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Abstract 

Introduction. In veterinary medicine, X-ray diagnostics is one of the most popular and affordable methods of visual 

diagnostics of pathologies not only of the musculoskeletal system, but also of some parenchymatous organs in the thoracic 

and abdominal cavities. Identification of cardiac pathologies most often begins with X-ray examination, however, the use 

of special techniques is sometimes required for reliable determination of the presence or absence of cardiomegaly in 

animals under examination. One of the most reliable methods for assessing the condition of the heart is the vertebral heart 

scale (VHS) method. The aim of the present review is to summarise the data available in literature sources on the use of 

the vertebral heart scale method during X-ray diagnostics of the feline and canine thoracic cavity, and to assess the rele-

vance and prospects for development of this technique. 

Materials and Methods. The search for the articles for the scientific review was conducted in the PubMed and  

eLIBRARY.RU databases. The search covered only publications in Russian and English, published between January 1, 

1995 and December 31, 2024. According to the criteria of including a scientific paper in a review, the article should have 

met the following selection criteria: 1) contain information about using the vertebral heart scale method of measurement 

in dogs or cats, 2) have a full-text version. The results were presented in the form of PRISMA flow chart and a table. 

Results. The review encompassed 31 articles. In the papers, the following aspects were in the focus of study: vertebral 

heart scale (VHS) measurements in dogs and cats in the normal and pathological condition; requirements to the technique 

of taking X-rays intended for vertebral heart scale measurement; the use of artificial intelligence technologies to measure 

the vertebral heart scale in dogs and cats. The VHS values for different dog breeds were presented in a form of a table 

indicating the year of the study.  

Discussion and Conclusion. According to the available scientific data, the vertebral heart scale method of measurement 

has proved to be an efficient alternative to other more labor-consuming and expensive methods of feline and canine 

cardiomegaly diagnostics. However, it is necessary to remember that this method has limitations. Further research in this 

area could aim at obtaining new data on species-, breed-, age-specific, physiological and pathological features of VHS 

measurements in dogs and cats. The use of artificial intelligence technologies for measuring the vertebral heart scale in 

cats and dogs is a highly potential trend.  
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Аннотация 

Введение. Рентгенодиагностика является в ветеринарии одним из самых популярных и наиболее доступных ме-

тодов визуальной диагностики патологий не только опорно-двигательного аппарата, но и некоторых паренхима-

тозных органов грудной и брюшной полостей. Выявление кардиологических патологий чаще всего начинают 

именно с проведения рентгенологического исследования, однако без применения специальных методик не всегда 

удается визуально достоверно определить наличие или отсутствие кардиомегалии у исследуемых животных. Од-

ним из наиболее надежных способов оценки состояния сердца является метод определения кардиовертебраль-

ного индекса (VHS). Цель данного обзора — обобщение литературных данных по применению расчета кардио-

вертебрального индекса при рентгенодиагностике грудной полости у кошек и собак, оценка целесообразности и 

перспективы развития данной методики. 

Материалы и методы. Поиск статей для научного обзора проводился в базах данных PubMed и eLIBRARY.RU. 

В поиск включались только публикации на русском и английском языках, размещенные за период с 1 января 

1995 г. по 31 декабря 2024 г. Согласно критериям включения научной работы в обзор, статья должна: 1) содер-

жать информацию о применении расчета кардиовертебрального индекса у собак или кошек, 2) иметь полнотек-

стовую версию. Результаты оформлены в виде блок-схемы PRISMA и таблицы. 

Результаты исследования. В обзор была включена 31 статья. В работах рассматривалось следующее: опреде-

ление показателей VHS у собак и кошек в норме и при патологии; требования к технике получения рентгено-

грамм для расчета кардиовертебрального индекса; применение технологии искусственного интеллекта для рас-

чета кардиовертебрального индекса у собак и кошек. Значения VHS для разных пород собак структурированы в 

таблице с указанием года проведения исследований. 

