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Abstract 

 

This study was performed for the purpose of comparing vertebral heart score (VHS), radiographic left atrial 
dimension (RLAD) and vertebral left atrial size (VLAS) values derived from plain and contrast right lateral thoracic 
radiographs from 70 healthy, young adult Wistar albino rats and to identify reference values for these radiographic 
cardiac indices. Measurements were taken by two observers blinded to the study data. VHS, RLAD and VLAS median 
values and reference ranges were 8v and 7-9.3v for plain radiography, 8.2v and 7.4-9.5v for contrast radiography (P< 
0.000), 1.3v and 1-1.8v for plain radiography, 1.3v and 1.1-1.6v for contrast radiography (P <0.000) and 1.9v and 1.4-
2.4v for plain radiography and 1.95v 1.5-2.4v for contrast radiography (P<0.001), respectively. The only statistically 

significant difference was observed in terms of gender between VHS values from plain and contrast radiographs 
(P<0.02). Intraobserver and interobserver measurements revealed excellent agreement for radiographic cardiac indices 

obtained from contrast radiography. The study measurements indicate that contrast radiography provides a more 
effective quantitative assessment of cardiac and left atrial sizes than plain radiography. The radiographic cardiac index 
measurements presented in this study can serve as a reference baseline for both veterinarians and experimental 
cardiovascular studies. 
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Introduction 

Cardiac diseases seen in pet rats (Sharp and 
Villano, 2012; Dias et al., 2017), whose numbers are 

increasing rapidly, are also observed in other small 
exotic mammals including ferrets (Wagner, 2009), 
rabbits (Orcutt and Malakoff, 2020) and African 
hedgehogs (Black et al., 2011). Spontaneous 

cardiomyopathy is relatively common in older rats as 
part of the ageing process. The presence of left atrial 
and ventricular thrombosis in elderly rats has been 
linked to cardiomyopathy in previous studies 
(McInnes, 2012). 

Diagnostic imaging methods are important to the 
rapid and accurate diagnosis of cardiac diseases in pet 
rats and during follow-up in the therapeutic process. 
Radiological cardiac evaluation may also be required 
in experimental rat studies. Although 
echocardiography is an important imaging technique 
in the diagnosis of cardiac diseases, a special 
ultrasonography probe and software are required due 
to rats’ small body mass and high heart rate and 
experience is also needed on the part of the operator 
(Dias et al., 2021). Thoracic radiography is simpler and 

less expensive than echocardiography. The dimension 
of the cardiac silhouette can be evaluated both 
subjectively and objectively using thoracic 
radiography in cats and dogs, while other x-ray 
findings suggesting the presence of congestive heart 
disease, such as pulmonary edema, pleural effusion, an 
enlarged caudal vena cava (CaCV) and hepatomegaly-
related hepatic congestion can also be identified.  

The vertebral heart score (VHS) system for the 
objective measurement of the cardiac silhouette with 
thoracic radiography was first developed for dogs 
(Buchanan and Bucheler, 1995) and this evaluation 
system has also been described for several other 
species (Stepien et al., 1999; Litster and Buchanan 2000; 
Onuma et al., 2010; Black et al., 2011; de Moura et al., 
2015; Garcia et al., 2016; Dickson et al., 2016; Doss et al., 
2017) including Sprague-Dawley (Dias et al., 2021) and 
Wistar albino (Dogan et al., 2022) rats.  

As in VHS, there are two new indices capable of 
objectively evaluating the size of the left atrium from 
thoracic radiography in dogs - vertebral left atrial size 
(VLAS) (Malcom et al., 2018) and radiographic left 
atrial dimension (RLAD) (Sanchez Salguero et al., 

2018). VLAS was recently included by the American 
College of Veterinary Internal Medicine in the 
consensus guidelines in the diagnosis and follow-up of 
myxomatous mitral valve diseases in dogs (Keene et al., 

2019). RLAD possesses high specificity and sensitivity 
in determining left atrial enlargement (Sanchez 
Salguero et al., 2018). VLAS and RLAD reference values 

have not been reported for rats.  
Due to the difficulty in obtaining thoracic 

radiographs at the inspiration peak on account of the 
high respiration rate in rats (Dias et al., 2021), 

insufficient clarity of the cardiac silhouette because of 
the opacity of the cranioventral mediastinum on lateral 
radiographs and occasional superimposition of the 
apex of the heart over the diaphragm can adversely 
affect VHS measurements. Our hypothesis is that with 
the application of non-ionic contrast material from the 
tail vein, rather than the cardiac silhouette, the heart 

can be evaluated directly as its borders become clear 
and the CaCV can be unequivocally employed as the 
site for VHS, VLAS and RLAD value measurement. 

