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ABSTRACT

Veterinary practices rely on the Vertebral Heart Score (VHS) to determine cardiac silhouette size. In addition to cardiac
silhouette, pulmonary patterns are examined to determine if clinical signs such as coughing are of cardiac or respiratory origin.
Concept of interpreting pulmonary patterns are based on the anatomical structure involved within the lung parenchyma to
make assumptions of manifestation of diseases. Modified Radiographic Chest Volume (mRCV) and Vertebral Heart Score
(VHS) were retrospectively evaluated for correlation with pulmonary patterns in dogs. Patient data and thoracic radiographs
were obtained from the digital repository of selected veterinary clinics in Malaysia. Findings revealed that there are wide
variations in VHS and are significantly associated with pulmonary patterns (p < 0.05). Mean VHS values of 10.5+ 1.2, and
variations in mean mRCV across breed (26.74 = 16.71) were observed. The mRCV weakly correlated with VHS denoting that
changes in cardiac sizes does not necessarily synergise with lung volume. Therefore, it is recommended to evaluate pulmonary

patterns alongside VHS while interpreting thoracic radiographs for cardiorespiratory diseases.
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INTRODUCTION

Respiratory conditions, including pneumonia, pulmonary
oedema, chronic obstructive pulmonary disease, and
pneumothorax, are common in dogs. Actiologies of
respiratory diseases include infectious, parasitic, allergic,
congenital, toxic and trauma. Clinical presentation may
include cough, tachypnoea, dyspnea (inspiratory or
expiratory), exercise intolerance, syncope, and cyanosis
(Koster and Kirberger, 2016). However, these clinical signs
are also obtained in cardiovascular diseases such as
cardiomyopathies, valvular disease, septal defects,
congestive heart failure and myocarditis.

Diagnostic approaches to cardiorespiratory diseases include
history taking, physical examination, thoracic x-rays,
ultrasonography, bronchoscopy and other advanced imaging
modalities. Chest x-rays are typical for dogs with lower
respiratory signs, including cough, rapid and shallowed or
laboured breathing (Koster and Kirberger, 2016). For
thoracic radiographic evaluation, a minimum of two
standard views (lateral and either ventrodorsal or
dorsoventral) is required (Mattoon, 2010). Therefore,
correct and consistent radiographic techniques with precise
positioning are essential to reduce radiographic errors which
may lead to misdiagnosis (Alexander, 2010).

The widely used VHS for cardiac size estimation was first
described by Buchanan and Biicheler (1995). Vertebral

Heart Score quantitatively compares the heart size to
vertebrae length. This method helps in reducing false-
positive findings (higher specificity and low sensitivity) of
heart diseases due to breed and size variations among dogs
(Marin et al., 2007). High VHS wvalues could be an
indication of cardiac conditions such as congestive heart
failure (CHF), dilated cardiomyopathy (DCM) and mitral
valve disease (MVD) requiring further tests (Lamb et al.,
2002). Changes in cardiac silhouette size affect the
structural conformation of the lungs (McKiernan and
Johnson, 1992). Observable radiographical changes range
from the development of pulmonary patterns (alveolar,
bronchial, bronchointerstitial, bronchoalveolar, interstitial,
or mixed), tracheal elevation and changes in cardiac
silhouette (Philip, 2005; Olive et al., 2015).

Radiographic Chest Volume (RCV) is commonly used in
human medical practice to estimate lung capacity. Various
techniques have been established for measuring chest
volume for humans, such as using Computed Tomography
(CT) scans, chest radiography, body plethysmography
(Loyd et al., 1966), nitrogen washout and helium dilution
methods. A simple modified chest radiography method to
measure RCV was later developed (Gamsu et al., 1975). It
is calculated by multiplying the longitudinal distance from
the apex of the right lung to the left costophrenic angle (L)
and the transverse width from the right to the left



costophrenic angle (W). Values calculated in centimetres
are large and unfeasible for clinical use, hence the need to
modify and adapt it for small animal practices. None of
these methods has been adopted for use in veterinary
practices (McKiernan and Johnson, 1992).

Pulmonary pathologies occur with a variety of structural and
functional changes to the respiratory rate and lungs
parenchyma (Nugent et al., 2019). Reduction in lung
functional capacity is resultant from pulmonary changes
seen on radiographs as pulmonary patterns, lung collapse or
consolidations.