Обсуждение и заключение. Методика расчета кардиовертебрального индекса зарекомендовала себя, согласно 

имеющимся научным данным, как действующая альтернатива другим, более трудоемким и дорогостоящим ме-

тодам диагностики кардиомегалий у кошек и собак. Однако необходимо помнить, что данный метод имеет свои 

ограничения. Дальнейшие исследования в этой области могут быть направлены на получение новых данных от-

носительно видовых, породных, возрастных, физиологических и патологических особенностей показателя VHS 

у собак и кошек. Весьма перспективное направление — применение технологии искусственного интеллекта для 

расчета кардиовертебрального индекса у собак и кошек. 

Ключевые слова: обзор научной литературы, рентгенодиагностика, собаки, кошки, кардиовертебральный ин-

декс, КВИ, VHS, кардиомегалия 
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тода определения кардиовертебрального индекса у собак и кошек при рентгенодиагностике грудной полости: обзор 

научной литературы. Ветеринарная патология. 2025;24(2):43–54. https://doi.org/10.23947/2949-4826-2025-24-2-43-54 

Introduction. Nowadays, X-ray examination is one of 

the most affordable and widespread methods of visual di-

agnostics of pathologies of internal organs and systems in 

veterinary medicine. This method is particularly important 

for the studies of the thoracic cavity as it allows evaluating 

the lung parenchyma, condition of the great and pulmonary 

vessels, as well as the shape, size and location of the car-

diac silhouette [1]. A chest X-ray can be used as a screen-

ing examination to determine the cardiac and non-cardiac 

status of a patient, which is especially relevant for older 

animals with ambiguous symptoms [1]. For more accurate 

and standardize assessment of the cardiac silhouette size, 

some methods of human medicine have been introduced 

into the veterinary practices, such as determining the car-

diothoracic ratio (the ratio of the cardiac silhouette to the 

intercostal spaces), however, when applied to animals, 

these methods produce serious errors.  

Currently, in veterinary medicine, one of the most reli-

able approaches for assessing the size of the cardiac silhou-

ette on X-rays is Vertebral Heart Scale (VHS) measure-

ment — calculating the ratio of the sum of the lengths of 

the short and long axes of the heart silhouette to the length 
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of the thoracic vertebral bodies. Fig. 1 shows a lateral radi-

ograph of a canine thorax, which presents the principle of 

measuring the cardiac axes [1]. 

The long axis of the heart is measured from the ventral 

border of the left main bronchus to the most remote ventral 

point of the apex of the heart. The short axis is measured 

along a line perpendicular to the long axis, at the level of the 

caudal vena cava. The sum of the lengths of the two axes is 

compared to the length of the vertebrae, starting from the 

cranial edge of T4 (the fourth thoracic vertebra) [2]. This 

technique has been proposed as one of the methods for as-

sessing cardiomegaly in dogs and cats.  

 

Fig. 1. Principle of vertebral heart scale measurement [1]  

In 2001, H. Nakayama et al. conducted a study to de-

termine the extent the echocardiography and electrocardi-

ography results correlate with VHS. The experiment in-

volved dogs with cardiomegaly of different severity. They 

were monitored using chest radiography, echocardiog-

raphy, and electrocardiography in dynamics. Then, echo-

cardiographic and electrocardiographic parameters were 

compared to VHS. The results of the study showed that the 

Left Atrial to Aorta ratio, left ventricular end-diastolic vol-

ume and end-systolic volume, P-wave duration and QRS 

interval duration correlated consistently with VHS [3]. 

However, the use of the vertebral heart scale (VHS) meas-

urement method has its limitations. Firstly, although it enables 

quite objective determination of the presence of cardiomegaly 

in animals, it does not provide an opportunity to assess the en-

tire area of the heart: VHS is a one-dimensional method and 

has functional limitation, as it uses only two linear measure-

ments to determine the heart size, and not the entire heart cir-

cumference. Secondly, significant limitations are related to 

the interpretation of images, which is subjective in nature, 

since it largely depends on the education and experience of a 

radiologist (common causes of misinterpretation are percep-

tion errors, omissions resulting from the lack of attention, cog-

nitive distortions, fatigue, distraction). Certain steps are cur-

rently taken to integrate the artificial intelligence (AI) technol-

ogies into X-ray diagnostics: this might provide a number of 

advantages, including the possibility of computerized inter-

preting complex images and calculating certain parameter. An 

experiment on measuring vertebral heart scale in dogs and cats 

by means of AI was held in 2021[1]. 

