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ABSTRACT

Radiographs of thoracic cavity are useful as a diagnostic modality to detect heart diseases and have
a potential to provide information equivalent to other cardiac diagnostic modalities. Radiographic
interpretation can be done by number of ways viz., by gross examination or by using different
measurements like cardiothoracic ratio, relationship with inter-costal spaces or vertebral heart
score. Cardiothoracic ratio and a specification of 2.5 to 3.5 inter-costal spaces had been introduced
in veterinary medicine as an indicator of normal heart size in lateral radiographic views for dogs,
Key Words: Cardiac
but due to some limitations, use of these techniques has been supplanted by another cardiac
diseases, Dogs, Thoracic
measurement technique called the vertebral heart score, in which the heart length and width on
radiography, Vertebral heart
the thoracic radiograph is compared with the vertebral length. The vertebral heart score may be
score
useful in assessing the change in size of the heart in a patient over time as there is good correlation
between the growth of different visceral organs and vertebral body length. Knowledge of interbreed variation in the thoracic conformation and selection of proper reference value may further
enhance the value of vertebral heart score technique in diagnosis of cardiac enlargement in dogs.
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INTRODUCTION

Recent advances in veterinary cardiology, most notably in the
areas of diagnostic imaging and cardiovascular therapeutics,
have considerably added to our understanding on cardiac
diseases in small animals. Cardiac diseases during recent years
are considered as an important health problem in dogs and are
being diagnosed with an increased frequency (Devi et al., 2009).
Despite the availability of other diagnostic techniques like
echocardiography (Root and Bahr, 2002), the thoracic
radiography is one of the most commonly performed
radiographic examinations in small animal practice. Important
information about major medical problems, such as heart disease
and cancer, is often obtained from thoracic radiographs (Dark et
al., 1996). Follow up radiographs are used to evaluate clinical
response to therapy or progression of disease (Thrall, 2007). A
general guideline of 2.5-3.5 intercostal spaces for dogs with a
deep and wide thorax, respectively, has been used as an
indicator of normal heart size in lateral radiographic views
(Owens, 1985; Kealy, 1987). Nevertheless, limitations in terms of,
variations in the axis of the heart and its silhoutte, thoracic
conformation, respiratory phase, rib superimposition and
imprecise measurement points (Buchanan and Bucheler, 1995;
Gulanber et al., 2005), have declined the use of this method.
Cardiothoracic ratios have been used in the past on the basis of
change in dimensions of thoracic cavity. In case of progressive
cardiomegaly in dogs, chest cavity also expands. Thus, the
cardiac dimensions relative to thoracic depth and width may
remain same. In other words, if reduction in heart size occurs, a
reduction in chest size may also be observed, thus there may be
little or no change in the cardiothoracic ratio.
VERTEBRAL HEART SCORE

Vertebral heart score (VHS), first described by Buchanan and
Bucheler (1995), employs measuring the cardiac silhouette by
involving its long axis (taken from left main stem bronchus
ventral border to the cardiac apex with a measuring scale) and
short axis (taken from central third region of heart
perpendicular to the longitudinal axis with a measuring scale)
on a lateral radiograph (Figure).