Pulmonary patterns such as the alveolar lung pattern appear
when the alveolar sacs are occupied by either fluid or cells.
This pattern appears as a localised area of increased soft
tissue opacity without distinct borders. Presence of lobar
signs, air bronchograms and increase the opacity of specific
area without regular borders are the radiographic features of
alveolar patterns. Common differential diagnoses for
pulmonary alveolar pattern including pneumonia,
haemorrhage, neoplasia, and lung lobe torsion (Torad and
Hassan, 2014).

Bronchial pattern indicates there is increased bronchial
visibility, often because of changes in bronchial wall
thickness, size of the lumen or reduced visibility of
surrounding vessels. The appearance of tramlines and
doughnut markings are typical. In normal lungs, bronchial
walls are usually seen only in the perihilar area, where the
blood vessels are seen (Torad and Hassan, 2014).

Interstitial lung patterns can be subdivided into a structured
and unstructured. The infiltration of cells and fluid causes
interstitial lung pattern into the interstitial tissue. Linear or
reticular structural changes characterise interstitial. If it is
localised, there would be multiple nodules which indicate
structured interstitial patterns. Structured interstitial patterns
such as nodular interstitial pattern is possibly associated
with neoplasia, small abscesses, granuloma, fluid-filled
bullae, cysts, and hematoma. The unstructured interstitial
pattern is characterised by generalised increased of lung
opacity with a hazy appearance (Seiler, 2010).

The unstructured interstitial pattern occurs due to fluid
accumulation, cells or fibrin within the connective tissue of
lungs, which blurs the outlines of pulmonary vessels,
bronchi and bronchioles (Seiler, 2010). Possible aetiologies
are lymphosarcoma, interstitial fibrosis or pneumonia,
oedema, and haemorrhages.

As increased heart size can cause displacement and
compression of respiratory organs, there is a need to
understand the effect of heart size on lung volume and
radiographic patterns. Modified radiographic chest volume
(mRCV) and vertebral heart score (VHS) were
retrospectively evaluated in dogs to assess their relationship
with pulmonary patterns as these have received little
scholarly attention. Currently, VHS, which is widely used in
small animal practices, could be complemented with the
usage of mRCV and pulmonary patterns. Most of the time,
VHS solely does not provide a definite diagnosis.
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MATERIALS AND METHODS

A retrospective study using primary data from digital
repository from selected Veterinary clinics in Malaysia was
conducted. A total of 48sets of radiographic samples were
collected using a random sampling method. Two-
dimensional thoracic radiographs were retrieved in Digital
Imaging and Communications in Medicine (DICOM)
format. The radiographs were then analysed using Horos™
(Horos Project, United States). Patient medical data such as
age, weight, breed and reasons for visits were recorded.

Sample data age ranged from I-month-old to 15 years old
dog were used. The records comprised of 23 bitches and 25
males across three breeds without respiratory-related
diseases. The samples included were27 Mongrels, 8 Poodles
and 13 Shih Tzus.

Modified Radiographic Chest Volume Measurement
(mRCV)

Modified Radiographic Chest Volume was measured using
imaging software, Horos™. Ventrodorsal or dorsoventral
radiographs were used for mRCV measurement following
the method described by Gamsu et al. (1975). It involved a
simple line measurement of the longitudinal distance from
the apex of the right lung to the left costophrenic angle (L)
and the transverse width from the right to the left
costophrenic angles (W). Then, two dimensions (L X W)
were multiplied. The data were then divided by a factor of
10 for a practical purpose during the calculation.

(Longitudinal distance (L) x Transverse width (W)) / 10 =
modified RCV ... Equation 1

Vertebral Heart Score (VHS)

Vertebral Heart Score measurements were taken according
to Buchanan and Biicheler (1995) method. As shown in
Figure 1A, it involved summing of lines drawn for heart
length (long axis — LA) and width at its greatest length
(short axis — SA) and aligning with the vertebral bodies
beginning from the fourth thoracic vertebra (T4). Typical
VHS values range between 8.7 and 10.7 (Buchanan and
Biicheler, 1995).

