
 
 

Mestrado Integrado em Medicina Veterinária 

Ciências Veterinárias 

 

A retrospective study on feline hypertrophic cardiomyopathy – 

prognostic indicators 

 

 

Dissertação de Mestrado em Medicina Veterinária 

 

Cláudia Sofia Sequeira Franco 

 

 

Orientadora 

Professora Doutora Maria João Miranda Pires 

 

Coorientadora 

Doutora Sandra Isabel Ferreira Regada 

 

 

Universidade de Trás-os-Montes e Alto Douro 

Vila Real, 2018 

 



 
 

  



 
 

Mestrado Integrado em Medicina Veterinária 

Ciências Veterinárias 

 

A retrospective study on feline hypertrophic cardiomyopathy – 

prognostic indicators 

 

Dissertação de Mestrado em Medicina Veterinária 

 

 

 

Cláudia Sofia Sequeira Franco 

Orientadora 

Professora Doutora Maria João Miranda Pires 

Coorientadora 

Doutora Sandra Isabel Ferreira Regada 

 

Composição do Júri: 

Professora Doutora Maria da Conceição Medeiros Castro Fontes 

Professora Doutora Ana Patrícia Sousa 

Professora Doutora Maria João Miranda Pires 

 

 

 

Universidade de Trás-os-Montes e Alto Douro 

Vila Real, 2018  



 
 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As ideias apresentadas neste trabalho são da exclusiva responsabilidade da autora.  



 
 



i 
 

Acknowledgments 

There are a number of people I want to thank for their help in putting together this dissertation. 

Firstly I would like to thank the staff from the Centro Hospitalar Veterinário: Dr. Ana Nunes da 

Ponte, Dr. André Pereira, Dr. Catarina Araújo, Dr. Hugo Gregório, Dr. Joana Cardoso, Dr. 

Joana Soares, Dr. Joana Sousa, Dr. Lénio Ribeiro, Dr. Luísa Oliveira, Dr. Mafalda Sá, Dr. Sara 

Peneda, Nurse Adriana Silva, Nurse Ana Martins, Nurse Carina Costa, Nurse Diana Ferreira, 

Nurse Filipa Vidal, Nurse Inês Afonso, Nurse Joana Carvalho, Nurse Marta Antunes, Nurse 

Rita Mirra, Nurse Stéphanie Buraco, Nurse Teresa Ferreira. Their support and dedication 

helped me to become a better professional and a better person. It has been an honour being 

part of this team. 

To Dr. Sandra Regada, a true inspiration as a veterinarian, as a cardiologist and as a person, 

a special thank for accepting to help me materialize this study and the guidance given over the 

course of it. 

To my internship colleagues, for being the perfect team and potentiating the most wonderful 

learning experience. 

I would also like to thank my dissertation advisor, Professor Maria João Pires, for accepting to 

guide me through this final experience in university.  Thank you for all the patience and the 

time devoted in order to make my work the best it could possibly be. 

The dearest friends Vila Real brought me: Ana Martins, Cristiana Castelo, Eduardo Pereira, 

Maria Inês Andrade, Maria Miguel Torres, Pedro Teixeira, Sofia Franco many thanks for the 

most intense 5-year university experiences. 

I must express my very profound gratitude to my parents for granting me the privilege of 

superior education, for believing in my potential and always encouraging me to surpass myself. 

I would also like to acknowledge my brother, who (almost) always listens to me and helps me 

rationalize like no one else can. 

Finally, I would like to thank my boyfriend for providing constant support and unconditional 

encouragement throughout my years of study and the process of writing this dissertation.  

This accomplishment would not have been possible without you. 

  

 

 



ii 
 

 

  



iii 
 

Abstract 

Hypertrophic cardiomyopathy is the most prevalent cardiac disease in cats. It is characterized 

by a concentric left ventricular hypertrophy, causing diastolic dysfunction and consequently 

congestive heart failure. Its clinical presentation is widely variable and the definitive diagnosis 

relies on echocardiography. Prognostic indicators are the gold standard to assess treatment 

options and the patient’s outcome.  