The purpose of this study was to reveal any 
difference between VHS, VLAS and RLAD values 
obtained from plain and contrast thoracic radiographs 
from young adult Wistar albino rats (Rattus Norvegicus) 
and to determine the normal values of these 
radiographic indices. 

Materials and Methods 

Animals: Approval for the experimental protocol was 
granted by the Akdeniz University Animal Care Ethics 
Committee, Antalya, Turkey (no. 
B.30.2.AKD.0.05.07.00/27). Seventy healthy, young 
adult intact rats (Rattus Norvegicus, Albinus, Wistar) 

were housed in the Akdeniz University Experimental 
Research and Application Center (Turkey), in groups 
of four to six animals (of the same sex), at 50-60% 
humidity and 20-21°C in a 12-h dark/light cycle. Ad 
libitum access was permitted to standard rat chow and 
water. Each rat underwent daily physical examinations 
throughout the study and no cardiovascular or 
pulmonary abnormalities (such as murmur, 
arrhythmia or abnormal respiratory sounds) were 
determined in any of the rats included in the study.  
Anesthesia protocol: Radiographs from all rats were 
obtained under general anesthesia, using the 
anesthesia protocol described by Dias et al. (2021). 

Anesthesia was induced in an induction chamber by 
means of 5% isoflurane gas (Aerrane Volatil®, 
Eczacıbası-Baxter, Istanbul, Turkey) in oxygen at a rate 
of 2 L/min. Anesthesia was subsequently maintained 
by 1–3% isoflurane delivered in oxygen at a rate of 1 
L/min, using a small face mask and a non-rebreathing 
circuit. A positive pressure breathing hold was 
employed solely at the time of radiographic exposure 
in order to yield an image at the inspiration peak. 
While a positive pressure breathing hold was 
employed, care was taken not to cause pulmonary 
hyperinflation, to preserves the opacity of the CaVC 
and not to cause excessive caudal displacement of 
diaphragm. Otherwise, all animals continued 
breathing spontaneously during which  breathing was 
maintained by all the animals throughout the entire 
procedure. Venous access was opened from the tail 
vein under anesthesia for the administration of 
contrast material.  
 
Thoracic radiography: 
Thoracic plain radiography (Figure 1A1): Right lateral 
thoracic radiographs were obtained separately for each 
animal (X-ray tube: ORIX-65, Ardet®, Istanbul, 
Turkey. Parameters: 65 kVp, 8 mA, 0.1 s, 30-cm film-
focus distance). The rat was was positioned in a right 
lateral recumbency at the center of the x-ray cassette, 
and the thoracic and pelvic legs were pulled in a cranial 
and caudal directions, respectively. The beam was then 
centered at the level of the thorax between the 
scapulohumeral joint and the last rib.  
 
Thoracic contrast radiography (Figure 1B1): Once the 
cassette had been replaced, exposure was performed 
following a 0.5 ml bolus injection of non-ionic 
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iodinated contrast material (300 mg I/ml, Iohexol, 
Omnipaque®, Opakim, Turkey) using the same 
radiographic position and factors as for the plain 
radiography.  

Both plain and contrast radiographs were regarded 
as being of diagnostic quality in case of substantial 
symmetry/superposition of the ribs and scapulae in 
addition to widely accessible cardiothoracic structures 
exhibiting sufficient contrast and pulmonary inflation. 

 

 
 

Figure 1 Plain (A1) and contrast (B2) radiographic studies of thorax in right lateral recumbencies (parameters: 65 kVp, 8 mA, 0.1 s, 
30-cm film-focus distance). Example of VHS and RLAD (A2 and B2), and VLAS (A3 and B3) measurements on right lateral 
plain and contrast views. L: long axis of VHS, S: short axis of VHS, LA: left atrium, T4: fourth thoracic vertebrae, CaVC: 
caudal vena cava. 