The aim of the present review is to summarise and an-

alyse data available in the literature on the use of vertebral 

heart scale measurement during chest radiography in cats 

and dogs, to assess the relevance of this technique and pro-

spects of development.  

Materials and Methods. The search for scientific arti-

cles for the review was carried out in the PubMed 

(www.pubmed.ncbi.nlm.nih.gov/) and eLIBRARY.RU 

(www.elibrary.ru/defaultx.asp) databases. Only works in 

Russian and English published between January 1, 1995 and 

December 31, 2024 were included in the search. In PubMed, 

the search was conducted using the keywords: ((radiomics 
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or X-ray) and (Vertebral Heart Scale or VHS) and (radio-

graphs or diagnostic imaging) and (cats) and (dogs)). The 

search for scientific publications in eLIBRARY.RU was car-

ried out using the option of “advanced search” was used by 

entering the following combination of words into the dialog 

box: ((X-ray or X-ray diagnostics) and (Vertebral Heart 

Scale or VHS) and (cats and dogs or small domestic ani-

mals)). In the “Where to search?” box, the search was spec-

ified by the criteria: “in the title”, “in the abstract”, “in key-

words”. “Publication type” was indicated as “journal arti-

cles”. Additional search criteria were the parameters “search 

taking into account morphology” and “search in publications 

that have full text on eLIBRARY.RU”. 

A scientific paper was included in the review based on 

the following criteria: 1) the article had to contain the in-

formation on the use of vertebral heart scale method of 

measurement in dogs or cats, 2) the article had to have a 

full-text version. Non-conformity of a literature source 

with the criteria for inclusion in the review was the reason 

for its exclusion. The results were presented in the form of 

a PRISMA flow chart and a table. 

Research Results. In total, 63 sources were found as a re-

sult of the database search. On the whole, 13 duplicating 

sources were excluded, and 50 articles were selected for fur-

ther analysis. After screening the titles and abstracts, 5 sources 

were removed. Potentially eligible full texts (n = 45) were up-

loaded to cloud storage and reviewed by all the experts to en-

sure their relevance. After this step, 14 more publications were 

excluded. The final number of articles selected for inclusion 

in the review was 31. A summary of the screening process is 

shown in the PRISMA flow chart (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. PRISMA flow chart with the results of publication selection process  

The majority of scientific publications (28 articles) re-

ferred to vertebral heart scale measurement in dogs and 

cats in the normal and pathological condition; 2 articles in-

vestigated the requirements to the technique of acquiring 

X-ray images intended for measuring VHS value; 1 article 

studied the use of artificial intelligence technology for 

measuring vertebral heart scale in dogs and cats.  

The use of vertebral heart scale method of measurement 

for assessing the size of the cardiac silhouette during radi-

odiagnostics of dogs was first mentioned in 1995 [2]. J.W. 

Buchanan and J. Bücheler developed this method based on 

the fact that there was a good correlation between the size 

of the heart and the length of vertebral bodies regardless of 

the shape of canine thorax. 100 clinically healthy dogs at 

the age over one year (regardless of sex) were selected for 
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the study. On the obtained radiographs of the cardiac sil-

houette, the sizes of the long and short axes were deter-

mined using a beam caliper, summed up and compared 

with the length of the vertebrae, starting from T4: the ratio 

was 9.7 ± 0.5 vertebra. Differences between the values in 

dogs with a wide or deep chest, males and females, as well 

as between the right or left lateral views were insignificant 

and were not taken into account. Afterwards, the obtained 

VHS value was for a long time considered the norm for the 

dogs of various breeds [2]. 

