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INTRODUCTION 

Cardiovascular diseases (CVDs) are serious health 

problems that affect animal welfare and their lifespan 

negatively. Understanding the genetic background of these 

diseases is essential for an effective treatment process. 

Recent studies have reported that genetic factors are the 

important risks for developing of heart diseases. This 

should be considered in the context of the One Health 

concept both for humans and animals. 

Veterinary cardiologists have been studying genetic 

predisposition in CVDs since the 70s. The genetic 

prevalence of heart diseases is high in some specific dog 

species such as King Charles Spaniel, Dachshund, 

Cavalier. It has been known that understanding the genetic 

basis of CVDs can help in the treatment process. 

Particularly atrial fibrillation, mitral valve insufficiency 

(or mitral regurgitation, MVI) and subvalvular aortic 

stenosis have been interested more by researchers 

(Ontiveros and Stern, 2021; O'Brien et al., 2021; Arcuri et 

al., 2024). 

Mitral valve insufficiency is accepted the major heart 

disease in dogs with the age that encountered in almost all 

breeds. It has been found more commonly in some breeds 

especially the Cavalier King Charles Spaniel and the 

Dachshund (O'Brien et al., 2021). Although some dogs 

have a rapid and early onset of the disease, many others 

live long periods without any clinical signs (Atkins et al., 

2009; Meurs et al., 2018). In this review, in addition to a 

general overview of CVDs in dogs, studies on MVI and 

treatment which are frequently encountered especially in 

King Charles Spaniel dogs can be reviewed. 

Genetic Etiology of CVDs in Dogs 

CVDs involves a complex interplay of genetic, 

neurohormonal, inflammatory and biochemical changes in 

body. The heart valve diseases, MVI, chronic valve 

diseases and tricuspid valve insufficiency are the most 

important disease encountered in dogs. The age, sex, 

physiological condition and breed are important 

occurrences of these diseases (Ontiveros and Stern 2021; 

O’Brien et al., 2021; Arcuri et al., 2024). In addition, 

Cavalier King Charles Spaniels, Chihuahuas, Miniature 

Poodles, Miniature Pinchers and Whippets are considered 

as important dog breeds. Especially Cavalier King Charles 
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Spaniel dogs are more genetically predisposed to CVDs 

than other breeds. Importantly, MVI is one of the most 

crucial diseases for this breed. 

Researchers have showed that polygenic inheritance is 

effective in the formation of MVI in Cavalier King Charles 

Spaniel dogs (O'Brien et al., 2021). The two locus on 

chromosomes 13 and 14 that are associated with the early 

onset of the MVI was reported. Researchers determined 

that especially in dogs over 8 years of age, this disease is 

more common (Borgarelli and Buchanan, 2012). 

However, in a postmortem study, it was shown that under 

MVI was found 35% in 5 years old of age Cavalier King 

Charles Spaniel dogs and 97% in dogs over 9 years of age 

(Whitney, 1974). Also, Beardow and Buchanan (1993), 

reported that mitral murmurs were determined in 9% of 

Cavalier King Charles Spaniel dogs under 1 year of age, 

56% over 4 years of age and 100% over 10 years of age. 

Additionally, it was observed that MVI was higher in 

males than females as well as at an earlier age (Olsen et 

al., 2003). 

Several classification systems have been categorized 

the severity of MVI in dogs. Earlier systems, especially the 

International Small Animal Cardiac Health Council 

(ISACH) scheme, dogs were classified into a four-class 

system (Classes I-IV) based on the clinical symptoms 

exhibited by dog. However, the American College of 

Veterinary Internal Medicine Cardiology Specialty 

consensus panel (ACVIM) has developed a more rigid 

system for some CVDs (Atkins et al., 2009; Keene et al., 

2019; O'Brien et al., 2021). 

 

Classification of CVDs and The Symptoms 

ISACH has classified the CVDs in animals according to 

clinical, auscultation, radiologic and echocardiographic 

findings. The evaluations and modifications have been still 

made based on the same classification by the committee 

from teh date 1994 (ISACH 1994; Table 1).  

 

 

 

Table 1. Classification of radiologic and echocardiographic findings of heart failure (modified from ISACH, 1994) 

 

 

As in humans in dogs and cats, heart failure can lead 

to impaired hemostasis. Also it has been reported that 

thrombus formation can occur due to platelet overwork 

(Smith et al., 2015). Circulatory insufficiencies in such 

organs (lung and brain) due to thromboembolism can 

cause the clinical pathological findings. The findings 

include peracute walking difficulties or paraplegia due to 

arterial thromboembolism, respiratory distress due to 

pulmonary embolism, syncope or seizures due to thrombus 

in the brain vessels. Therefore, using drugs which regulate 

the platelet activity in CVDs is accepted for both treatment 

and prophylaxis in humans as well as in animals (Wendy 

2011; Smith et al., 2015). However, studies reported that 

while thromboembolism is a risk in hypertrophic 

cardiomyopathies in cats, there is a lower risk in heart 

failure in dogs (Smith et al., 2015). 