(LA)

+ Short axis VHS

Equation 2

Long axis (SA)

Analysis of Pulmonary Patterns

Each lateral radiograph was observed and analysed closely
to detect any abnormalities. The alveolar pattern was
confirmed by the presence of localised soft tissue opacity
presence in the lung field. Additional evidence including the
presence of lobar signs, air bronchograms and increase
opacity of specific area without regular borders (Figure 1B).

Identification of bronchial pattern was based on the
increased visibility of the bronchial tree, followed by a
“tramline” appearance and the presence of “doughnut
markings. The interstitial pattern was determined based on
the presence of linear or reticular pattern (Figure 1C).
Presence of multiple nodules indicates structured interstitial
patterns. The unstructured interstitial pattern was
characterised by generalised increased of lung opacity with



a hazy appearance (Figure 1D). The bronchoalveolar pattern
was identified as a combination of both bronchial and
alveolar pattern, whereas bronchointerstitial pattern was

Sahel J. Vet. Sci. Vol. 17, No. 4, Pp. 31-36

identified when there was the presence of both bronchial
and interstitial pattern.

Figure 1: Demonstration of the method for measuring VHS from a left lateral radiograph of a dog; orange line denotes LA
while green line denotes SA (A). Alveolar pattern; blue arrows pointing towards infiltrates, which produces a patchy
appearance (B). Bronchial pattern. Blue arrows show the “doughnut” markings; Red arrow shows the “tramline” markings of

thickened bronchi (C). Showing an interstitial pattern (D).

Data Analyses

The relationship between radiological chest volume and
vertebral heart score with pulmonary patterns was analysed
using Chi-Square. Correlation of risk factors including sex,
age and weight with mRCV and VHS were done using
paired T test. Forty-eight samples were categorised into four
age groups (0 — 3 years, 4 — 7 years, 8§ — 11 years, 12 — 15
years) and 3 different categories (0 — 9.9kg, 10 —19.9kg, 20
—29.9kg) for weight.

RESULTS

Vertebral Heart Score (VHS)
Radiographic Chest Volume(mRCYV)

The Vertebral Heart Score of 48 dogs showed a wide
variation with a mean value of 10.5£1.2, as shown in Table
1. The mRCV revealed a more extensive variation compared
to the VHS, with a mean value of 26.45 +16.71. Breed
variation was also observed (Table 1). Shih Tzu showed the

and Modified

highest VHS value of 10.9 + 1.2, followed by Poodles (10.7
+ 0.5) and least by Mongrel (10.2+ 1.3).

Table 1: Breed variation in VHS and mRCV

Breed VHS (MeantSD) mRCV (MeanzSD)
Mongrel 10.2+1.3 39.3+17.0
Poodle 10.7£0.5 18.4£7.94
Shih Tzu 10.9+£1.2 18.34£3.77
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Body weight played significant roles (p < 0.05) in the
mRCV values obtained, in contrast to sex and age (p >
0.05). Sex and body weight did not significantly (p > 0.05)
affect VHS, unlike age (p < 0.05) as presented in Table 2.

Pulmonary Patterns

There was 87.5% (42/48) occurrence of pulmonary patterns.
The occurrence of the bronchial pattern was the highest
(38.10%), while the alveolar pattern alone was the least
common (7.14%) — Table 3. The distribution of pulmonary
patterns across age (Table 4) revealed that oldest age group



dogs had the highest occurrence of pulmonary patterns
(35.71%) indicating that as dogs ages, the occurrence of
pulmonary patterns increases.

Table 2: Variation in VHS and mRCV for dogs’ sex, age and

body weight
Parameters VHS (Mean£SD) mRCV (Mean+SD)
Sex Male 10.6+1.2P 24.04+19.2P
Female 10.3+1.1P 29.35+13.83P
Age groups  0-3 10.1+£0.92 21.47+11.16°
(Months) 4-7 10.4+1.02 28.89+17.34P
8-11 10.5+1.22 25.18+11.99P
12-15 10.7+1.42 29.30+21.12P
Body 0-9.9 10.741.0P 17.33+6.632
Weight 10-20.9 10.1+1.2P 38.42+15.512
(Kg) 20-20.9 10.7+1.6P 48.76+10.812

a. Significant difference (p < 0.05).
b. No significant difference (p > 0.05).

