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ABSTRACT

Background: Veterinary cardiology has been widely divulged, especially because of the search for diagnostic methods that 
allow early identification of heart disease in companion animals. Several techniques are available, such as digital radiog-
raphy (DR), computerized tomography (CT) and magnetic resonance (MR) that are being applied to patients with various 
diseases. VHS has been widely used in clinical practice in veterinary medicine as a way to diagnose heart size increases 
in lateral thoracic radiography in small animals. Cardiothoracic ratio (CTR) is a predictive factor for cardiac insufficiency 
in humans. In veterinary medicine, this index is still little used. The objective of the present study was to compare the 
vertebral heart scale (VHS) and cardiothoracic ratio (CTR) to assess changes in the size of the cardiac silhouette dogs in 
thoracic radiographs.
Materials, Methods & Results: The VHS and CTR of forty healthy poodle breed dogs (20 males and 20 females) from 
University Veterinary Hospital at the Federal University of Piauí were assessed. The animals were placed in supine and 
lateral decubitus, to obtain radiographic images in dorsoventral (DV) and right and left laterolateral projections of the 
thoracic region. The images acquired on the photosensitive radiographic chassis were analyzed by digital radiographic 
image system installed in the Image Diagnosis Service of the University Veterinary Hospital -HVU/UFPI. VHS (Vertebral 
Heart Scale) measurements were taken using the sum of the heart length and heart width at its greatest diameter, comparing 
with the vertebral bodies from the fourth thoracic vertebra (T4). The CTR was assessed by comparing the greatest width of 
the heart silhouette and the distance between the thoracic walls at height T8. The heart width was measured from the two 
greatest distances (ML and MR), from the vertical line that divides the limit between the right and left sides of the heart, 
at the point of its greatest diameter. Similarly, the thoracic width was measured at the point of greatest thoracic diameter 
(MTD). The mean of the VHS and CTR in the males was 9.83 ± 0.85v and 0.48 ± 0.05, respectively. The females showed 
values of 9.65 ± 0.65v and 0.50 ± 0.03, respectively (P > 0.05). The mean of the VHS and CTR, considering males and 
females, was 9.72 ± 0.73v and 0.48 ± 0.04, respectively. VHS and weight correlated positively (r = 0.96), as the CTR and 
weight (r = 0.94). VHS and age showed high correlation (r = 0.96) as CTR and age (r = 0.93). VHS and CTR showed high 
correlation (r = 0.96). 
Discussion: Although congenital malformations and genetic diseases can occur, the acquired heart diseases correspond to 
most of the complications found in dogs. VHS increases considerably 6 to 12 months before the development of congestive 
heart failure (CHF). The poodles studied, considering the universe of males and females (P < 0.05), presented mean VHS 
values of 9.72 ± 0.73v. Similarly, there was no significant difference between genders for VHS measured in right and left 
decubitus in normal dogs. The cardiothoracic ratio measured for the poodles studied showed mean values of 0.48 ± 0.05. 
In humans, values below 0.5 are considered normal, while values above this may indicate the presence of cardiomegaly. 
The CTR is intimately related to the volume of the left ventricle and CTR values above 0.5 in humans are pathological. 
Our results demonstrated that VHS and CTR showed strong correlation in their measurements, suggesting that CTR, con-
stantly used in humans, could be considered as a tool to assess the size of the heart silhouette in dogs of the poodle breed.
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INTRODUCTION

Veterinary cardiology has been widely di-
vulged, especially because the search for diagnostic 
methods that allow early identification of heart diseases 
in companion animals. [16]. Several techniques are 
available, such as digital radiography (DR), com-
puterized tomography (CT) and magnetic resonance 
(MR), that are being applied to patients with various 
diseases [5].

The radiographic examination of the thoracic 
cavity allows a fast and little invasive assessment to 
obtain valuable information on the lung fields, heart 
size and vascularization. A guideline was proposed 
for the normal heart size in dogs, between 2.5 and 3.5 
intercostal spaces [13]. Although it is used in routine 
radiographic examinations these are limited mainly in 
the variations of the heart axis, thoracic conformation, 
inspiratory phase and rib overlay. 

Cardiothoracic ratio (CTR) is a predictive 
factor for cardiac insufficiency in humans [22]. In 
veterinary medicine, this index is still little used [34]. 
Thus, there are few studies and most are directed to 
non-human primates [29].

The objective of the present study was to com-
pare the vertebral heart scale (VHS) and cardiothoracic 
ratio (CTR) to assess changes in the size of the cardiac 
silhouette dogs in thoracic radiographs.

MATERIALS AND METHODS

Animals

Forty healthy male and female poodle with 2 to 
15 years old and weighing between 3.1 and 11 kg were 
used. The animals were from the Veterinary Hospital 
of the Federal University of Piauí (UFPI).   