Later, in 2000, a similar study involved 100 clinically 

healthy cats. In the lateral X-rays, the average heart size 

relative to the vertebrae was 7.5 ± 0.3 vertebrae. The data 

obtained made it possible to conclude that the method for 

determining the size of the heart relative to the vertebrae is 

easy to use. It enables objective assessment of the heart 

size, thus, can be helpful in determining the presence of 

cardiomegaly as well as in comparing the sizes of the car-

diac silhouette on a series of consecutive radiographs. In 

addition, this study showed that the VHS method of meas-

urement is effective not only in dogs, but also in cats [4].  

The earliest experiments of VHS measurement involved 

only healthy animals. Therefore, to evaluate the capacity of 

vertebral heart scale measurement for the description of 

chest X-rays in animals with cardiac pathology, another 

study was conducted in 2000: chest X-rays of 50 dogs with 

established cardiac pathology, 26 Х-rays of dogs with res-

piratory pathology, and 50 Х-rays of dogs with no clinical 

signs of cardiovascular or respiratory diseases were mixed 

and examined by three veterinarians. In the first examination 

of the X-rays, VHS was not measured, and the diagnosis was 

made based on other radiographic features. The accuracy of 

cardiac disease diagnosis by each expert based on the sub-

jective evaluation of radiographs without VHS measurement 

was moderately accurate (ranging from 76% to 83% of cor-

rect diagnoses). Afterwards, the experts re-examined the ra-

diographs and measured VHS on both lateral and dorsoven-

tral or ventrodorsal radiographs. It is worth noting that meas-

uring vertebral heart scale on the examined radiographs did 

not almost influence the decision about correctness of the 

previously made diagnosis. However, all veterinarians got a 

higher mean VHS value in dogs with heart pathology than 

in dogs with other pathologies or without them. Based on the 

results of the experiment, it was concluded that VHS value 

more than 10.7 on the lateral X-rays can be considered a 

fairly consistent sign of heart pathology [5]. 

In 2001, the vertebral heart scale was measured in 11 

puppies without signs of pathology. It was found that the 

standards for determining the indicators of enlarged heart 

in puppies and adult dogs were similar [6]. 

Later on, due to the large variability of breed character-

istics in dogs, the studies on measuring the vertebral heart 

scale were carried out individually for each breed. In 2005, 

the VHS was measured for 44 dogs of Whippet breed hav-

ing no heart and lung diseases. The mean vertebral heart 

scale value for this breed upon evaluation of the right lat-

eral X-rays was 11.3 ± 0.5 vertebrae [7]. 

In 2007, the measurement was carried out in Grey-

hounds. It aimed to compare VHS in normal Greyhounds 

to that in Rottweilers and a group of dogs of other breeds. 

As a result, it was found that VHS was significantly 

higher in Greyhounds compared to Rottweilers and other 

breeds. For Greyhounds, the mean VHS on lateral radio-

graphs was 10.5 ± 0.1, for Rottweilers — 9.8 ± 0.1, and 

for mixed breed dogs — 10.1 ± 0.2. This study also con-

firmed that relative cardiomegaly, subsequently detected 

at necropsy and ECG in Greyhounds, could be easily de-

tected by plain radiography [8]. 

In 2007, radiographs of 50 adult stray cats were exam-

ined. All cats were short-haired, non-obese, and consid-

ered healthy based on clinical examination and electro-

cardiography. Long and short axes of heart were meas-

ured in millimetres. Length of vertebrae was measured 

caudally from T4. The sum of the long and short axes of 

the heart expressed as VHS was 7.3 ± 0.49 vertebrae in 

the right lateral view and 7.3 ± 0.55 vertebrae in the left 

lateral view. Differences between the right and left lateral 

views were minor [9].  