Table 3: Occurrence of different types of pulmonary patterns in
dogs

Pulmonary patterns Number of Percentage
Dogs Occurrence
Alveolar 3 7.14
Bronchial 16 38.10
Interstitial 8 19.04
Bronchointerstitial 6 14.29
Bronchoalveolar 9 21.43
Total 42 100.0

Table 4: Age distribution of dogs with pulmonary patterns

Age Number of dogs Percentage
(Years) Occurrence
0-3 6 13.63
4-7 8 18.18
8-11 13 29.55
12-15 15 35.71
Total 42 100.0

There was a significant association between the VHS and
the occurrence of pulmonary patterns. The mRCV had no
such relationship (p > 0.05). Among 48 samples, 21 dogs
showed VHS > 10.7. As VHS increased above 10.7 in
95.2% of cases, the occurrence of pulmonary patterns
tended to rise, although 79.2% of dogs with a VHS less than
10.7 also showed changes in pulmonary patterns.

Bronchial and interstitial patterns had the highest occurrence
(28.6%) among those dogs with VHS value greater than
10.7, followed by bronchoalveolar patterns (19.0%). Then
bronchointerstitial and alveolar patterns, both at 9.5%
occurrence. When combined, 53% of the bronchial patterns
were observed in 57.1% of all dogs having VHS >10.7.

DISCUSSION

Correlation between vertebral heart score, modified
radiographic chest volume and the occurrence of pulmonary
patterns were retrospectively studied in 48 dogs. Sex, age,
weight and breed were keyed in as factors in determining
the roles they play in the changes in VHS and mRCV.
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Measuring radiographic chest volume (RCV) is not a
routine diagnostic workup for small animal practice; it is
more applicable to human medical practice. Therefore, there
are limited references regarding RCV use in dogs.
Modifying and adapting human RCV measurement for dogs
revealed a wide variation in chest volume among dogs (4.61
to 77.66). The mean value for mRCV value is 26.45 + 16.71
among 48 dogs. It is typical among dogs due to breed
differences and may not necessarily be associated with
clinical diseases (Birks et al., 2017).

The mRCV for both male and female dogs were similar (p >
0.05), differing from the human medical findings. In
humans, lung volumes and chest wall of women are smaller
than males. The cross-sectional area of the rib cage, depth of
rib cages and length of the diaphragm of women, is lower
than the male (LoMauro and Aliverti, 2018). However, Choi
(2014) also revealed that lung volume and density were not
significantly affected by the sex of dogs. The dissimilarity
of results between human and veterinary medicine could be
due to different conformation and structural differences of
animals.

Currently, there were few studies on the effect of age on
lung volumes of dogs. This study revealed there were no
significant differences between mRCV and age group (p >
0.05). However, Robinson and Gillepsie (1973) reported an
increasing lung volume corresponding with ageing in dogs.

Samples studied by Robinson involving Beagles with
unrelated with respiratory diseases and part of longevity
study investing mammary carcinogenesis. Breed differences
likely contributed to variations of results.

For instance, in healthy Beagles, the relationship between
lung size and body weight were shown to be
disproportionately associated (Liu et al., 2015). Liu’s
studies showed a significant difference between weight and
mRCV (p < 0.05) was conducted in a single breed (24 male
beagles) with similar body weight (10 — 14kg) and age (8.5
— 14months) corresponded with this study. However, the
variable used in Liu’s studies were functional residual
capacity (FRC), whereas in this study mRCV was measured.

Mongrels showed higher mRCV than Poodles and Shih Tzu
in this study. The mRCV variation across breeds was
statistically insignificant. The closest report to this finding
observed differences in inspiratory capacities normalised to
body weights in dogs (Donati et al., 2018). Inspiratory
capacity does not necessarily correspond with total chest
volume may be the differential factor in comparison to this
study. During inspiration, the contracted diaphragmatic
muscles ensure an expanded lung field on radiography. This
is a limiting factor in mRCV studies which can be
standardised by maintaining radiographic measurements at
full inspiration on expiration only.