 

Table 2. Classification of Heart Failure Findings according to the consensus panel of the American College of Veterinary 

Internal Medicine Cardiology Specialty (compiled from ACVIM) 

Stage Findings 

Stage A There is no audible heart murmur, but no obvious structural abnormality is found on examination, which would put the 
risk of developing heart failure above average. 

Stage B Dogs in Stage B show structural abnormalities. However, clinical signs of heart failure associated with mitral valve disease 

have never been observed. 

Stage C Mitral valve insufficiency is severe enough to cause current or past clinical signs of heart failure. Stage C includes all 
dogs with mitral valve insufficiency that have experienced an episode of clinical heart failure and are not resistant to 

standard heart failure treatment. 

Stage D Patients exhibit clinical signs of heart failure that are resistant to standard treatment used for Stage C heart failure. 

Class Clinical Findings Echocardiographic Findings Radiological Findings 

1. Asymptomatic heart 

failure 

- No clinical symptoms. 

- Systolic murmur and arrhythmia 

- Weakening of systolic heart sounds 

- No dilation in the left atrium 

and left ventricle. 

- No pulmonary vein 

engorgement. 

2. Moderate heart 

failure (asymptomatic) 

- Exercise intolerance 

- Increased respiratory rate 

- Dyspnea 
- Cough 

-Mild/moderate increase in 

internal diameters of the left 

atrium and left ventricle. 

-Mild/moderate enlargement of 

the left atrium and left ventricle. 

- Thickening of the pulmonary 
veins is observed. 

3. Severe heart failure - Marked dyspnea 

- Marked ascites 
- Exercise intolerance 

- Hypoperfusion 

- Signs of cardiogenic shock 

- Prominent left atrial dilation 

- Increased left ventricular 
volume 

- Eccentric hypertrophy observed 

- Hyperdynamic left ventricle 
detected 

- Increased end-systolic diameter 

- Marked cardiomegaly 

- Dorsal deviation of the trachea 
- Increased pressure on the left 

main bronchus 

- Thickening in perihilar and 
caudodorsal lungs 

- Alveolar infiltration and changes 

in auscultation 

4. End-stage heart 

failure 

- Severe symptoms of congestive 
heart failure are observed. 

- Enlargement and increased 
internal diameter of the left 

atrium and left ventricle 

- Significant decrease in 
myocardial function 

- Severe cardiomegaly 
- Marked alveolar infiltration is 

detected. 
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Mitral Valve Insufficiency (Mitral Regurgitation, MVI) 

and Findings 

Guidelines for the diagnosis and treatment of mitral valve 

disease in dogs were reported by the American College of 

Veterinary Internal Medicine Cardiology Specialty 

consensus panel (ACVIM) in 2009 (Atkins, 2009). 

However, new strategies for diagnostic, medical, surgical 

and dietary treatment recommendations have been more 

detailed and updated over the years (Table 2). 

Mitral regurgitation is known as a leakage of the mitral 

valve during blood flow from the left ventricle to the left 

atrium due to deterioration of its structure (De Madron 

2015; Abbott 2016). As the mitral valve is distrupted, the 

blood from the left ventricle cannot directed to the aorta, 

and thereby the blood passes into the left atrium. 

Accordingly, left atrium adaptation cannot be achieved 

due to the increasing blood volume and chordae tendineae 

rupture, which causes mitral regurgitation. Also, 

pulmonary edema and signs of left-sided congestive heart 

failure occur (Eriksson et al., 2010). Nevertheless, some 

other important findings of MVI include the increased left 

ventricular filling pressure, pulmonary hypertension and 

myocardial dysfunction (Keene et al., 2019). 

Compensatory mechanisms such as left ventricular 

hypertrophy, dilatation or increased neurohormonal 

system activity are initially seen as effective mechanisms 

to maintain hemodynamic pressure against mitral 

regurgitation. However, with the progression of the 

disease, collagen fiber accumulation and myocyte damage 

in the heart are existed. Also, as the disease progresses 

even death can be observed (Vereb et al., 2023).  

The basic reason of MVI in dogs has been reported as 

degenerative mitral valve disease which especially 

encounters in small breeds (Chetboul et al., 2016). 

Additionally, the polygenic inheritance effective in the 

formation of MVI in Cavalier King Charles Spaniel dogs 

and two locus on chromosomes 13 and 14 are associated 

with the early onset of the disease are noticed (Madsen et 

al. 2011). Borgarelli and Buchanan (2012) found that age 

and sex especially in dogs over 8 years of age are effective 

in disease. In a postmortem study, it was determined that 

MVI can be found in 35% of Cavalier King Charles 

Spaniel dogs under 5 years of age, and 97% of dogs over 

9 years of age (Whitney, 1974). Furthermore, Beardow 

and Buchanan (1993), presented the mitral murmurs 

detected in 9% of Cavalier King Charles Spaniel dogs 

under 1 year of age, 56% over 4 years of age, and 100% 

over 10 years of age. Also, some researchers showed the 

high incidence of MVI in males at an earlier age than 

females (Olsen et al., 2003). According to the ACVIM, the 

therapeutic approach for this disease is based on the latest 

consensus guidelines. 