The aim of this retrospective study is to assess survival and prognostic indicators in cats 

affected with hypertrophic cardiomyopathy, to compare the results with previous studies on the 

same topic, and to take conclusions that can aid the everyday clinical practice. 

The study included 33 cats diagnosed with hypertrophic cardiomyopathy at Centro Hospitalar 

Veterinário. These animals were evaluated for population characteristics and survival times. 

The mean survival time on this study was 463.9 (±259.2) days. Univariable analysis showed 

an increased risk of cardiac death for cats presenting with clinical signs (p=0,022), regional 

wall hypokinesis (p=0,06), left atrial enlargement (p=0,013), left atrial systolic dysfunction 

(p=0,027), echocardiographic evidence of a hypercoagulable state (p=0,059), left ventricular 

general systolic impairment evaluated by the fractional shortening (p=0,010) and the ejection 

fraction (p=0,007) and left ventricular longitudinal dysfunction assessed by the mitral annular 

plane systolic excursion of the interventricular septum (p=0,022) and of the left ventricular free 

wall (p=0,034), and the tricuspid annular plane systolic excursion (p=0,020). 

These parameters provide essential information on the prognosis of cats diagnosed with 

hypertrophic cardiomyopathy, therefore they should always be assessed, registered and 

monitored for granting the best therapeutic protocols and to best manage owners’ expectation. 

 

Keywords: hypertrophic, cardiomyopathy, prognostic, cats, survival. 
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Resumo 

A cardiomiopatia hipertrófica é a doença cardíaca com maior prevalência em gatos. Esta é 

caracterizada por uma hipertrofia concêntrica do ventrículo esquerdo, causando disfunção 

diastólica e, consequentemente insuficiência cardíaca congestiva. A apresentação clínica é 

muito variável e o diagnóstico definitivo só é possível através da ecocardiografia. Os 

indicadores de prognóstico são a ferramenta de excelência para avaliar as opções de 

tratamento, bem como a evolução clínica do animal. 

O objetivo deste estudo retrospetivo consistiu em avaliar a sobrevivência e os fatores de 

prognóstico em gatos com cardiomiopatia hipertrófica, comparar os resultados com estudos 

anteriores sobre o mesmo assunto e tirar conclusões úteis para a prática clínica diária. 

O estudo incluiu 33 gatos diagnosticados com cardiomiopatia hipertrófica no Centro Hospitalar 

Veterinário. Nestes animais avaliaram-se as características da população e os tempos de 

sobrevivência. O tempo médio de sobrevivência neste estudo foi de 463.9 (±259.2) dias. A 

análise univariada demonstrou um risco aumentado de morte cardíaca em gatos com 

presença de sinais clínicos (p=0,022), com hipocinesia regional da parede miocárdica 

(p=0,06), com aumento do átrio esquerdo (0,013), disfunção sistólica do átrio esquerdo 

(p=0,027), evidências ecocardiográficas de um estado de hipercoagulabilidade (p=0,059), 

disfunção sistólica generalizada do ventrículo esquerdo avaliada através da fração de 

encurtamento (p=0,010) e pela fração de ejeção (p=0,007) e disfunção sistólica ventricular 

longitudinal avaliada através da excursão sistólica do plano anular mitral ao nível do septo 

interventricular (p=0,022) e ao nível da parede livre do ventrículo esquerdo (p=0,034) e através 

da excursão sistólica do plano anular tricúspide (p=0,020). 

Estes parâmetros fornecem informação essencial para o prognóstico de gatos diagnosticados 

com cardiomiopatia hipertrófica, portanto devem sempre ser avaliados, registados e 

monitorizados para garantir o melhor protocolo terapêutico e melhor gerir as expectativas dos 

tutores. 

 

Palavras-chave: hipertrófica, cardiomiopatia, prognóstico, gatos, sobrevida. 
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Chapter 1 - Introduction 

Cardiomyopathy is defined by the World’s Health Organization since 1995 (Ferasin, 2009a) as 

a cardiac disease characterized by the damage to the myocardium (Fuentes, 1992) and 

cardiac dysfunction, excluding inflammatory processes (myocarditis) (Ferasin et al., 2003). 