Figure: Long axis (LA) and short axis (SA) measurements of
heart in lateral recumbency for calculation of VHS starting from
4th thoracic vertebra (T4)
The sum of these measurements is then compared to the midthoracic vertebral bodies starting from the anterior edge of the
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4th thoracic vertebra (T4). Long axis of heart includes left
atrium and left ventricle in lateral radiograph and right atrium
and left ventricle in dorso-ventral radiograph. The short axis of
the canine heart includes right atrium and left heart chambers
in lateral radiograph and left and right heart structures in
dorso-ventral radiograph. Precise measurements for statistical
analysis are taken to the margin of 0.1 vertebrae. Summation of
number of vertebrae in relation to long and short axis of heart
indicates vertebral heart score.
The mean VHS reported by Buchanan and Bucheler (1995)
was 9.7±0.5 and 10.2±0.83 vertebrae in lateral and ventrodorsal
radiographs, respectively, of different dog breeds. Also the VHS
values in lateral radiographs were unaffected by the depth or
broadness of the chest of dogs which is in contrast to
intercostal space method where such variation does occur, as
reported by Jepsen-Grant et al. (2013). VHS method has been
reported to be unaffected by the experience of observer but does
depend on the selection of the reference points of longitudinal
and transverse axis of the heart and their conversion into VHS
units (Hansson et al., 2005). Variations in the normal canine
heart are more than in any other organ, and the heart is
inherently variable in size because of its contractility during the
cardiac cycle. Additionally, there is considerable breed variation
with regards to normal heart size and shape. So, it is desirable
to consider the breed specific value whenever the heart is
evaluated (Root and Bahr, 2002; Owens and Biery, 1999; Toal et
al., 1985; Silverman and Suter, 1975; Toombs and Ogburn, 1985).
Vertebral heart score in puppies calculated by Sleeper and
Buchanan reported that vertebral heart size in puppies does not
change with the growth and lies within adult dog’s reference
range (9.7±0.5). Thus, similar standards exist to determine
cardiac enlargement in puppies and adult dogs (Sleeper and
Buchanan, 2001).
Effect of radiographic positioning on VHS in dogs was first
studied by Fox (2003). Orientation of the heart is
approximately at 45 degree angle in the lateral view, lies
between 3rd to 8th thoracic vertebrae, covers about 3 intercostal
spaces, and has VHS of 8.5-10.6 (av. 9.7). Roughly, it has an
elliptical shape with a curved right ventricular and relatively
straight left ventricular border in the ventro-dorsal (DV) or
dorso-ventral (DV) view. Lateral radiographic positioning in
clinical practice may be preferred over ventro-dorsal as it is less
stressful for cardiac patients (Fox, 2003). Furthermore, image
magnification occurs in VD views as the distance between heart
and the X-ray cassette increases. In addition to magnification,
higher VHS may occur as the VD/DV long axis includes the
right atrium and left ventricle, whereas in lateral projections
only the left atrium and left ventricle is included (Gulanber et
al., 2005). Reports on comparison between dorso-ventral (DV)
and ventro-dorsal (VD) views have revealed that VD heart sizes
are wider (7%) and longer (5%) than DV heart sizes (Buchanan
and Bucheler, 1995). However, correlation between DV/VD and
lateral heart sizes appears to be poor. Determination of VHS in
DV or VD projection in deep chested dogs appears to be of little
value as there is relatively vertical long axis of heart in such
dogs. Mean VHS in ventro-dorsal or dorso-ventral views has
been reported to be significantly larger than that in lateral view.
Training also has significant effect on VHS and there is higher
VHS in trained dogs compared to non-trained (Bavegems et al.,
2005). Possible reason could be more workload on heart in
racing than non-racing animals which leads to compensatory
increase in cardiac size. There are conflicting reports regarding
the difference in VHS between left and right lateral recumbency
in dogs. In one report, Greco et al. (2008) compared VHS
calculated in right and left lateral recumbency and reported
significantly higher VHS value in right (9.8±0.6) compared to

left lateral recumbency (9.5±0.8). Similar findings were also
reported in Whippets (Bavegems et al., 2005), Beagles
(Kraetschmer et al., 2008), Doberman and German shepherd
dogs (Ghadiri et al., 2010). In our study on Labrador retriever,
also statistically non-significant differences were found
between VHS taken in right and left lateral recumbency;
however, slightly higher values were observed in right lateral
recumbency (Gugjoo et al., 2013). The higher VHS in right
recumbency could be explained by the fact that divergence of Xray beam and more distance of the heart from the cassette
occurs in right lateral recumbency which leads to image
magnification. In contrast to above reports, findings on mixed
breed and native dogs of Iran showed non-significant difference
in VHS when taken in right or left lateral recumbency (Ghadiri
et al., 2010). Gender, body size of the animal (Buchanan and
Bucheler, 1995; Bavegems et al., 2005; Ghadiri et al., 2010; Gugjoo
et al., 2013) and respiratory diseases (Lamb et al., 2001) did not
significantly influence VHS values in dogs However, Lamb et al.
(2001) reported significant effect of gender on VHS in which
males had a higher mean VHS than females. In general, the
vertebrae and internal organ size show a comparable
development and can be attributed to non-significant effect of
body weight on VHS.
BREED VARIATIONS
VHS of different dog breeds is given in Table. Boxer dog breed
has significantly higher mean VHS measurements compared to
the dogs of other breed including Yorkshire terrier and German
shepherd while Labrador retrievers have significantly higher
mean VHS measurements than other breeds except the boxer
and the Cavalier King Charles spaniel (Lamb et al., 2001).
However, Hansson et al. (2005) reported the mean VHS value of
10.8±0.5 Vertebrae in the normal cavalier King Charles spaniels.