 

Diagnosis of Cardiovascular Diseases and Technologies 

Routine Analyses 

Despite the new generation technologies, anamnesis and 

physical examination methods are the first important step 

for the diagnosis of a disease. The anamnesis should be 

evaluated together with the physical examination. The first 

steps towards diagnosis are checking the external 

appearance, auscultation, pulse measurement, respiratory 

examination, and listening to the heart. The most clinical 

findings in cardiovascular diseases are respiratory 

problems such as cough, difficulty breathing, tachycardia, 

weak pulse, weight loss and abdominal distension. 

Particularly in MVI, tachycardia, a systolic sound shorter 

than diastole, and the qualities of first and second sound 

are accepted other important auscultation findings.

 

 

Table 3. Echocardiography techniques (compiled from Fries et al., 2019; Tidholm et al., 2024) 

 

 

Although the diagnosis of heart diseases cannot be 

diagnosed directly, the general condition of the heart, 

rhythm and cardiovascular disorders can be revealed by 

electrocardiography. Electrocardiography has been 

successful in the diagnosis of cardiac arrhythmias that has 

been used in animal and human health for many years 

(Table 3). However, along with electrocardiography, 

echocardiography is one of the best imaging methods in 

the diagnosis of heart diseases today. It has also been 

reported that important information about the contractile 

strength of the heart and diastolic heart failure can be 

provided by these methods (Fries et al., 2019; Klein et al., 

2022; Tidholm et al., 2024). Echocardiography imaging 

formats are obtained in 2-D (two-dimensional) or M-Mode 

(Mobilization mode). Especially in in 2-D 

echocardiography, cardiac structures can be seen in the 

right and left parasternal long axis, short axis and apical 

acoustic windows (Figure 1, 2). Some researchers have 

reported that echocardiography is far from being a 

screening test because it requires expertise, and also is 

expensive (Fries et al., 2019; Tidholm et al., 2024).  

Routine analyses of heart failure include complete 

blood count (erythrocyte, hemoglobin, hematocrit, 

leukocyte, platelet), serum-electrolytes (Na, K, Cl), 

creatinine, urea, aspartate aminotransferase (AST), CK-

MB (Creatine Kinase-MB isoenzyme), lactate 

dehydrogenase (LDH) and alpha hydroxybutyrate-

dehydrogenase (α-HBDH), which are isoenzymes of 

Type of 

Echocardiography 

Ability to Show 

Anatomical 

Structures 

Sensitivity to Abnormal 

Blood Flow 

Examination of Blood 

Flow 

Measurement of 

Ventricular 

Functions 

M-Mode 

Echocardiography 

Limited Not Sensitive Abnormal valve motion 

Ventricular septal 
hypertrophy 

Dilation 

Left ventricular 

function measurement 

2-D Echocardiography Very Good Not Sensitive Dilatation of great vessels Ventricular ejection 
fraction 

PW (Pulsed Wave) Doppler None Sensitive Indirect Blood flow velocity 

(aorta and valves) 

Color Doppler None Sensitive Direct None 

CW (Continuous Wave) 

Doppler 

None Sensitive Blood flow velocity and 

pressure gradients 

Blood flow velocity 

(aorta and valves) 
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creatine phosphokinase (CPK), and LDH/α-HBDH ratio. 

Although there is no blood test to diagnose heart failure 

definitively, there is strong evidence that circulating 

hormones and enzymes called as biomarkers, can detect 

heart failure. Initially, it was determined that while cardiac 

output, glomerular filtration ratio, urine output, venous 

oxygen pressure and serum sodium levels decreases, 

urea/creatine ratio and blood lactate levels increase 

(Baisan et al., 2016). It was reported that plasma 

norepinephrine levels also increase in all conditions that 

cause heart failure. Additionally, plasma levels of 

aldosterone and angiotensin II are increased besides the 

acid-base imbalance (do Carmo et al., 2024).  

 

 
Figure 1. Echocardiographic mitral regurgitation in a 

Cavalier King Charles Spaniel dog with mitral valve 

insufficiency (right ventricle; Permissions of figures have 

been obtained from Bilgiçer and his veterinarians) 

 

 

 
Figure 2. Echocardiographic mitral regurgitation in a 

Cavalier King Charles Spaniel dog with mitral valve 

insufficiency (mosaic image of the region of aortic 

narrowing on colour Doppler; Permissions of figures have 

been obtained from Bilgiçer and his veterinarians) 

 

 