Although cardiomyopathies are the most common cardiac diseases in feline patients, heart 

disease in cats has never received the same attention as heart disease in dogs (Fuentes 

2015), and its classification has important limitations (Ferasin, 2009a). 

Cardiomyopathies can be primary, which means that the affection is primarily to the 

myocardium. These can be sorted by hypertrophic cardiomyopathy (HCM), restrictive 

cardiomyopathy (RCM), dilated cardiomyopathy (DCM), arrhythmogenic right ventricular 

cardiomyopathy (ARVC) and unclassified cardiomyopathy (UCM). Since some of these 

designations refer to the function and others to anatomical features, they often appear on the 

same animal. Therefore, feline cardiology still has a vast growth opportunity as far as 

myocardial diseases classification is concerned (Ferasin, 2009a). 

Secondary cardiomyopathies are those in which compensatory mechanisms, caused by 

systemic diseases, change the heart causing myocardial disease. These changes can be 

reverted by managing the primary cause. The most common systemic affections that cause 

ventricular hypertrophy in cats are hyperthyroidism and systemic hypertension, and less often 

acromegaly and pheochromocytomas (Fuentes, 1992). 

HCM is characterized morphologically by left concentric ventricular hypertrophy (Ferasin, 

2009a) and a nondilated left ventricle (LV) (Maron et al., 2006). Some cats have a dynamic left 

ventricular outflow tract obstruction (LVOTO) caused by systolic anterior motion (SAM) of the 

mitral valve (MV) (Fox et al., 1995). The term for this particularity is obstructive hypertrophic 

cardiomyopathy (OHCM) (Côté et al., 2011c). 

Echocardiographic parameters and measurements allow the physician to evaluate the heart in 

a precise and non-invasive manner (Häggström et al., 2015). It is the gold standard for 

evaluating cardiac anatomy and function (Payne et al. 2013), allowing the diagnosis of HCM.  

The heterogeneity of this disease (Payne et al., 2013), requires that both management and 

treatment rely on prognostic indicators, especially in asymptomatic cats (Fox and Schober, 

2015). So far, numerous studies tried to establish prognostic indicators in feline cardiac 

patients. According to Rush et al. (2002), older cats have shorter survival times. Cats with 
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HCM presenting clinical signs have a worse prognosis than those that are subclinical (Atkins 

et al., 1992; Rush et al., 2002). Gallop sounds or arrhythmia can be of great value to determine 

the prognosis of cardiomyopathy (Payne et al., 2013), but tachycardia is still a controversial 

factor (Rush et al.,2002). Echocardiographically left atrial enlargement (LAE) is associated with 

a higher incidence of arterial thromboembolism (ATE) (Smith et al., 2003; Spalla et al., 2015), 

although this relation causes controversy because of the subjectivity that are measurements 

obtained in M mode compared to B mode (Rishniw and Erb, 2000; Abbot and MacLean, 2006). 

A lower left atrial and left ventricular systolic function, an increased maximum thickness of the 

LV in B mode or M mode and diastolic measurements should also be included as prognostic 

indicators (Payne et al., 2013). 

There are also new studies on cardiac biomarkers and analytical parameters, such as the red 

cell distribution width (RDW) (Stanzani et al., 2015), that try to bring some light to the 

prognostic of the cardiac cat. 

The present study was developed as part of the curricular externship at Centro Hospitalar 

Veterinário, in Oporto, Portugal, during the period from September 4th, 2017 to February 28th, 

2018. All the animals in the study are, or have been, cardiac patients at this hospital. 
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Chapter 2 - Feline Hypertrophic Cardiomyopathy: Literature Review 

2.1. Definition 

Feline HCM is a primary cardiomyopathy morphologically defined by left concentric ventricular 

hypertrophy (Ferasin, 2009a) and a nondilated LV (Maron et al., 2006), in the absence of other 

systemic affections that might cause left ventricular hypertrophy (LVH), such as aortic stenosis, 

hyperthyroidism, systemic hypertension and less often, acromegaly and pheocromocitomas 

(Fuentes, 1992; Côté et al., 2011c). 