  
A computed radiography reader (FCR Prima T2, 

FujiFilm®, Tokyo, Japan) was used to transfer the 
image on the cassette to a digital environment and the 
images obtained were stored. After being anonymized 
and randomized, these radiographic images were 
evaluated by two observers on commercially available 
computer software (Image Intelligence™, FujiFilm®, 
Tokyo, Japan). The observers were blinded to each rat’s 
sex, age and body weight. The observers were able to 
manipulate the images when they considered this 
necessary, including for altering the window width, 
level and magnification and radiographic cardiac 
index measurements were performed. Each observer 
performed VHS, VLAS and RLAD measurements 
obtained from plain and contrast radiographs twice, at 
one-week intervals. Corresponding VHS, VLAS, and 
RLAD means were calculated for both observers, these 
being the values employed for statistical analyses.  

 
Measurements of radiographic cardiac indices: VHS 
(Buchanan, 2000), VLAS (Malcom et al., 2018), and 
RLAD (Sanchez Salguero et al., 2018) from both plain 

and contrast right lateral radiographs were measured 
in accordance with their respective published methods. 
These are described below and also illustrated in 
Figure 1. 

For VHS, the long and short axes of the cardiac 
silhouette were measured from the right lateral view. 
The cardiac long axis (L) was defined as the distance 
between the ventral border of the left main stem 
bronchus and the most distant ventral contour of the 
cardiac apex. The cardiac short axis (S) on the same 
view was determined by measuring the distance from 
the intersection of the caudal border of the heart 
silhouette with the dorsal border of the CaCV to the 
cranial border of the heart silhouette. Commercial 
computer software was employed to apply a 90-degree 
rotation between L and S. L and S were then relocated 
over the thoracic vertebrae from the cranial edge of the 
fourth thoracic vertebra (T4), parallel to the vertebral 
column. Next, each length was expressed as the 
number of thoracic vertebrae (v) to the nearest 0.1v. 
The sum of the two values was adopted as VHS (Figure 
1A2 and B2). 

The radiographic images used for VHS were also 
employed to calculate RLAD values, on the same 
computer software. A line bisecting the 90° angle at the 
junction of the VHS L and S axes was extended from 
there to the radiographic projection of the dorsal edge 
of the left atrium. The computer software was 
employed in order to establish a 45° angle between this 
line and the junction of the L and S axes. This length 
was then normalized to v beginning from the cranial 
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edge of the T4 and to the nearest 0.1v, similarly to VHS. 
This was then employed as the RLAD value (Figure 
1A2 and B2). In the event of difficulty in distinguishing 
the dorsal anatomical margins of the left atrium and 
the pulmonary veins in this area, the most dorsal 
aspect of the soft tissue or contrast opacities observed 
at this level was employed for all calculations. 

VLAS was also obtained from the radiographic 
images employed for the calculation of VHS, and on 
the same computer software. In the first step, a line was 
measured from the center of the most ventral aspect of 
the carina to the most caudal aspect of the left atrium 
at the junction with the dorsal border of the CaVC. This 
was then relocated over the thoracic vertebrae 
beginning from the cranial edge of T4, similarly to 
VHS. This length was then normalized to v beginning 
from the cranial edge of T4 and to the nearest 0.1v, 
similarly to both VHS and RLAD, and was adopted as 
VLAS for the analyses (Figure 1A3 and  
B3).  
 
Statistical analysis: All statistical analysis was 

performed on Statistical Package for the Social Sciences 
version software 22.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were generated. Normality of 
data distribution was evaluated using the Shapiro-
Wilk test. No variables were found to be normally 
distributed and the results were expressed as median 
and interquartile range (IQR). Wilcoxon’s signed rank 
test was applied to compare pre- and post-contrast 
material administration values. Correlations between 
VHS, RLAD and VLAS values obtained from plain and 
contrast radiographs were calculated using 
Spearman’s rank-order correlation coefficient. 
Interobserver and intraobserver variabilities for VHS, 
RLAD and VLAS were evaluated by means of 
intraclass correlation coefficient (ICC) estimates and 
95% confidence intervals (CIs) based on a single rater, 
absolute agreement, with a two-way random 
(interobserver) and mixed (intraobserver) effect. ICC 
values >0.9 were regarded as excellent, 0.75 to 0.9 as 
good, 0.5 to 0.75 as moderate and <0.5 as poor. Both 
intraobserver and interobserver variabilities assessed 
by means of ICC were found to exhibit good to 
excellent agreement for both radiographic methods 

(ICC >0.75) (Koo and Li, 2016). P values < 0.05 were 

considered significant for all analyses. 