In recent years, neurohormonal biomarkers especially 

N-terminal-prohormone B-type natriuretic peptide (NT-

proBNP) and cardiac Troponin I (cTnI) have gained an 

important role in small animal cardiology (Ljungvall et al., 

2010; Oyama 2013). Brain Natriuretic Peptide (BNP) is 

secreted in the cavities and its production increases due to 

increasing pressure in heart failure. ProBNP is also a 

marker which reliefs in early diagnosis before symptoms 

appear in asymptomatic heart diseases. It is also important 

for the classification of respiratory and heart failure 

symptoms. It provides information about the prognosis of 

heart failure, and the evaluation of therapeutic responses 

(do Carmo et al., 2024). It has been reported that if the 

proBNP level is below 49 pmol/L in dogs, no heart failure 

is accepted with 80% accuracy (Boswood 2009; Oyama et 

al., 2008). According to genetic structure, it was observed 

that the genetic structure of NT-proBNP is different and 

can only be detected with special kits prepared for dogs 

(Oyama et al., 2008).  It’s also stated that the genetic 

structure of NT-proANP and NT-proBNP in cats is 

different from humans and can be detected with kits 

prepared for cats (Connolly et al., 2008). However, there 

is a room in examining biomarkers for heart diseases in 

dogs (Kim et al., 2018; Lee et al., 2018). 

 

Proteomics Analysis: Protein analysis for the 

identification of a disease is incomparably more difficult 

than DNA analysis. While DNA consists of only four 

building blocks, natural proteins are made up of 20 

different amino acids and the three-dimensional structure 

of the chain greatly influences the function of the protein. 

An organism has one genome but many proteomes. Protein 

is composed of the words Protein and Genome, which is 

the name given to the proteins expressed by the genome of 

an organism or tissue. Proteome analysis is an important 

technology that enable the determination of their structural 

properties and the disclosure of protein functions. 

Proteomics reveals the structures, localization, quantities, 

post-translational modifications and interactions of 

proteins with other molecules in a specific process. It’s 

also defined as the technology of quantitative analysis of 

proteins in cells, tissues or body fluids under several 

conditions (Francois et al., 2025). There are five types of 

proteomics according to the purpose of the application; 

expression proteomics (which determines the proteins 

expressed from the cell or tissue), structural proteomics 

(determining the protein in three dimensions); functional 

proteomics (which examines the functions of proteins), 

chemoproteomics (which examines which small 

molecules interact with cells), and cell-map proteomics 

(determining protein-protein interaction and subcellular 

localization of proteins). 

Platelet proteomics studies allow for the 

characterization and elaboration of basic biological 

behaviors in the organism that affect platelet hemostasis. 

Additionally, it authorises the determining the roles of 

platelets in disease and health conditions (Burkhart et al., 

2014). In a study, significant changes in serum proteins 

were observed in dogs with Dilated Cardiomyopathy 

(DCM), and it was suggested that these proteins play an 

important role in DCM (Kocatürk et al., 2016). Regarding 

serum proteomics in dogs with heart failure, Locatelli et 

al. (2019), compared data from dogs with mitral valve 

disease (n=8) with a healthy control group (n=4); they 

found 8 significant proteins. In that study, compared to the 

control group, an increase in 1 protein and a decrease in 3 

proteins were identified in class B2 patients; an increase in 

8 proteins and a decrease in 8 proteins in class C patients; 

and an increase in 2 proteins and a decrease in 10 proteins 

in class D patients. Despite limited information on platelet 

proteomics studies in humans, any studies have been 

reported to examine heart failure and platelet proteomics 

together in dogs. In this context, it should be aimed to 

increase the ability of platelet proteomes to distinguish 

between healthy and diseased conditions, to address the 

pathophysiology of heart failure from different aspects, 

and to specificize the coagulation functions of platelet 

proteomes. 

Despite the studies conducted with traditional methods 

in human and veterinary medicine, there is a need for 

molecular level studies to reveal the activation of the 
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coagulation system in heart diseases. It is thought that the 

activation of platelets, which play a primary role in 

coagulation, shows many morphological and functional 

changes. These changes are not fully revealed by the 

evaluation methods that may be effective in the emergence 

of this need. According to the technological developments, 

protein identification on serum and cells enables the 

identification of disease-health problems and obtaining 

new details (Burkhart et al., 2014). 

 

Treatment of Cardiovascular Diseases 

Improving The Cardiac Workload: Cardiovascular 

diseases primarily require the use of medications that 

reduce cardiac workload, including diuretics such as 

furosamide or thiazide, angiotensin-converting enzyme 

inhibitors such as enalapril or benezapril, and some 

important mixed vasodilators such as pimobendan.  

1. Diuretic therapy: Furosemide is an important 

pharmacologic agent commonly used to reduce 

cardiogenic pulmonary edema observed in congestive 

heart failure. It works by inhibiting the absorption of 

electrolytes, especially Na and Cl, in the renal excretory. 

According to the ACVIM, furosemide is recommended at 

doses of 1 - 4 mg/kg as initial applications depending on 

the severity of clinical findings in dogs with congestive 

heart failure (Atkins et al. 2009; Keene et al., 2019).  