2.2. Phenotypes 

In the same way as human HCM, feline HCM is characterized by noticeable phenotypic 

variability (Figure 1). There can be a mild to severe LV hypertrophy (LVH), as well as 

segmental to diffuse LVH (Fox et al., 1995; Fox, 2003). 

Figure 1 - Phenotypic variability of feline HCM. Diffuse symmetrical LVH (A), diffuse asymmetric LVH 
with predominant thickening of the IVS (B) and predominant thickening of the LVFW (C), normal heart 
(D), segmental LVH with hypertrophy of the basal IVS (E) hypertrophy of the apex (F). Adapted from 
Chetboul (2017). 
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Diffuse HCM is the most commonly found phenotype in cats. It implies that both the 

interventricular septum (IVS) and the left ventricular free wall (LVFW) are hypertrophied (Fox 

et al., 1995; Fox, 2003) along with the papillary muscles, resulting in a reduced LV volume 

(Fox et al., 1995; Kittleson et al., 1999). This diffuse type of cardiomyopathy, that includes two 

thirds of the animals, can be further classified as symmetrical (IVS and LVFW are equally 

hypertrophied) or asymmetrical (when IVS is more hypertrophied than LVFW, or vice versa) 

(Chetboul, 2017), with the last type being more frequent (Fox, 2003).   

The remaining one-third of patients have a segmental phenotype, meaning that the 

hypertrophy is restricted to only one segment, most often the basal portion of the IVS and less 

often the cardiac apex (Fox et al., 1995; Fox, 2003). In cases where the IVS protrudes to the 

left ventricle outflow tract (LVOT), it results in an LVOT obstruction (LVOTO), defining OHCM 

(Chetboul, 2017). 

When LVH is mild to moderate, left atrium (LA) dimensions are often normal (Kittleson et al., 

1999), whereas severe LVH is often associated to LA enlargement (LAE) (Fox, 2003). Right 

ventricular (RV) hypertrophy (RVH) can be present, and it may or may not be accompanied by 

right atrial (RA) enlargement (Chetboul, 2017).  

2.3. Prevalence 

There are very few studies about the prevalence of feline cardiomyopathies. Two small studies 

suggest an HCM prevalence of 14-16% in a population of healthy cats (Paige et al., 2009; 

Wagner et al., 2010). The latest study, evaluating the prevalence of cardiac disease in 780 

apparently healthy cats, reveals HCM appears to be very common with an overall prevalence 

of 14,7% (Payne et al., 2015). It is of great importance to refer that this study used a cut-off 

value for the left ventricular wall thickness in diastole (LVWd) ≥6mm, because if a lower cut-

off value was to be used, this prevalence number would be higher (Payne et al., 2015), and as 

Häggström et al. (2016) reported, there are strong associations between body weight and 

echocardiographic dimensions. Therefore, assuming one single value as a cut-off value for 

every cat, regardless its weight, may have been causing underestimated prevalence values 

for HCM in studies before 2016. 

Trehiou-Sechi et al. (2012) showed that 46,4% of the Maine Coon cats have diffuse symmetric 

LVH, 42,9% of the Chartreux, and 43,9% of the Persians have basal IVS hypertrophy, which 

implies that the last two breeds also have OHCM more often (44%) than other breeds (18%). 
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Cardiomyopathies, other than HCM, found on these prevalence studies include one case of 

ARVC and one case of UCM (Paige et al., 2009; Wagner et al., 2010). According to Ferasin 

(2009a), HCM has a 58% prevalence value when compared to other cardiomyopathies. 

2.4. Etiology 

Feline HCM is known to be familial in some cat breeds. There is a genetic predisposition of 

some pedigrees, such as Maine Coons (Mary et al., 2010) and Ragdolls (Borgeat et al., 2014; 

Payne et al., 2010). Some pure breeds have been well represented in HCM studies (Wagner 

et al., 2010), such as Sphynx, British Shorthair (Abbott, 2010), Persians, Cornish Rexes 

(Fuentes, 2002) among others, but there is the need to pursue more studies about this subject. 

It is thought that familial HCM in pedigree breeds is associated with a single mutation in each 

breed, but some breeds can have multiple causal mutations (Häggström et al., 2015). 