In 2008, 19 Beagle dogs were examined using echocar-

diography, electrocardiography, noninvasive blood pres-

sure measurement, complete blood count, and serum chem-

istry profile. Then, all studied dogs underwent the right and 

left lateral chest radiography, and vertebral heart scale 

measurement. The VHS in Beagles was 10.3 ± 0.4 verte-

brae, which differed from the mean VHS value of 9.7 ± 0.5 

as determined in JW Buchanan’s original study for dogs of 

different breeds [2]. The data obtained had once again con-

firmed the fact that the results should be interpreted taking 

into account breed-specific differences, especially for 

those values that were significantly different from the ref-

erence range [10]. 

In 2009, the efficiency of VHS measurement was evalu-

ated in dogs with cough and established degenerative mitral 

valve disease. Chest X-rays of 90 dogs with coughing in his-

tory and echocardiographic evidence of mitral valve disease 

were examined by two independent specialists. They were 

first asked to determine the cause of cough (cardiogenic, 

non-cardiogenic, or mixed) and then to measure VHS. Dogs 

with non-cardiogenic cough had significantly lower VHS 
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(mean value 11.0 ± 0.9) compared to the dogs with cardio-

genic or mixed cough (12.8 ± 1 and 12.9 ± 0.9, respectively). 

Analysis of the results showed that VHS value less than or 

equal to 11.4 is a precise enough indication to exclude cough 

of cardiac origin in dogs with mitral valve disease. The re-

sults of the study suggest that VHS measurement may be an 

additional tool for differentiating the cause of coughing in 

dogs with cardiac diseases [11]. 

In 2013, a study was published describing the measure-

ment of VHS in dogs of the following breeds: Pug, Pomer-

anian, Yorkshire Terrier, Dachshund, Bulldog, Shih Tzu, 

Lhasa Apso, and Boston Terrier. The study included 

healthy animals with no subjective radiographic signs of 

cardiomegaly, without murmurs, or abnormal heart 

rhythms during clinical examination. It was found that in 

groups of dogs that included Pugs, Pomeranians, Bulldogs, 

and Boston Terriers, mean VHS was 10.7 ± 0.5 [12]. 

The aim of another experiment in the same 2013 was to 

evaluate the efficiency of VHS method in differentiating 

congestive heart failure from other causes of dyspnea in 

cats. To be included in the study, cats were examined using 

echocardiography and chest radiography within 12 hours 

after admission to the clinic. The study revealed that VHS 

> 9.3 vertebrae was a differentiating feature for detection 

of cardiac diseases. Measurements, which resulted in the 

range of 8.0 to 9.3 suggested that the cause of dyspnea 

might be equivocal (i.e. secondary to congestive heart fail-

ure or respiratory disease), in this case echocardiography 

would be the most useful method in providing additional 

diagnostic information. The results of the study had re-

vealed that VHS method of measurement may be a useful 

tool facilitating differentiation of cardiogenic from non-

cardiogenic causes of respiratory failure in cats in the 

emergency situation when echocardiography is unavailable 

or not warranted in an unstable patient [13]. 

In 2014, echocardiographic and radiographic examina-

tion of thorax was carried out in 150 cats aiming to evaluate 

the diagnostic accuracy of VHS and other related radio-

graphic indices upon detecting cardiomegaly caused by var-

ious feline cardiac diseases. Eighty-three cats had various 

cardiac diseases, and 22 cats had no cardiovascular anoma-

lies. The measurement yielded the following values: VHS in 

the lateral view in healthy cats was 7.56 ± 0.54; in cats with 

left-sided heart diseases — 8.62 ± 1.04; in cats with left-

sided heart diseases but without left atrial enlargement or 

with moderate left atrial enlargement — 8.29 ± 0.83; in cats 

with left-sided heart diseases and with moderate to severe 

left atrial enlargement — 8.95 ± 1.13 [14].  

In 2016, a study was conducted to establish reference 

values for VHS in Indian Spitz, Labrador Retrievers, and 

outbred dogs. In total, 60 animals (20 Indian Spitz, 20 Lab-

rador Retrievers, and 20 outbred dogs) with no radiographic 

or clinical signs of cardiovascular or pulmonary diseases 

were included in the study. As a result of the study, the fol-

lowing VHS values in the right lateral view were estab-

lished: 10.21 ± 0.13 — for Spitz breed, 10.39 ± 0.19 — for 

Labrador Retrievers, and 9.8 ± 0.21 — for outbred dogs [15]. 