2. Positive Inotrope Therapy: Positive inotropes 

should be used to maintain contractility in the heart. For 

this purpose, it is recommended to use pimobendan (0.25-

0.5 mg/kg/day, orally), which is both a vasodilator and an 

inotrope and therefore called inodilator. Pimobendan is an 

orally active drug that combines calcium sensitizing 

properties on myofilaments with c-AMP and 

phosphodiesterase III inhibition properties. Pimobendan is 

chemically a pyridazone-benzimidazole derivative. It has 

positive inotropic effect, and pre- and afterload reduction 

ability to improve energy utilization in the heart (Chetboul 

et al., 2007; Oullet et al., 2009). Pimobendan is used orally 

in dogs at a standard dose of 0.2-0.3 mg/kg at 12-hour 

intervals (Oullet et al., 2009, Atkinson et al., 2009), while 

Fuentes et al. (2002), recommend a dose of 0.3-0.6 mg/kg 

once daily. 

Another drug used for positive inotropic therapy is 

Benazepril. In a study, treatment with Benazepril and 

Pimobenden on congestive heart diseases of dogs, it was 

reported that an increase in partial contraction strength and 

left ventricular systolic internal diameter at the end of 

15days. It was also determined that no change was 

observed in the ratio of left atrium to aortic root. However, 

it was observed that the long-term treatment of 

Pimobendan increased the systolic function but worsened 

mitral valve disease and caused specific lesions in mitral 

valves (Chetboul et al., 2007). The recommended dose of 

benazepril is 0.12 to 0.25 mg per pound orally once or 

twice daily in dogs. 

3. Angiotensin Converting Enzyme Inhibitors: 

Angiotensin-converting enzyme inhibitors (ACE 

inhibitors) are the most commonly used drugs in human 

and canine cardiology for left-sided congestive heart 

failure and MVI. There have been several studies reported 

the usage of ACE to improve quality of life, exercise 

opportunities and life expectancy in patients with heart 

failure (Amberger et al., 2004; Chetboul et al., 2007). 

Enalapril is an important ACE inhibitor approved by the 

Food and Drug Administration (FDA) as clinically safe 

and effective in dogs (The IMPROVE Study Investigators 

1995; Nakayama et al., 2007). The drug acts by 

eliminating the enzymes that convert angiotensin I to 

angiotensin II. Angiotensin II has a peripheral 

vasoconstrictor effect which increases the thirst and 

aldosterone excretion. It adversely affects vital circulation 

by causing an increase in blood pressure and peripheral 

vascular resistance in acute heart failure (Bilal, 2011). In a 

study in Cavalier King Charles Spaniel dogs with severe 

mitral heart failure, it was reported that plasma aldosterone 

level decreased significantly after 3 weeks of ACE 

administration, and had improving effects on aldosterone 

(COVE Study Group, 1995). The recommended dose for 

dogs is 0.25 - 0.5 mg/kg orally at intervals of 12 hours or 

24 hours (Kvart et al., 2002). 

 

Correcting Arrhythmia (if occur): Researchers 

determined that in patients with supraventricular 

tachycardia (atrial fibrillation, etc.), digoxin (0.005-0.008 

mg/kg, PO) can be used alone or in combination with a 

calcium channel blocker such as diltiazem (1 mg/kg, 3x1, 

PO) (Borgarelli and Haggstrom, 2010). 

 

Other Important Considerations in Treatment: One of the 

important considerations in the treatment phase is arterial 

thromboembolism. It is reported that the incidence of such 

these disorders in dogs with the course of heart disease is 

not common. Winter et al. (2012) mentioned that there was 

no heart disease occurred in any of the 26 dogs with 

thromboembolism. On the contrary, Lake-Bakaar et al. 

(2012), determined the aortic thrombosis that related to the 

heart in 6 of 31 dogs. These contradictory studies reported 

that the period of hemostasis course during 

thromboembolism should be determined, and anti-platelet 

drugs (clopidogrel, aspirin, etc.) should be used as in 

humans (Smith et al., 2015). The changes in the 

coagulation chain in these diseases was accepted important 

in the development of diagnosis, treatment and 

prophylaxis strategies in animals (Lake-Bakaar et al., 

2012; Winter et al., 2012). 

 

DISCUSSION AND CONCLUSION 

In veterinary cardiology, genetic predisposition is 

important for early diagnosis of cardiac diseases and 

treatment approaches. In this review, the effects of genetic 

factors on cardiovascular disorders, especially in 

important dog breeds such as the Cavalier King Charles 

Spaniel, were discussed, and the role of genetic 

predisposition in common diseases such as mitral valve 

insufficiency was emphasized.  

Researchers reported that mitral valve insufficiency 

most common acquired in small breed dogs (Atkins et al., 

2009). It has been indicated that it is particularly observed 

with findings of mitral valve degeneration and valve 

insufficiency. In additionally, it is known that polygenic 

inheritance is effective in the development of MVI in the 

Cavalier King Charles Spaniel breed. There is a 

relationship between the loci located on the related 

chromosomes (13th and 14th), and the possibility of this 

disease occurring at an early age. Studies have shown that 

mitral valve regurgitation can be seen at an earlier age, and 

is more severe in males than females. It also emphasizes 

the critical role of genetic factors of the disease, and the 

fact that the disease becomes more prominent with age.  