Results 

The study was performed with 70 healthy rats, 35 
male and 35 female, with a median age of 11 weeks 
(range 8-14) and a median weight of 322.5 g (range 200-
455). Median weights were 350 g for the male rats 
(range 210-455) and 260 g for the females (range 200-
335).  

No complications associated with anesthesia or 
contrast material were encountered in any animals and 
no mortality occurred. Measurement of radiographic 
cardiac indices was performed in a problem-free 
manner from both plain and contrast radiographs.    

VHS, VLAS and RLAD values obtained from plain 
and contrast radiographs are summarized in Table 1. 
Median values and reference ranges for VHS were 8v 
(7-9.3v) for plain radiographic measurements and 8.2v 
(7.4-9.5v) for contrast radiographic measurements (P< 

0.000). Median values and reference ranges for RLAD 
were 1.3v (1-1.8v) for plain radiographic 
measurements and 1.3v (1.1-1.6v) for contrast 
radiographic measurements (P< 0.001), and 1.9v (1.4-

2.4v) for plain radiographic measurements and 1.95v 
(1.5-2.4v) for contrast radiographic measurements for 
VLAS (P< 0.000) (Figure 2). Only VHS exhibited a 

significant gender difference on both plain and 
contrast radiographs (P< 0.02) (Table 2). 

No correlation was determined between VHS and 
RLAD (r= 0.07, P> 0.05), between VHS and VLAS (r= 
0.08, P> 0.05 or between RLAD and VLAS (r= 0.04, P> 

0.05) in terms of plain radiographic measurements. No 
correlation was also determined between VHS and 
RLAD (r= -0.10, P> 0.05), between VHS and VLAS (r= 
-0.04, P> 0.05) or between RLAD and VLAS (r= 0.02, P> 

0.05) in terms of contrast radiographic measurements. 
VHS, RLAD and VLAS methods exhibited good 

intraobserver and interobserver agreement for plain 
radiographic measurements. Intraobserver and 
interobserver measurements also revealed excellent 
agreement for contrast radiographic measurements for 
all variables (Table 3). 

 
Table 1 Mean and standart deviation (SD), 95% confidence interval (95% CI) and P values of vertebral heart score (VHS), 

radiographic left atrial dimension (RLAD) and vertebral left atrial size (VLAS) in Wistar rats. 
 

Variable Mean±SD  95% CI  P value 

VHS 
Plain 7.97±0.52  7.85-8.1  

0.000 
Contrast 8.22±0.41  8.13-8.32  

RLAD 
Plain 1.27±0.18  1.23-1.32  

0.000 
Contrast 1.34±0.12  1.32-1.37  

LVAS 
Plain 1.86±0.23  1.82-1.92  

0.001 
Contrast 1.96±0.21  1.91-2  
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Figure 2 Boxplots comparing vertebral heart score (VHS), radiographic left atrial dimension (RLAD) and vertebral left atrial size 
(VLAS) values from plain and contrast radiographs. 

 
Table 2 Mean and standart deviation (SD) of vertebral heart score (VHS), radiographic left atrial dimension (RLAD) and vertebral 

left atrial size (VLAS) for female versus male rats. 
 

Variable Females (n=35)  Males (n=35) 

VHS 
Plain 7.85±0.43*  8.11±0.57* 
Contrast 8.07±0.32*  8.31±46* 

RLAD 
Plain 1.24±0.19  1.29±0.16 
Contrast 1.32±0.12  1.34±0.11 

LVAS 
Plain 1.85±0.18  1.9±0.24 
Contrast 1.93±0.17  1.97±0.23 

*Superscript within the same row significantly differ (P< 0.05) 
 
Table 3 Intraobserver and interobserver agreement for vertebral heart score (VHS), vertebral left atrial size (VLAS) and 

radiographic left atrial dimension (RLAD) in Wistar rats 
 

Variable 
Intraobserver agreement  Interobserver agreement 

ICC 95% CI P value  ICC 95% CI P value 

VHS 
Plain 0.81 0.51-0.92 ˂0.001  0.75 0.36-0.90 ˂ 0.05 
Contrast 0.97 0.92-0.99 ˂0.001  0.96 0.90-0.98 ˂0.001 

RLAD 
Plain 0.81 052-0.92 ˂0.001  0.73 0.32-0.89 ˂ 0.005 
Contrast 0.96 0.89-0.98 ˂0.001  0.92 0.79-0.97 ˂0.001 

LVAS 
Plain 0.88 0.69-0.95 ˂0.001  0.85 0.63-0.94 ˂0.001 
Contrast 0.98 0.94-0.99 ˂0.001  0.91 0.78-0.96 ˂0.001 

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval. 
   