In 2017, an experiment aimed at measuring the vertebral 

heart scale in Dachshund dog breed and comparing the re-

sults with the established reference range of 9.7 ± 0.5 was 

conducted. It involved 51 dogs of Dachshund breed, which 

underwent radiography and echocardiography. As a result of 

the study, it was found that mean VHS in the right lateral X-

ray was 10.3 vertebrae (the range 9.25–11.55). Whereas 

VHS in females was higher than in males: 10.8 (9.50–11.55) 

versus 9.99 (9.25–10.8). The results revealed that in healthy 

Dachshunds, the mean VHS value exceeded the published 

standard range for dogs [16].  

In 2019, vertebral heart scale was measured in 75 dogs 

with preclinical stage of atrioventricular valve endocardio-

sis. The study revealed that, with this pathology, increase 

of vertebral heart scale value confirmed the presence of 

cardiomegaly, but did not specify the parts of the heart with 

pathological changes [17]. 

In another study of 2019 VHS was measured in 61 dogs 

of Norwich Terrier breed without clinical signs of cardio-

vascular disease. It was found that VHS value in dogs of 

this breed was 10.6 ± 0.6, which is higher than the refer-

ence value for dogs (9.7 ± 0.5) [18]. 

Also in 2019, the VHS was measured in the Australian 

Cattle dog breed. The study involved 20 dogs having no 

heart or lung diseases. The mean VHS value in the Austral-

ian Cattle Dog turned to be also higher (10.5 ± 0.4) com-

pared to the mean VHS originally indicated for 100 healthy 

dogs of different breeds (9.7 ± 0.5) [19].  

In the study held in 2021, mean reference VHS value 

was established in Persian cats equalling to 8.16 vertebrae 

(higher than the value of 7.5 reported in earlier studies for 

other cat breeds). It was found that gender did not affect 

these values [20]. 

In the same year, 2021, VHS was measured in Maltese 

dog breed. It involved 81 clinically healthy dogs that had 

undergone a complete cardiac examination. The mean 

VHS was 9.53 ± 0.46 vertebrae [21]. 

At the end of 2021, VHS was measured in Brittany 

Spaniel dog breed. The study included 28 healthy dogs 

and 15 dogs with myxomatous mitral valve disease. 

Measurements were taken by examining the right lat-

eral X-rays. The mean VHS ± SD (standard deviation) 
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was 10.6 ± 0.2 in healthy animals and 11.9 ± 1.1 in 

animals with identified pathology [22]. 

Another paper of 2021 encompassed VHS measurement 

in 30 dogs of Chihuahua breed. The aim of the study was to 

assess VHS value in healthy adult dogs, since this breed is 

predisposed to both congenital and acquired heart diseases. 

The VHS value in the sample population was 10.0 ± 0.6 [23].  

In 2022, VHS was established for Pembroke Welsh 

Corgi dog breed and the influence of the thoracic vertebrae 

features on this measurement was assessed. As a result, it 

was possible to measure the vertebral heart scale in these 

animals, which equalled to 9.36 ± 0.27 (below the refer-

ence value). The authors supposed that it might be due to 

the slight difference of the features of thoracic vertebrae in 

Corgi from other breeds [24]. 

In 2022, a study involving dogs of Cavalier King 

Charles Spaniel breed was conducted. This breed is pre-

disposed to developing myxomatous mitral valve dis-

ease, and radiographs are often used to detect signs of 

left-sided cardiomegaly secondary to this disease. The 

study was conducted in 30 clinically healthy adult dogs 

(22 females and 8 males), aged 1 to 6 years. Inclusion 

criteria were: absence of pathologies during physical ex-

amination, normal echocardiography, and chest radio-

graphs without signs of anomaly. The mean VHS value 

in the sample was 10.08 ± 0.56. This value exceeded the 

previously published general reference value for dogs 

equal to 9.7 ± 0.5 vertebrae [25]. 