Radiographic examinations

The animals were placed in supine and lateral 
decubitus, to obtain radiographic images in dorsoven-
tral (DV) and right and left laterolateral projections 
of the thoracic region. A mobile x-ray equipment 
(INTECAL CR-7)1 was used. The images acquired 
on the photosensitive radiographic chassis were 
analyzed by digital radiographic image system (CR 
30-X)1 installed in the Image Diagnosis Service of 
the University Veterinary Hospital -HVU/UFPI. They 
were stored on a hard disk of the computer coupled 
to the analysis system.  

VHS execution

VHS (Vertebral Heart Scale) measurements 
were taken according to the protocol established by 
Buchanan & Bücheler [6] that implies the sum of the 
heart length and heart width at its greatest diameter, 
comparing with the vertebral bodies from the fourth 
thoracic vertebra (T4). These measurements were taken 
and later the mean values were estimated to establish 
normality criteria (Figure 1a). 

Cardiothoracic Ratio (CTR) 

The CTR was assessed by comparing the 
greatest width of the heart silhouette and the distance 
between the thoracic walls at height T8, according to 
methodology described by Schillaci and collabora-
tors [29] in Macaca fascicularis and by Hasan and 
collaborators [15] in humans (Figure 1b). The heart 
width was measured from the two greatest distances 
(ML and MR), from the vertical line that divides the 
limit between the right and left sides of the heart, at the 
point of its greatest diameter. Similarly, the thoracic 
width was measured at the point of greatest thoracic 
diameter (MTD), as follows: 

CTR = MR + ML 
                MTD

Statistical analysis  

The data were submitted to the normality of er-
rors test (Shapiro-Wilk and Kolmogorov-Smirnov test) 
and then the group means were analyzed by the paired 
Student t-test to interpret the parameters, considering 
a 5% confidence interval (P < 0.05).

RESULTS

The mean of the VHS and CTR for males was 
9.83 ± 0.85v and 0.48 ± 0.05, respectively. The females 
showed values of 9.65 ± 0.65v and 0.50 ± 0.03, respec-
tively (Table 1). Comparison of the means between 
males and females for the VHS and CTR variables did 
not show statistical difference (P > 0.05).  The mean 
of the VHS and CTR, considering males and females, 
was 9.72 ± 0.73v and 0.48 ± 0.04, respectively. The 
VHS and weight variables showed positive and high 
correlation (r = 0.96) [Graphic 1], as CTR and weight (r 
= 0.94) [Graphic 2]. The comparison between VHS and 
age also showed high correlation (r = 0.96) [Graphic 
3], as CTR and age (r = 0.93) [Graphic 4]. When the 
VHS and CTR were compared the variables showed 
high correlation (r = 0.96) [Graphic 5]. 
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Table 1. Values of Vertebral Heart Scale (VHS), cardiothoracic ratio (CTR), weight and age of clinically healthy poodle breed dogs, HVU/UFPI, 
Teresina, Piauí, Brazil.

VHS CTR Age Weight

Male 9.83 ± 0.85 (8.3-10.5)A 0.48 ± 0.05 (0.40-0.56)A 5.78 ± 3.11 (2-12) 7.03 ± 2.85 (3.1-11)

Female 9.65 ± 0.65 (8.6-10.5)A 0.50 ± 0.03 (0.43-0.53)A 8.3 ± 4.6(2-15) 6.55 ± 1.85 (3.5-9.7)

General 9.72 ± 0.73 (8.83-10.5) 0.49 ± 0.04 (0.40-0.56) 7.26 ± 4.19 (2-15) 6.75 ± 2.29 (3.1-11)
*Means followed by different letters in the same row differ statistically.

Figure 1. Digital radiographic image of the chest of a poodle breed dog. In (A) right laterolateral projection to obtain the calcula-
tion of VHS. In (B) dorsoventral projection to obtain the CTR. MTD= Greatest thoracic diameter. (MR + ML) = represent the 
two largest distances from the vertical line that divides the right and left side of the heart.

Graphic 1. Correlation between the VHS values and weight of Poodle 
breed dogs HVU/UFPI, Teresina, Piauí, Brazil.

Graphic 2. Correlation between CTR values and weight of Poodle breed 
dogs, HVU/UFPI, Teresina, Piauí, Brazil.

Graphic 3. Correlation between VHS values and age of Poodle breed dogs, 
HVU/UFPI, Teresina, Piauí, Brazil.

Graphic 4. Correlation between the CTR and age of Poodle breed dogs, 
HVU/UFPI, Teresina, Piauí, Brazil.
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Graphic 5. Correlation between the VHS and CTR values of Poodle breed 
dogs, HVU/UFPI, Teresina, Piauí, Brazil.

DISCUSSION

Problems affecting the cardiovascular system 
in dogs are very prevalent [11,26]. Although congeni-
tal malformations and genetic diseases can occur, the 
acquired heart diseases correspond to most of the 
complications found [12]. In this way the congestive 
heart failure is a clinical syndrome frequently fatal in 
dogs, and can be observed in 75% of the animals that 
develop chronic mitral valve disease (myxomatous 
mitral valve degeneration) [4]. 