In humans, approximately 50% of the HCM patients have a known mutation of the sarcomere 

(Erdmann et al., 2003). In feline patients, a mutation in the myosin binding protein C3 gene 

(MYBPC) has been associated with HCM in both Maine Coon and Ragdoll cats (Meurs et al., 

2005; Meurs et al., 2007). In Maine Coons, there is a missense mutation in the A31P codon 

which causes translation of the amino acid proline instead of alanine (Meurs et al., 2005). HCM 

is an autosomal dominant disease on this breed (Kittleson et al., 1999), most of these cats are 

heterozygotic for this trait, and the probability of developing HCM rises for homozygotic 

animals and with age increase (Mary et al., 2010). In Ragdoll cats, the missense mutation 

causes the translation of tryptophan instead of arginine in the R820W codon (Meurs et al., 

2007), and most animals are also heterozygotic (Borgeat et al., 2014).  

MYBPC (Figure 2) is responsible for the contraction and the relaxation of the myocyte and, 

therefore, contributes to the systolic and diastolic function (Meurs et al., 2005). A defective 

sarcomere stimulates cell machinery to synthesize more myocytes to compensate the 

dysfunctional cells. This abnormality results in diminished ventricular diastolic relaxation and 

increased systolic stiffness (Côté et al., 2011c).  

Despite the lack of studies on this matter, environmental influences including airborne, 

waterborne and nutritional factors do not seem to cause HCM (Côté et al., 2011c). Feline 

cardiomyopathies continue mostly idiopathic (Meurs et al., 2005; Meurs et al., 2007). 
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Figure 2 - Sarcomeric proteins of the cardiac myocyte. Adapted from Kittleson et al. (2015). 

2.5. Pathophysiology 

2.5.1. Diastolic Dysfunction 

Diastole is divided into four phases: isovolumic relaxation, rapid passive filling, diastasis and 

atrial contraction (Schober and Chetboul, 2015). 

Isovolumic relaxation stands for active, ATP consuming, ventricular relaxation with no increase 

in chamber volume, causing a quick decline in LV pressure. Once LV pressure is less than LA 

pressure, the MV opens, and the rapid passive filling phase begins. When both pressure values 

equilibrate, there is a pause between the first and second heart sounds, and this is called 

diastasis (Côté et al., 2011c). Slower heart rates may aid in ventricular filling in a stiff ventricle 

because they cause a more extended diastasis period (Côté et al., 2011c) while tachycardia 

exacerbates the diastolic dysfunction by reducing diastolic time (Ferasin, 2009b). After this, 

atrial systole occurs, being responsible for 15-20% of the LV diastolic volume (Schober and 

Chetboul, 2015). 
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Diastolic dysfunction refers to abnormalities of active myocardial relaxation, passive 

compliance and myocardial stiffness leading to abnormal filling (Schober and Chetboul, 2015). 

This is the primary mechanism responsible for clinical manifestations of HCM (Abbot, 2010) 

as myocardial hypertrophy causes reduced ventricular compliance which is due to fibrotic 

lesions (Ferasin, 2009b). 

Diastolic impairment leads to the rising of ventricular filling pressures (Abbott, 2010), which are 

compensated, initially, by LAE (Ferasin, 2009a). When the maximal compliance point is 

reached, it results in pulmonary venous congestion (Abbott, 2010) and hypertension and 

eventually pulmonary edema, pleural effusion or both (Ferasin, 2009a). Cats have an 

anatomical particularity not found in dogs. Venous circulation of the visceral pleura drains into 

the LA, so, contrary to dogs, left heart failure in cats can also lead to pleural effusion (Côté et 

al., 2011b). LAE also results in blood stasis because of the diminished blood velocities. 

Therefore, the animal is predisposed to thrombus formation and consequently ATE (Laste and 

Harpster, 1995; Stokol et al., 2008). 

Coronary blood flow is assured during diastole, for this reason diastolic dysfunction, and 

consequent tachycardia, also aggravate myocardial ischemia (Ferasin, 2009b). 