Regarding vertebral heart score (VHS), the range found
among sampled dogs was between 8.5 and 13.2 (10.5 £+ 1.2).
This study showed there was no significant between sex and
VHS (p > 0.05) According to Lamb et al. (2001), sex was
not a substantial factor in determining cardiac silhouette
sizes, which correlated with this study. On the other hand,



Gulanber et al. (2005) reported no significant difference
concerning the sex of the dogs had been reported. This
finding was also supported by Azevedo et al., (2018), who
observed no significant differences between sex for VHS
measured in the right and left decubitus views in healthy
dogs. Similar findings were reported by Schillaci et al.
(2009).

Jepsen-Grant et al. (2012) reported the insignificant
correlation between age and VHS in eight dog breeds,
where their results were similar to this study. Thus, denoting
that age is not an essential factor in the size dynamics of the
heart, but rather body conformation is a crucial factor. The
heart size grows corresponding to the overall body growth
(Sleeper and Buchanan, 2001).

While body growth corresponds with hearts size, it can also
be inferred that there would be no significant impact of
body weight on the heart size in dogs. This study observed
no considerable correlation between body weight and VHS
in line with earlier reports noting same (Bashir ef al., 2013;
Bodh et al., 2016). The VHS tended to increase as weight
increased in positive correlation (r = 0.96), according to
Azevedo et al. (2018). Thus, the continuous measurement of
the VHS as puppies grow would show significant growth-
related changes in contrast to a single shot correlation
analysis.

Several studies have shown breed variations in VHS
(Ghadiri et al., 2010). For example, the mean value of
poodle has been reported to be 10.12+0.51 by Fonsecapinto
and Iwasaki (2004), whereas for Dachshund is 9.7+0.5
(Jepsen-Grant et al., 2012), for Beagle is 10.5+0.4
(Kraetschmer et al., 2008). Therefore, it is recommended
that breed variations be strongly considered when evaluating
the clinical importance of VHS findings.

Pulmonary patterns were assessed in this study, as well. 42
out of 48 cases (87.5%) showed abnormal pulmonary
patterns, with the highest occurrence of bronchial patterns
(38.1%). Interstitial lung pattern usually accompanies
bronchial lung pattern (Spasov et al., 2018). Out of 45
cases, only six dogs (14.29%) presented with
bronchointerstitial pattern. Observation of bronchial pattern
is not necessarily due to respiratory disease. In geriatric
dogs, the bronchial pattern is usually seen despite lacking
evidence of respiratory diseases (Spasov et al., 2018). As
animal ages, mineralisation may extend along the bronchial
tree and follow by fibrosis. Therefore, considering the age
of animals is essential while evaluating thoracic
radiographs.

For dogs with VHS above 10.7, 95.2% of them showed
abnormal lung patterns. There were 16 cases (80.0%) with
VHS within the normal range (< 10.7) showing abnormal
lung pattern as well. In another study (Guglielmini et al.,
2009), the dogs with clearly recognisable radiographic signs
of a cough of cardiac origin had a higher VHS compared
with those with a cough of non-cardiac origin which
correlates with this study.

This study revealed that VHS and pulmonary patterns were
significantly associated (p < 0.05) In contrast, there was no
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significant association between mRCV and pulmonary
patterns. To date, there is no study done on the relation of
VHS, mRCV and pulmonary patterns. Due to high breed
variations among dogs, VHS itself could be insufficient for
case diagnosis. Therefore, pulmonary patterns should be
considered while evaluating VHS in thoracic radiograph
interpretation for a better diagnosis.

Conclusion

Based on this study, body weight showed positive relations
with mRCV, where there were no associations between sex
and age. VHS significantly differed among age and was not
affected by sex and weight. Bronchial patterns were the
most observed in this study (84.4%%, included data from
bronchial interstitial and bronchoalveolar patterns, excluded
those with normal lung field). VHS and pulmonary patterns
are significantly associated (p <0.05), where mRCV and
pulmonary patterns were not (p>0.05). Therefore, the
pulmonary pattern is a valuable diagnostic tool to be
included along with VHS while interpreting thoracic
radiographs for confirmation of cardiorespiratory diseases.
Modified Radiographic Chest Volume (mRCV) did not
show any diagnostic values in this case. The results above
do not reflect all breeds of dogs.
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