VHS in normal poodle dogs has been reported to be smaller or
equal to 10.5 in 80% of dogs (Fonsecapinto and Iwasaki, 2004).
VHS values in Turkish shepherd have been reported to be
comparable to other dog breeds. Also no significant difference
with respect to age and sex of the dogs has been reported
(Gulanber et al., 2005). In case of Whippets, two different
values have been established. Bavegems et al. (2005) reported
mean VHS on lateral radiographs of Whippets to be
significantly larger than the VHS reported earlier. It has also
been reported that there is significant difference between show
and racing pedigree lines of the Whippet breed.
VHS in retired racing Greyhound has been reported to be
significantly higher when compared with that of Rottweiler and
to other dog breeds using both analog and digital radiography.
The mean VHS established on lateral radiographs was 10.5±0.1
for Greyhounds, 9.8±0.1 for Rottweiler and 10.1±0.2 for mixed
breed dogs. Also, Non-significant effect of radiographic
positioning (Right or left recumbency) on VHS was observed in
all the studied breeds (Marin et al., 2007). A slight modification
of the original technique was done by Spasojevic Kosic et al.
(2007) for calculating VHS in German shepherd. However, nonsignificant differences in VHS were reported when compared to
those measured by standard technique (Spasojevic Kosic et al.,
2007).
The mean VHS in the beagle dogs has been reported to be
10.3 which are significantly different from the mean value of 9.7
shown in Buchanan and Bucheler (1995) study. It has also been
reported that inspiration has no significant effect on the
vertebral heart scale of Beagle dogs (Kraetschmer et al., 2008).
The influence of breed on VHS in dogs in Iran has been reported
by Ghadiri et al. (2010). VHS reported was similar in right
lateral radiograph (9.4) as that of left lateral radiograph (9.4) in
Iranian native dog breeds. Native dogs were found to have the
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lower VHS than all other breeds, both in left lateral and right
lateral radiographs. The mean VHS values have been
determined as 9.6 and 9.8 for German shepherd dogs and 9.6
and 9.7 for mixed breeds in left lateral and right lateral
radiographs, respectively. The mean VHS values in left lateral
views were significantly smaller than in the right lateral view in
Doberman and German shepherd dogs. However, the VHS of
left lateral and right lateral radiographs did not differ
significantly in mixed breed and native dogs.
Mean value of VHS in American pit bull Terrier has
been reported as 10.9±0.4 and found to be significantly different
from the values of general dog population given earlier in
Buchanan and Bucheler (1995) study (Lahm et al., 2011).
Table: Breed specific VHS values in dogs

Indian
mongrel dogs

Right

9.7±0.67

Kumar et al.
(2012)

Labrador
retriever

Left
Right

10.29±0.04
10.39±0.05

Pug

Right

10.7±0.9

Pomeranian

Right

10.5±0.9

Gugjoo et al.
(2013)
Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)

Yorkshire
Terrier

Right

9.9±0.6

Dachshund

Right

9.7±0.5

Bulldog

Right

12.7±1.7

Shih Tzu

Right

9.5±0.6

Lhasa Apso
Boston
Terrier

Right

9.6±0.8

Right

11.7±1.4

Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)
Jepsen-Grant
et al. (2013)

Breed

Recumbency

VHS±S.D

Reference

Yorkshire
terrier

Right

9.7±0.5

Lamb et al.
(2001)

Cavalier King
Charles
spaniel

Right

German
shepherd

Right

9.7±0.8

Lamb et al.
(2001)

Boxer

Right

11.6±0.8

Lamb et al.
(2002)

Doberman

Right

10.0±0.6

Lamb et al.
(2002)

Cocker
spaniel

Left
Right

10.94
11.05

Pinto et al.
(2002)

Poodle

Right

10.12±0.51

Fonsecapinto
and Iwasaki
(2004)

Turkish
shepherd

Left

9.7±0.67

Gulanber et al.
(2005)

Whippets
(Show
pedigree)

Left
Right

10.5±0.6
10.8±0.6

Bavegems et
al. (2005)

were comparatively higher to those reported in German shepherd
and Doberman (Gugjoo et al., 2013). However, Lamb et al. (2001)
reported VHS value to be 10.8±0.6 in right lateral recumbency in
Labrador retrievers.