Although radiographic, electrocardiographic, and 

echocardiographic criteria are currently available for the 

diagnosis and grading of MVI, they are not always 

practical due to limited access to techniques such as 

echocardiography, the cost of examination, and the need 
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for specialist review. Therefore, researchers have begun to 

focus on electrocardiographic methods (Kim et al., 2020; 

Vezzosi et al., 2021; Seddigh Nia et al., 2022). Seddigh 

Nia et al. (2022), has been observed that rhythm-

conduction problems and cardiac enlargements related to 

the mitral valve insufficiency can be diagnosed 

electrocardiographically quickly and easily, and thereby 

the disease can be followed. Vezzosi et al. (2021), used 

two radiographic measures for the valvular enlargement 

detection, and they reported that the methods can be 

criteria for stage of disease.  

The use of advanced diagnostic methods in veterinary 

cardiology that supported by genetic testing and advanced 

imaging techniques such as echocardiography increases 

the possibility of early diagnosis. In addition, the 

dissemination of genetic analyses in veterinary practice 

may contribute to reducing the prevalence of the disease, 

and also to controlling genetic predisposition through 

selection programs. In conclusion, addressing the genetic 

aspects of cardiovascular diseases can make a big 

difference in diagnostic and therapeutic approaches. It is 

thought that future genetic and proteomic studies will 

expand the knowledge of veterinary medicine in this field, 

and contribute to the development of preventive strategies, 

especially for predisposed breeds. 

 

Acknowledgement 

We would like to express our sincere gratitude to Dr. Onur 

İskefli and Dr Ali Özgül for providing valuable technical 

supports, and for allowing us for publishing the 

ecocardiyographic pictures of the dog named Pepsi in 

figure 1 and 2.  

Also, we would like to extend our appreciation to our 

canine companion “Pepsi” and his owner Enes Bilgiçer for 

their participation in this review. 

 

Conflict of Interest 

The authors declare that they have no competing interests. 

 

Authorship contributions 

Concept: E.B., N.S., Design: E.B., N.S., Data Collection 

or Processing: E.B., N.S., Literature Search: E.B., N.S., 

Writing: E.B., N.S. 

 

Financial Support 

This research received no grant from any funding 

agency/sector. 

 

REFERENCES 

Abbott JA. 2016. Acquired valvular disease, in: Tilley 

LP, Smith FWK, Oyama M, Sleeper MM. (Eds.), Manual 

of canine and feline cardiology (5th ed.), Saunders 

Elsevier Inc, St. Louis, Missouri, pp. 111-140. 

Amberger C, Chetboul V, Bomassi E, Rougier S, 

Woehrlé F, Thoulon F, FIRST (First Imidapril 

Randomized Study) Group. 2004. Comparison of the 

effects of imidapril and enalapril in a prospective, 

multicentric, randomized trial in dogs with naturally 

acquired heart failure. Journal of veterinary cardiology, 

6(2): 9-16.  

Arcuri G, Valente C, Perini C, Guglielmini C. 2024. 

Risk factors for atrial fibrillation in the dog: A systematic 

review. Veterinary sciences, 11: 47.  

Atkins C, Bonagura J, Ettinger S, Fox P, Gordon S, 

Häggström J, Hamlin R, Keene R, Fuentes VL, Stepien R. 

2009. Guidelines for the diagnosis and treatment of canine 

chronic valvular heart disease. Journal of veterinary 

internal medicine, 23: 1142-1150.   

Atkinson KJ, Fine DM, Thombs LA. 2009. Evaluation 

of pimobendan and n-terminal probrain natriuretic peptide 

in the treatment of pulmonary hypertension secondary to 

degenerative mitral valve disease in dogs. Journal of 

veterinary internal medicine, 23 (6): 1190-1196. 

Baisan RA, de Rosa A, Di Loria A, Vulpe V, 

Piantedosi D. 2016. Cardiac biomarkers in clinical practice 

of dog and cat – a review. Human and veterinary medicine, 

8(1): 50-58. 

Beardow AW, Buchanan JW. 1993. Chronic mitral 

valve disease in cavalier king charles spaniels: 95 cases 

(1987-1991). Journal of the American Veterinary Medical 

Association, 203(7): 1023-1029. 

Bilal T. 2011. Köpek ve kedilerde kardiyoloji, first ed. 

Nobel Tıp Kitabevi, İstanbul. 

Borgarelli M, Haggstrom J. 2010. Canine degenerative 

myxomatous mitral valve disease: natural history, clinical 

presentation and therapy. Veterinary clinics of North 

America: Small animal practice, 40(4):651-663. 

Borgarelli, M, Buchanan JW. 2012. Historical review, 

epidemiology and natural history of degenerative mitral 

valve disease. Journal of veterinary cardiology, 14: 93-

101. 

Burkhart JM, Gambaryan S, Watson SP, Jurk K, 

Walter U, Sickmann A, Heemskerk JW, Zahedi RP. 2014. 

What can proteomics tell us about platelets? Circulation 

research, 114: 1204-1219. 

Chetboul V, Lefebvre HP, Sampedrano CC, Gouni V, 

Saponaro FS, Concordet D, Nicolle AP, Pouchelon JL. 