In the earlier experiments of 2021, VHS was measured 

for healthy dogs of Chihuahua breed. The aim of the study 

conducted in 2022 was to evaluate the influence of cardiac 

enlargement on VHS in Chihuahuas with myxomatous mi-

tral valve disease. The experiment included 10 clinically 

normal Chihuahuas and 97 Chihuahuas with the disease. The 

sick dogs were divided into 3 groups depending on the se-

verity of the disease: mild, moderate, severe. Mean VHS in 

healthy dogs was 9.66 ± 0.36; in those with mild myxoma-

tous mitral valve disease — 10.13 ± 0.64; with moderate — 

10.87 ± 0.71; with severe — 11.71 ± 0.78. Conclusion: VHS 

in dogs of this breed increased depending on the cardiac en-

largement caused by myxomatous mitral valve disease [26]. 

In 2023, a chest X-ray examination was performed in 

10 dogs diagnosed with dilated cardiomyopathy (DCM). 

Measurement of vertebral heart scale showed that, on av-

erage, its value increased by 0.5–1.0, which was a con-

sistent indication of the presence of cardiomegaly con-

firmed by other methods of visual diagnostics as well [27]. 

In the same 2023, by measuring VHS in 29 clinically 

healthy dogs it was possible to establish its value for Amer-

ican Staffordshire Terrier dog breed. Each dog underwent 

ECG, chest X-ray and echocardiography. All dogs had no 

cardiac or pulmonary pathologies. The mean VHS value for 

this breed was 10.9 ± 0.6. This value did not differ signifi-

cantly between males and females, and did not have con-

sistent correlation with age or body weight of an animal [28].  

In late 2023, the expediency of measuring VHS for pre-

dicting left-sided congestive heart failure in dogs with res-

piratory signs was determined. The study included 114 dogs 

with respiratory signs and radiographic evidences of lung 

disorders. Animals underwent chest echocardiography and 

radiography. The diagnosis of left-sided congestive heart 

failure was confirmed based on the presence of respiratory 

signs, left ventricular hypertrophy, and cardiogenic pulmo-

nary edema. In half of the animals participating in the study 

this pathology was established, and in the other half — it was 

not. According to the results of VHS measurement in ani-

mals without pathology, its mean value was 11.1  

(10.1–11.8), and in dogs diagnosed with this pathology, it 

was 12.9 (11.9–14.1). These results may help to exclude car-

diogenic pathology in dogs with respiratory signs [29]. 

VHS values for different dog breeds are presented in 

Table 1, indicating the year of the study. 

The review also included literature sources studying the 

requirements to the technique of acquiring X-ray images 

and the prospects of using artificial intelligence technology 

to measure VHS.  

In 2008, the paper describing the effect of using the left or 

right lateral view in dogs for measuring VHS was published. 

The study was conducted on 63 healthy dogs. VHS was 

slightly higher in the right lateral decubitus position (9.8 ± 0.6) 

compared to the left position (9.5 ± 0.8). The sex and size of a 

dog did not significantly affect VHS values [30]. 

In 2015 the study was conducted aimed to evaluate the 

variability of VHS values caused by cardiac and respiratory 

cycles in Beagle dog breed. The experiment involved 14 dogs 

that underwent X-ray examination, VHS was measured dur-

ing the inhalation phase and exhalation phase, and during sys-

tole and diastole in the left and right lateral decubitus posi-

tions. The mean VHS value was compared within and be-

tween cardiac and respiratory phases. The mean VHS for each 

phase of the respiratory and cardiac cycle was higher on im-

ages obtained in the right lateral decubitus position compared 

to the left lateral decubitus position. The largest differences 

were observed between VHS in the diastolic phase of inhala-

tion (10.59 ± 0.49 and 10.35 ± 0.50 for the right and left lateral 

views, respectively) and systolic phase of exhalation (10.11 ± 

0.37 and 9.92 ± 0.50 for the right and left lateral views, respec-

tively). The results of the study emphasise the need for the cli-

nicians to be aware of the potential influence of these factors 

when assessing VHS in dogs [31] 
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Table 1 