Discussion 

The purpose of this study was to compare VHS, 
RLAD and VLAS values obtained from plain and 
contrast right lateral thoracic radiographs from 70 
healthy albino Wistar rats and to determine the normal 
values for these radiographic cardiac indices.  

VHS is a reliable index for evaluating cardiac 
enlargement associated with eccentric hypertrophy, 
particularly due to volume overload, in patients with 
suspected heart disease based on measurements of 
cardiac silhouette dimensions from thoracic 
radiography (Buchanan and Bucheler, 1995; Buchanan, 
2000). This radiographic cardiac index is based on a 
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good correlation between heart size and the length of 
the thoracic vertebral body. (Sanchez Salguero et al., 

2018). A slight variation was subsequently developed 
by measuring the short axis from the dorsal border of 
the CaCV order to include the left atrial body at lateral 
thoracic radiography (Buchanan, 2000). Since the size 
of the left atrium was to be evaluated with VLAS and 
RLAD methods in this study, VHS measurements were 
performed on the basis of that variation. 

VHS measurement has been shown to be affected 
by the cardiac cycle and respiration phases (Oliver et 
al., 2015, Brown et al., 2020). Rats possess a high 

respiration rate and cardiac cycle. However, rat 
intubation is both difficult and is not performed in 
veterinary clinical practice and it may therefore not be 
possible to obtain thoracic radiographs in the 
inspiration phase in rats if the animals are not 
intubated (Dias et al., 2021). Additionally, similarly to 

rabbits (Pariatus, 2009), due to soft tissues such as the 
thymus and intrathoracic fat, the cranioventral 
mediastinum in rats exhibits soft tissue opacity and 
this may adversely affect VHS measurement since it 
will blur the cranial margin of the heart. In a study 
conducted in Wistar rats, it has been shown that 
thymus weight and its total volume reached the 
highest values in  between 2 and 3 month old animals, 
gradually decreasing from the 3rd to 6th month and 
remaining constant after the 6th month (Brelinska et al. 

2008). In the present study, the prominence of the 
cranial margin of the heart on right lateral thoracic 
radiographs was corrected with positive pressure 
breath-holding during radiographic exposure, in such 
a way as to allow measurements on plain radiographs 
and respiratory movement-related (secondary) motion 
artifact was minimized. VHS is a radiographic 
measurement method that evaluates the dimension of 
the cardiac silhouette in an objective manner. High 
values can thus be obtained in VHS measurements 
obtained from plain radiography in the presence of 
excessive pericardial fat or pericardial effusion. 
However, since the heart can be evaluated directly 
using contrast thoracic radiography, cardiomegalies 
deriving from cardiomyopathy can be diagnosed. In 
contrast to plain radiography, the heart can be 
evaluated directly with its clear margins, rather than 
the cardiac silhouette, at contrast radiography in the 
present study. Additionally, the dorsal border of the 
CaCV used as the measurement site for VHS, VLAS 
and RLAD values was clearer at contrast radiography. 
Similar to VLAS and RLAD values, a statistically 
significant difference was observed between VHS 
values obtained with plain and contrast radiography 
(P< 0.000).  

Dias et al. (2021), and Dogan et al. (2022), also 

reported VHS values in healthy rats. However, the 
VHS values in the present research were higher than in 
those two studies. Breed-associated variations affect 
VHS values and VHS values in dogs have been shown 
to be breed-specific (Puccinelli et al., 2012; Bodh et al. 
2016; Bagardi et al., 2021). The VHS values in this study 
were different from VHS values reported in Dias et al.’s 

(2021), study involving Sprague-Dawley rats. Those 
two studies were performed in rats of similar age and 
body weight. However, the difference in VHS values 
suggests that this radiographic cardiac index may be 

breed-specific. Doğan et al. (2022), obtained VHS 

values from Wistar rats (7.34v) but their results were 
different, which may be attributable to their measuring 
VHS using the uncommon method described by 
Ljubica et al. (2007), in 10-month-old male rats 

