data obtained by echocardiography on dogs of specific breeds®!). 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.

Figure 1. Canine Heart. A) Measurement of the cardiac vertical axis. B) Longitudinal
opening and exposure of the cardiac chambers.
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Figure 2. Canine Heart. Measurement of wall thickness and lumens of the cardiac chambers.
A) Thickness of the right ventricular wall. B) Width of the right ventricular lumen. C)
Thickness of the left ventricular wall. D) Width of the left ventricular lumen.

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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Table 1. Measurements, mean (M), and standard deviation (SD) of the canine heart morphometric
variables as a function of the animal’s weight

y::;iht Variables CV axis Sx}ils il':ia;ht Volume Thickness Thickness Thickness Thickness
2 7 7
(k) (cm) fei) ® (cm?) RV(em) LV(cm) RA(cm) LA(cm)
Min-Max 4.35-39 33547 2434 24-40 0.4-0.6 1.0-14 0.1 0.05-0.2
1-4 (n=3) M 5.1 3.97 27.67 29.67 047 1.13 0.1 0.12
SD 0.72 0.64 487 8.96 0.12 023 0 0.08
41-8 Min-Max 3.8-6.7 4.7-39 41.64 35-60 0.4-0.6 1.0-1.5 0.1-0.2 0.1-0.2
(2=7) M 6.2 5.36 52.92 46.25 047 1.16 0.17 0.14
SD 0.37 0.36 7.96 11.09 0.08 0.17 0.05 0.05
8.1-2 Min-Max 6.3-7.2 35.0-6.7 76-97 70-90 0.5-0.7 1.1-1.8 0.1-0.4 0.1-0.3
(x;=6) M 6.89 6.1 83.72 8333 0.6 1.5 022 0.18
SD 0.33 0.7 8.82 8.16 0.09 0.25 0.12 0.1
12.1-16 Min-Max 7.5-85 64-74 86-140 80-150 0.3-0.8 1122 0.1-0.2 0.2
(a=4) M 8.05 6.98 109.23 90 0.7 1.55 0.13 0.18
SD 042 043 27.15 14.14 0.14 047 0.05 0.05
16.1-20 Min-Max 8.0-94 7.2-97 129-133 150-190 0.3-0.8 1.5-1.7 0.2-04 0.1-0.3
(a=3) M 847 823 142.33 161.67 067 1.6 0.27 0.2
SD 0.81 1.31 12.22 16.07 0.15 0.1 0.12 0.1
20.1.24 Min-Max 7.8-10.0 7.1-8.5 116-200 1%0-200 0.5-0.9 1420 0.2-0.3 0.2-03
(a=3) M 9.03 7.9 158.33 15833 0.7 1.6 0.23 0.23
SD 1.12 0.72 42 40.1 0.2 0.35 0.06 0.06
28.1.32 Min-Max 9.0-12.1 6.8-98 165-250 180-300 0.7-1.0 1.1-22 0.2-03 0.2-04
(n;4) M 10.68 8.38 22543 220 0.8 1.75 0.25 0.28
SD 1.47 1.39 4934 34.16 0.14 0.48 0.06 0.1

CV: cardiac vertical axis, CH: cardiac horizontal axis, RV: right ventricle, L'V: left ventricle, RA: right atrium,
LA: left atrium

Table 2. Measurements, mean (M), and standard deviation (SD) of the variables considered for canine
heart morphometry as a function of body weight