Vertebral heart scale values for different dog breeds 

Dog breed  Year of the study  Established VHS Value  

Whippet 2005 11,3 ± 0,5 

Greyhound 2007 10,5 ± 0,1 

Rottweiler 2007 9,8 ± 0,1 

Beagle 

2008 10,3 ± 0,4 

2015 

10,59 ± 0,49 (right) and 

10,35 ± 0,50 (left) during 

the inhalation phase. 

10,11 ± 0,37 (right) и 

9,92 ± 0,50 (left) during 

the inhalation phase  

Pug, Pomeranian, Shih Tzu, Yorkshire Terrier, Lhasa 

Apso, English Bulldog, Boston Terrier 
2013 10,7 ± 0,5 

Indian Spitz 2016 10,21 ± 0,13 

Labrador Retriever 2016 10,39 ± 0,19 

Dachshund 2017 10,3  

Norwich Terrier 2019 10,6 ± 0,6 

Australian Cattle Dog  2019 10,5 ± 0,4 

Maltese 2021 9,53 ± 0,46 

Brittany Spaniel 2021 10,6 ± 0,2 

Chihuahua 
2021 

2022 

10,0 ± 0,6 

9,66 ± 0,36 

Pembroke Welsh Corgi 2022 9,36 ± 0,27 

Cavalier King Charles Spaniel 2022 10,08 ± 0,56 

American Staffordshire Terrier 2023 10,9 ± 0,6 

A forward-looking direction for X-ray diagnostics in vet-

erinary medicine is the use of artificial intelligence (AI) tech-

nology for measuring vertebral heart scale. In the study of 

2021, scientists compared the results of VHS measurement 

in cats and dogs performed by artificial intelligence and two 

certified specialists [1]. Thirty canine lateral chest X-rays 

and thirty feline lateral chest X-rays were used. The images 

were assessed by each specialist using two different methods 

for measuring the short axis of heart on canine radiographs: 

the original method published by Buchanan J.W. and a mod-

ified method. Whereas feline radiographs, were assessed us-

ing only Buchanan J.W. method. On the whole, VHS values  

 

measured by artificial intelligence, a radiologist, and a car-

diologist had a high degree of agreement in both dogs and 

cats (intraclass correlation coefficient (ICC) = 0.998). The 

ability of the AI trained to find VHS reference values was 

consistent with the manual measurements carried out by the 

human specialists for both cats and dogs. The present study 

demonstrates an important benefit of such a computerized 

method for general veterinarians as it limits variability in the 

interpretation of results and provides more comparable VHS 

values over time [1]. 

Discussion and Conclusion. A review and analysis of 

scientific literature on application of vertebral heart scale 
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measurement method in dogs and cats during X-ray diag-

nostics of thoracic cavity enables to draw the following 

conclusions: 

1. Research in the field of measuring vertebral heart scale 

in dogs and cats is conducted in three main areas: measuring 

VHS values in animals in normal and pathological condition; 

requirements to the technique of acquiring X-ray images for 

measuring the vertebral heart scale value; the use of artificial 

intelligence technology for measuring VHS in dogs and cats. 

2. In veterinary medicine, the vertebral heart scale 

method of measurement has proved to be an efficient alter-

native to other, more labour-intensive and expensive meth-

ods of diagnostics of feline and canine cardiomegaly. It can 

be used in veterinary clinics to determine the cardiogenic or 

non-cardiogenic status of a patient. 

3. Further research can aim at obtaining new data on spe-

cies-, breed-, age-specific, physiological and pathological 

features of VHS measurement in dogs and cats. 

4. Practices of using artificial intelligence in veterinary 

X-ray diagnostics shows its potential for measuring VHS 

in animals. 
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