The animals studied in the present experiment 
were screened and considered healthy by laboratory, 
electrocardiographic, thoracic radiographic and echo-
cardiographic exams. Poodle breed dogs are constantly 
affected by mitral valve degenerative disease with 
congestive heart failure (CHF). VHS increases con-
siderably 6 to 12 months before the development of 
the CHF [21]. The Poodles studied, considering the 
universe of males and females (P < 0.05), presented 
mean VHS values of 9.72 ± 0.73v. Similarly, there 
was no significant difference between genders for 
VHS measured in right and left decubitus in normal 
dogs [10]. Similar values were found in a study of 
100 clinically healthy dogs (9.7 ± 0.50), regardless of 
the thoracic conformation [6]. Pinto & Iwasaki [27] 
established the normality standard for the breed, with 
mean values of 10.12 vertebras. 

Thoracic radiographs of 126 dogs with known 
heart problems, without respiratory or cardiologic signs 
showed that animals with established heart problems 
present higher VHS values compared to healthy ani-
mals and values greater than 10.7 vertebra are a mod-
erate sign of heart disease, with little interobservador 
variability [19]. 

In the present study, the weight variable corre-
lated strongly with the VHS means (r = 0.96) and CTR 
(r = 0.94) means. A similar interaction among these 
variables was also observed for evaluation of cardiac 
size in German shepherd dogs [34]. Although we used 
a weight variation from 3.1 to 11 kg, the VHS values 
were within the reference values for adult dogs [33]. 
Nevertheless, there is strong influence from the thoracic 
confirmation on the values obtained in the VHS (Eg. 
Beagles: 10.3 ± 0.40, Whippets: 11.0 ± 0.5, right decu-
bitus/11.3 ± 0.40 left decubitus), requiring to produce 
reference values for several other breeds [2,18], and 
also to research alternative measuring methods.  

The cardiothoracic ratio measured for the 
poodles studied showed mean values of 0.48 ± 0.05. 
This method was first proposed for humans, in the clini-
cal assessment of military personnel [8]. In humans, 
values below 0.5 are considered normal, while values 
above this may indicate the presence of cardiomegaly 
[22,35]. The CTR is intimately related to the volume of 
the left ventricle [31] and CTR values above 0.5 in hu-
mans are pathological [25,28]. Ernst and collaborators 
demonstrated that the CTR is an important predictor 
of mortality in patients with dilated cardiomyopathy, 
even when compared to the echocardiographic exam, 
considered the “gold standard in hemodynamic and 
myocardial function assessment” [9]. However, exams 
such as echocardiography still have restrictions, espe-
cially because it is operator dependent and because 
ultrasound equipment is needed with software to obtain 
the necessary measurements to estimate the evolution 
of the lesions [3,24]. On the other hand, the thoracic 
radiograph is a method commonly used to diagnose 
congestive heart insufficiency in dogs, and is consid-
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ered the gold standard for correlation with the visible 
clinical alterations [14,30,32].

Although there is much research in human 
medicine that shows the value of the CTR as a predic-
tor index of a bad prognostic in the evolution of heart 
defects [23], in veterinary medicine this index is still 
little used. To date there is only one report in the lit-
erature for CTR in 146 German shepherd dogs. In the 
German Shepherd breed, for ventrodorsal radiographs, 
means CTR was 30.13 ± 1.42% at the peak of inspira-
tion in laterolateral radiograph and 33.44 ± 1.46% at 
the peak expiration [34]. However, these values are 
different from those observed in the poodle breed in the 
present experiment. This variation can be attributed to 
the difference between the methods used to determine 
the CTR, where these authors used area means, while 
we used linear means. In this way, the observations of 
the present experiment are supported most closely by 
that described in humans, and in veterinary medicine 
further studies are needed to validate the method in 
other dog breeds. 

The animals studied in the present experiment 
showed high correlation between the VHS and CTR 
values (r = 0.96). Ventrodorsal radiographs promoted 
a greater level of distortion in the heart silhouette 
compared to dorsoventral radiographs, which in this 
context are preferred to assess heart alterations [6,7]. 
Degenerative mitral valve disease, among other com-
plications, leads to heart insufficiency, progresses with 
various degrees of pulmonary edema and pleural effu-
sion that often make the lateral decubitus impossible 

in radiographic assessment [4]. Felines affected by 
hypertrophic cardiomyopathy adopt sternal decubitus 
to find respiratory comfort [1]. 

To our knowledge, this is the first study that 
demonstrates the positive contribution correlation be-
tween VHS (index established in the veterinary clinical 
routine) and CTR. Thus, animals with difficulty of 
accepting the lateral decubitus position could be ad-
equately assessed by the CTR, to help in the detection 
of heart increases.

CONCLUSION

Standardization of the CTR, compared to the 
VHS, is an acceptable way of obtaining an assessment 
of the heart size in veterinary medicine. Thus, it is sug-
gested that both the CTR and the VHS can be used in 
the cardiovascular diagnosis for poodle breed dogs and 
for other breeds. It is also suggested that these values 
should be standardized for other canine breeds.
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