Weight Vertical Vertical Horizontal Horizontal :;ue_::xcal Vertical Horizontal Horizontal
range Variables axisRV axisLV axisRV  axisLV axis LA axisRA  axisLA
RA
(Kg) (em)  (em)  (cm) (cm) (cm) (em)  (cm) (cm)
Min-Max 1.5-27 1527 1324 0.6-1.8 0.7-1.2 0.7-08 0.7-0.8 1.1-12
1-4 (n=3) M 2.03 1.9 1.03 1 1 0.83 0.77 1.17
SD 0.61 0.56 0.67 0.26 0.1 0.06 0.06 0.06
Min-Max 22-29 26-3.5 26-35 1.6-2.1 1.5-24 06-1.2 1.0-1.7 1.1-1.5
?ni';; M 259 304 18 2.06 134 089 124 13
SD 022 0.34 0.16 0.34 0.21 022 0.23 0.13
Min-Max 2.5-3.8 25-38 3242 13-2.7 13-32 1.0-15 1.0-24 1.1-1.7
(8n1=-6;2 M 3.07 3.72 2.15 2.35 1.6 1.17 1.52 1.45
SD 0.5 0.37 0.48 0.61 0.11 0.25 0.47 0.2
Min-Max 3447 3447 3548 18-2.7 2033 1318 16-3.1 1.6-2.1
(1;:';:)16 M 38 418 2.18 26 1.85 1.33 1.93 1.83
SD 0.61 0.56 0.5 0.55 047 0.21 0.82 0.22
16.1.20 Min-Max 3.3-3.6 3.3-3.6 3.7-44 2.1-33 2.1-33 13-1.7 1323 1.5-2.0
(@=3) M 3.47 413 1.73 28 1.87 1.47 1.77 1.83
SD 0.15 0.38 0.31 0.62 023 021 0.5 0.29
20.1.-24 Min-Max 3.1-43 3.1-43 44.47 24-3.0 1836 1422 2 1.3-1.8
(@=3) M 3.67 45 2.77 2.6 2.57 1.83 2 1.53
SD 0.6 0.17 0.32 0.92 0.51 04 0.1 0.25
28.1.32 Min-Max 3443 %.4-4.3 4556 2.2-_3.8 1840 1430 13520 1824
(n=4) M B 523 293 2.95 233 1.93 1.88 2.03
SD 0.41 0.49 0.75 0.9 0.7 0.74 0.25 0.29

RV: right ventricle, LV: left ventricle, RA: right atrium, LA: left atrium
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Table 3. Percentage of heart weight relative to body weight and sex of the dogs

Sex  BW(Kg) HW (g) %HW Sex BW(Xg) HW (g %HW
F 26 245 0.9 M 11.15 93.0 0.8
F 2.75 25.23 0.9 F 133 86.78 0.7
M 34 3327 1.0 F 13.85 152.0 1.1
M 5.4 495 0.9 F 153 139.4 0.9
F 5.6 418 0.7 M 15.5 101.3 0.7
F 5.7 62.0 1.1 F 16.15 153.0 0.9
F 6.4 50.39 0.8 M 16.25 145.0 0.9
F 6.55 55.7 0.9 M 16.4 129.5 0.8
M 6.6 4734 0.7 F 21.0 116.0 0.6
F 6.75 63.72 0.9 M 214 159.0 0.7
M 8.1 76.14 0.9 M 234 200.0 0.9
M 9.0 81.68 0.9 F 28.15 168.8 0.6
M 9.0 96.5 1.1 F 2825 207.3 0.7
F 9.05 77.14 0.9 M 29.7 278.6 0.9
F 9.1 78.0 0.9 M 30.15 250.0 0.8

BW: Body weight; HW: heart weight; % HW: percent of heart weight.

Ratio of LV to RV muscle thickness

—4#— Ratio of LV to RV

Centimeters

1357 9MBB17TO2B5TD
Number of animals

fl"igure 3. Ratio of left ventricular to right ventricular muscle thickness.

Discussion

During animal necropsy, the presence or severity of heart disease is usually evaluated subjectively!!?,
and hypertrophy may go unnoticed if discreet or else not indicate its degree of severity’®. 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!!?; 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!®) 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!'¥), 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®, or simply to
differences in processing procedures. For example, Boon'¥ 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.(!®
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%; 0.66 to 1.20%“), and 0.66 to 1.20%".
It should be noted that Ghoshal® mentions a slightly higher percentage range, reporting a heart to
bodyweight ratio of 0.5 to 2.2%.

Schoning et al.!®, Bienvenu & Drolet®, Werner et al.®), and Carvalho et al.®¥) 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!” 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.®) 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.%)
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(!”
and Bentubo et al.!® 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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