irrespective of the respiration phases. Age is an 
important factor for VHS (Gunther-Harrington et al, 
2021). However, both male and female rats are 
considered to reach sexual maturity at 4.5 weeks of age. 
Additionally, average body weight is 267-500 g for 
adult male rats and 225-325 g for adult female rats 
(Lennox and Bauck, 2012). Both median age (11 weeks) 
and median body weight (322.5 g; 350 g for male rats 
and 260 g for female rats) in the present study were 
similar to Dias at al.’s (2021), study. As they pointed 
out, considering the sexual maturation age and adult 
body weight, the radiographic cardiac indices obtained 
in this study are considered representative of adult 
rats. The absence of physeal lines at the vertebrae in all 
thoracic radiographies was an indication of bone 
maturity (Figure 1). The effect of the age factor on VHS 
values was beyond the scope of this study. Further 
studies are now needed to determine how breed-
associated variations and age may affect VHS in rats. 
Similarly to Dias et al. (2021), we determined a gender 

difference in terms of VHS values obtained from both 
plain and contrast radiography (P< 0.02), with higher 

values being determined in male rats compared to 
females (Table 2). 

Left atrium size has been shown to be capable of 
being measured objectively in dogs and VLAS and 
RLAD can be used in the radiographic diagnosis of 
myxomatous mitral valve disease (Malcom et al., 2018; 
Stepien et al., 2020; Mikawa et al., 2020; Lam et al., 2021). 

VLAS and RLAD methods are positively correlated 
with echocardiographically-derived left atrial (LA)-to-
aortic root (Ao) ratio values in dogs (Lam et al., 2021). 

VLAS ≥2.5v exhibits 87% sensitivity and 67% 
specificity for left atrium enlargement (LA/Ao ≥1.6) 
(Malcom et al., 2018), while RLAD ≥1.8v exhibits 93.5% 
specificity and 96.8% sensitivity (Sanchez Salguero et 
al., 2018). Further studies are needed to compare the 

relationship of these two radiological indices with the 
echocardiographic dimension of the left atrium in rats.  
VLAS median values and reference intervals of 2.1v 
(1.8-2.3v) (Malcom et al., 2018) and 1.9v (1.4-2.2v) 
(Vezzosi et al., 2020) have been reported for healthy 

dogs. Similar to VHS, VLAS is also breed-specific in 
dogs. Median VLAS values for Maltese dogs are 2v 
(1.8-2.1v) (Baisan and Vulpe, 2021), compared to 1.8v 
(1.3-2.1v) (Puccinelli et al., 2021) for Chihuahuas and 

1.79v (1.68-1.9v) for Cavalier King Charles Spaniels 
(Bagardi et al., 2021). The VLAS values obtained from 

both plain and contrast radiography in the present 
study were more compatible with those reported by 
Vezzosi et al., (2020), and in agreement with their 

study, we determined no effect of gender on VLAS. 
While positive correlation between VLAS and VHS has 
been determined in dogs (Vezzosi et al., 2020; Baisan 

and Vulpe, 2021), no correlation was observed between 
VLAS or RLAD and VHS on either plain or contrast 
radiographs in the present study.  

The RLAD values obtained from plain and contrast 
radiography in the present study were higher than 
those obtained by Lam et al. (2021), and Bagardi et al. 



ÇETİNKAYA M.A. and KAYA M. / Thai J Vet Med. 2022. 52(3): 485-492.            491 

 

(2021), from healthy dogs or dogs without left atrial 
enlargement (1.22±0.24 and 1.2±0.24, respectively) but 
lower than those reported by Sanchez Salguero et al. 
(2018) (1.41±0.23). Consistent with Bagardi et al. (2021), 

our results show that gender has no effect on RLAD in 
Wistar albino rats.  

Another factor affecting VHS is interobserver 
variability (Hansson et al., 2005; Boswood et al., 2000). 

The excellent agreement in intra- and interobserver 
variability for cardiac indices obtained from contrast 
radiography shows that this technique, which is easy 
and uncomplicated, is more effective than plain 
radiography in the direct quantitative evaluation of 
heart and left atrium dimensions.  

In conclusion, this study presents reference values 
for VHS, VLAS and RLAD obtained from plain and 
contrast right lateral thoracic radiographs from healthy 
Wistar albino rats. Further studies are now needed to 
determine whether VHS obtained from contrast 
radiography in rats can be used in the diagnosis of 
cardiomegaly originating from cardiomyopathies and 
whether VLAS and RLAD can be employed in the 
diagnosis of left atrial enlargement. The VHS, RLAD 
and VLAS obtained from Wistar albino rats in this 
study can serve as a reference baseline both by 
veterinarians and in experimental studies. 
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