2007. Comparative adverse effects of pimobendan and 

benazepril monotherapy in dogs with mild degenerative 

mitral valve disease: A prospective, controlled, blinded 

and randomized study. Journal of veterinary internal 

medicine, 21: 742-753. 

Chetboul V, Bussadori C, Madron E. 2016. Clinical 

Echocardiography of the dog and cat, first ed. Elsevier 

Masson SAS, St Louis. 

Connolly DJ, Magalhaes RJ, Syme HM, et al (2008). 

Circulating natriuretic peptides in cats with heart disease. 

Journal of veterinary internal medicine, 22 (1): 96-105. 

COVE Study Group. 1995. Controlled clinical 

evaluation of enalapril in dogs with heart failure: Result of 

the cooperative veterinary enalapril study group. Journal 

of veterinary internal medicine, 9: 243-245. 

De Madron E. 2015. Assessment and quantification of 

acquired valvular regurgitation in dogs, in: de Madron E, 

Chetboul V, Bussadori C. (Eds.), Clinical 

echocardiography of the dog and cat. Elsevier Inc, St. 

Louis, pp. 159-180. 

do Carmo JLP, Soares GSL, Vieira LS, and Oliveira 

D. 2024. Atrial natriuretic peptide and cardiovascular 

diseases in dogs and cats. World's veterinary journal, 

14(3): 467-475.  

Eriksson A, Hansson K, Häggström J, Järvinen AK, 

Lord P. 2010. Pulmonary blood volume in mitral 

regurgitation in cavalier king charles spaniels. Journal of 

veterinary internal medicine, 24(6): 1393-1399. 

Francois AA, Yin X, Oka S, Sadoshima J, Mayr M, 

Eaton P. 2025. On the utility of immobilized phenylarsine 

oxide in the study of redox sensitive cardiac proteins. 

Scientific reports, 15: 15554.  

Fries RC, Gordon SG, Saunders AB, Miller MW, 

Hariu CD, Schaeffer DJ. 2019. Quantitative assessment of 

two- and three-dimensional transthoracic and two- 

62



Bilgiçer and Seyidoglu / IJVAR, 8 (2): 57-63, 2025 

 

 

 
E-ISSN: 2651-3609 © Anatolia Academy of Sciences 

dimensional transesophageal echocardiography, computed 

tomography, and magnetic resonance imaging in normal 

canine hearts. Journal of veterinary cardiology, 21: 79-92.  

Fuentes VL, Corcoran B, French A. 2002. A double-

blind, randomized, placebo-controlled study of 

pimobendan in dogs with dilated cardiomyopathy. Journal 

of veterinary internal medicine, 16: 255-261. 

ISACH, International Small Animal Cardiac Health 

Council. 1994. Recommendations for the diagnosis and 

treatment of heart failure in small animals. ISACHC 

Publication, Woodbridge, NJ. 

Keene BW, Atkins CE, Bonagura JD, Fox PR, 

Häggström J, Fuentes VL, Oyama MA, Rush JE, Stepien 

R, Uechi M. 2019. ACVIM consensus guidelines for the 

diagnosis and treatment of myxomatous mitral valve 

disease in dogs. Journal of veterinary internal medicine, 

33: 1127-1140. 

Kim SH, Seo KW, Song KH. 2020. An assessment of 

vertebral left atrial size in relation to the progress of 

myxomatous mitral valve disease in dogs. Journal of 

veterinary clinics, 37(1): 9-14. 

Kim J-K, Park J-S, Seo K-W, Song K-H. 2018. 

Evaluation of ST2 and NT-proBNP as cardiac biomarkers 

in dogs with chronic mitral valve disease. Journal of 

veterinary clinics, 35(2): 35-38.  

Klein S, Nolte I, Granados-Soler JL, Lietz P, Sehn M, 

Raue JF, Rohn K, Packeiser EM, Bach JP. 2022. 

Evaluation of new and old biomarkers in dogs with 

degenerative mitral valve disease. BMC veterinary 

research, 18(256): 1-15.  

Kocatürk M, Baykal AT, Türkseven Ş, Acıoğlu Ç, 

Agudelo CF, Yılmaz Z. 2016. Evaluation of serum and 

ascitic fluid proteomes in dogs with dilated 

cardiomyopathy. Journal of kafkas university faculty of 

veterinary medicine, 22: 273-279.  

Kvart C, Häggström J, Pedersen HD. 2002. Efficacy 

of Enalapril for prevention of congestive heart failure in 

dogs with myxomatous mitral valve disease and 

asymptomatic mitral regurgitation. Journal of veterinary 

internal medicine, 16: 80-88. 

Lake-Bakaar GA, Johnson EG, Griffiths LG. 2012. 

Aortic thrombosis in dogs: 31 cases (2000-2010). Journal 

of the american veterinary medicine association, 241(7): 

910-915. 

Lee K, Park J-S, Seo K-W, Song K-H. 2018. 

Evaluation of ST2 and NT-proBNP as cardiac biomarkers 

in dogs with heartworm disease. Korean journal of 

veterinary service, 41(2): 79-83. 