Whippets
(Racing
pedigree)

Left
Right

11.1±0.4
11.4±0.4

Bavegems et
al. (2005)

Higher VHS in Labrador retriever, Boxer and Cocker
spaniels as compared to other breeds may be due to slightly
shorter vertebrae in such breeds (Lamb et al., 2001).

Greyhound

Left/Right

10.5±0.1

Marin et al.
(2007)

Rottweiler

Left/Right

9.8±0.1

Marin et al.
(2007)

Beagle

Left
Right

10.2±0.4
10.5±0.4

Kraetschmer
et al. (2008)

Iranian
native dogs

Left
Right

9.4±0.55
9.4±0.54

Ghadiri et al.
(2010)

American pit
bull Terrier

Right

10.9±0.4

Lahm et al.
(2011)

10.6±0.5

Lamb et al.
(2001)

VHS in eight dog breeds (Pug, Pomeranian, Yorkshire
terrier, Dachshund, Bulldog, Shih Tzu, Lhasa Apso, and Boston
terrier dog breeds) was reported by Jepsen-Grant et al. (2013).
They reported that the VHS in Pug, Pomeranian, Bulldog, and
Boston terrier was significantly greater than 9.7±0.5 given by
Buchanan and Bucheler (1995) for general dog population. VHS
of Lhasa Apso was significantly affected by body condition
score (BCS). Anomalous vertebrae in the thoracic column were
associated with a significant increase in VHS of the Bulldog and
Boston terrier and thoracic depth to width ratio did not have a
significant effect on VHS.
Unpublished data of VHS in Indian mongrel dogs (Kumar
et al. 2011) showed that the VHS in clinically normal mongrel
dogs was 9.7±0.67. VHS distribution range was 8.4 to 10.9 and
no significant difference was found between male and female
animals.
The authors have themselves studied effect of gender, body
weight and radiographic positioning on VHS in Labrador
retrievers. Vertebral heart score was 10.29±0.04 and 10.39±0.05
in left and right lateral recumbency and was not affected by
gender, body weight and radiographic positioning. These values

CLINICAL UTILITY
VHS can be used for diagnosis of different heart problems with
variable accuracy. It is reported that electrocardiographic and
echocardiographic parameters provide findings comparable to
VHS for evaluation of heart size (Nakayama et al., 2001).
Accuracy of the VHS in the diagnosis of cardiac disease was
first evaluated by Lamb et al. (2001). Thoracic radiographs of 126
dogs, including animals with proven cardiac disease (50 dogs),
other thoracic diseases (26 dogs), and no clinical signs of
cardiovascular or respiratory disease (50 dogs) were mixed and
examined. VHS value above 10.7 was found to be moderately an
accurate sign of cardiac disease in most of the cases. In a study,
the effect of different drugs (pimobendan and ramipril) upon
size of the heart affected by myxomatous mitral valve disease
was evaluated by VHS method. Pimobendan was found more
effective than remipril as there was more reduction in VHS in
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pemobendan group (Woolley et al., 2007). VHS has been
reported to be fairly accurate for exclusion of a cough of cardiac
origin in dogs with mitral valve disease (MVD) (Guglielmini et
al., 2009). In another report on congestive heart failure (CHF)
due to mitral valve regurgitation, VHS was found to be useful
for detecting onset of CHF in Cavalier Kings Charles Spaniels
with mitral regurgitation (Lord et al., 2011). VHS has been found
as the most accurate radiographic index for identifying dogs
with pericardial effusion (PE) and also to differentiate it from
other cardiac diseases (Guglielmini et al., 2012). Authors have
applied VHS along with the other cardiac diagnostic modalities
viz., ECG and echocardiography in diagnosing dilatation
cardiomyopathy (DCM). It was observed that VHS increases
significantly in DCM (Gugjoo et al., 2012) and inference drawn
was that VHS can be used to diagnose such conditions very
effectively. However, Inter-observer variability in selection of
reference points for calculation of VHS should be considered
while evaluating as this might affect the results (Hansson et al.,
2005).
CONCLUSION
VHS is one of the easily available, applicable and interpretable
cardiac diagnostic techniques as it does not require any
sophisticated equipment. However, the problems related to
inter-observer variability in relation to reference point selection
and also due to breed specific values, should be considered
while interpreting the radiograph.
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