Ljungvall I, Höglund K, Tidholm A, Olsen LH, 

Borgarelli M, Venge P, Häggström J. 2010. Cardiac 

troponin I is associated with severity of myxomatous 

mitral valve disease, age, and C-reactive protein in dogs. 

Journal of veterinary internal medicine, 24(1): 153-159. 

Locatelli P, Giménez CS, Vega MU, Crottogini A, 

Belaich MN. 2019. Targeting the cardiomyocyte cell cycle 

for heart regeneration. Current drug targets, 20(2): 241-

254.  

Madsen MB, Olsen LH, Häggström J, Höglund K, 

Ljungvall I, Falk T, Wess G, Stephenson H, Dukes-

McEwan J, Chetboul V, Gouni V, Proschowsky HF, Cirera 

S, Karlskov-Mortensen P, Fredholm M. 2011. 

Identification of 2 loci associated with development of 

myxomatous mitral valve disease in cavalier king charles 

spaniels. Journal of heredity, 102(1): 62-67. 

Meurs KM, Friedenberg SG, Williams B, Keene BW, 

Atkins CE, Adin D, Aona B, DeFrancesco T, Tou S, 

Mackay T. 2018. Evaluation of genes associated with 

human myxomatous mitral valve disease in dogs with 

familial myxomatous mitral valve degeneration. The 

veterinary journal, 232: 16-19. 

Nakayama T, Nishijima Y, Miyamoto M, Hamlin RL. 

2007. Effects of 4 classes of cardiovascular drugs on 

ventricular functionin dogs with mitral regurgitation. 

Journal of veterinary internal medicine, 21: 445-450. 

O’Brien MJ, Beijerink NJ, Wade CM. 2021. Genetics 

of canine myxomatous mitral valve disease. Animal 

genetics, 52: 409-421.   

Olsen LH, Martinussen T, Pedersen HD. 2003. Early 

echocardiographic predictors of myxomatous mitral valve 

disease in Dachshunds. Veterinary record, 152(10): 293-

297. 

Ontiveros ES, Stern JA. 2021. Genetics of canine 

subvalvular aortic stenosis (SAS). Canine genetics, 8(1): 

4. 

Oullet M, Belanger MC, DiFruscia R, Beauchamp G. 

2009. Effect of pimobendan on echocardiographic values 

in dogs with asymptomatic mitral valve disease Journal of 

veterinary internal medicine, 23: 258-263. 

Oyama MA, Fox PR, Rush JE, Rozanski EA, Lesser 

M. 2008. Clinical utility of serum N-terminal pro-B-type 

natriuretic peptide concentration for identifying cardiac 

disease in dogs and assessing disease severity. Journal of 

the American Veterinary Medical Association, 232: 1496-

1503. 

Oyama MA. 2013. Using cardiac biomarkers in 

veterinary practice. Veterinary clinics: Small animal 

practice, 43(6):1261-1272. 

Seddigh Nia A, Soylu H, Murat S, İskefli O, 

Koenhemsi L, Or ME, Gönül R. 2022. 

Electrocardiographic Changes in cavalier king charles 

spaniel dogs with mitral valve disease: clinical research. 

Turkiye Klinikleri journal of veterinary sciences, 13(1): 6-

10. 

Smith WKF, Tilley LP, Oyama M, Sleeper MM. 2015. 

Manual of Canine and Feline Cardiology, 5th edition, 

Saunders press, Missouri. 

The IMPROVE Study Group. 1995. Acute and short-

term hemodynamic, echocardiographic, and clinical 

effects of enalapril maleate in dogs with naturally acquired 

heart failure: results of the invasive multicentre 

prospective veterinary evaluation of enalapril study. 

Journal of veterinary internal medicine, 9: 234-242. 

Tidholm A, Menciotti G, Borgarelli M. 2024. Current 

use of real-time three-dimensional transthoracic 

echocardiography in animals. Journal of veterinary 

cardiology, 51: 97e104. 

Wendy WA. 2011. Cardiovascular Disease in Small 

Animal Medicine. third ed. Manson Publishing, London. 

Whitney JC. 1974. Observation on the effect of age on 

the severity of heart valve lesions in the dogs. Journal of 

small animal practice, 15(8): 511-522. 

Winter RL, Sedacca CD, Adams A, Orton EC. 2012. 

Aortic thrombosis in dogs: presentation, therapy, and 

outcome in 26 cases. Journal of veterinary cardiology 

14(2): 333-342. 

Vereb M, Atkins CE, Adin D, Blondel T, Coffman M, 

Lee S, Guillot E, Ward JL. 2023. Efficacy of a mitral 

regurgitation severity index to predict long-term outcome 

in dogs with myxomatous mitral valve disease.  Journal of 

veterinary internal medicine, 2023: 1-10.  

Vezzosi T, Puccinelli C, Citi S, Tognetti R. 2021. Two 

radiographic methods for assessing left atrial enlargement 

and cardiac remodeling in dogs with myxomatous mitral 

valve disease. Journal of veterinary cardiology, 34: 55-63. 

63