2.5.2. Myocardial Ischemia 

Regional myocardial ischemia is commonly found in HCM, frequently followed by replacement 

fibrosis (Ferasin, 2009b). The inadequate blood supply causes infarction of the myocardium 

(Cesta et al., 2005) and although its pathogenesis is still unknown, there are some theories.  

It is thought that muscle hypertrophy or distension causes intramural coronary arterial disease, 

beyond the ability of the vasculature to supply blood (Ferasin, 2009b). Luminal narrowing 

caused by hypertrophy, coronary ATE and apoptosis have also been suggested as a possible 

myocardial loss, and subsequent fibrosis (Cesta et al., 2005). 

Troponin I elevation in cats with HCM might indicate ongoing myocardial damage, possibly 

secondary to concurrent myocardial infarction (Connolly et al., 2003).  

These abnormalities will induce systolic and diastolic impairment, ventricular remodeling and 

malignant ventricular arrhythmias (Ferasin, 2009b). 
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2.5.3. Systolic Dysfunction 

Any myocardial disease that causes significant ischemia and replacement fibrosis (Figure 3) 

may originate systolic impairment; resulting in enlarged end-systolic ventricular diameter which 

leads to increased ventricular filling pressure and reduced stroke volume (Ferasin, 2009a). 

 

Figure 3 - Severe replacement fibrosis of the left ventricular myocardium. Adapted from Côté et al., 
(2011). 

Evaluation of HCM feline patients using pulsed tissue Doppler imaging (TDI) has shown the 

presence of systolic impairment in this disease (Koffas et al., 2006; Sampedrano et al., 2006). 

A recent study also reported that, similarly to human patients, feline HCM patients have 

significant longitudinal systolic dysfunction (Spalla et al., 2017).  

Systolic function evaluation is an important prognostic indicator because cats with systolic 

dysfunction are more likely to die sooner than those with normal systolic function (Payne et al., 

2013). 

2.5.4. Dynamic Left Ventricular Outflow Tract Obstruction 

Dynamic LVOTO, in contrast with anatomic or fixed obstruction, results from SAM of the MV 

anterior leaflet in the direction of the IVS (Fox et al., 1995). This makes the MV to be in contact 

with the IVS causing a mechanical impediment to ventricular ejection (Abbott, 2010) because 

of the narrowing of the LVOT and, consequently, interfering with the LV outflow (Figure 4) 

(Ferasin, 2009a). 

There has been more than one theory for explaining SAM of the MV. Initially, it was suggested 

that it was the result of the Venturi effect, stating that when ejection velocities through the 

LVOT are augmented because of its narrowing, the anterior leaflet of the MV is sucked towards 

the IVS (Sherrid et al., 2000). Later on, it was suggested that hydrodynamic pushing and 

dragging forces are mainly accountable for SAM of the leaflets (Sherrid, 2006). It is very likely 
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that SAM has multifactorial causes. Echocardiographic identification of SAM is not a 

pathognomonic feature of HCM, but it is highly suggestive of this disease in cats (Abbott, 2010; 

Schober and Todd, 2010). 

SAM is very commonly accompanied by a murmur because of the deficient apposition of the 

valve apparatus during systole (Abbott, 2010). In some patients, this heart murmur is audible 

at rest, but there are some cats in which it is only possible to perceive the murmur when they 

are excited or stressed, with an increased heart rate and cardiac contractility (Ferasin, 2009a). 

HCM patients with SAM seem to live longer than patients that do not have this 

echocardiographic finding, according to Rush et al. (2002), and this is likely because a murmur 

sound favours early diagnosis in asymptomatic patients (Spalla et al., 2015). 

 

Figure 4 - Hypertrophic Cardiomyopathy (A) and Obstructive Hypertrophic Cardiomyopathy with systolic 
anterior motion of the mitral valve and left ventricular outflow tract obstruction (B). Adapted from 
Chetboul (2017). 

2.5.5. Neuroendocrine Activation 

In an attempt to compensate deteriorating cardiac performance, there is the activation of some 

compensatory mechanisms such as the sympathetic nervous system (SNS) and the renin-

angiotensin-aldosterone system (RAAS) (Scollan and Sisson, 2017). 
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2.5.5.1. Sympathetic Nervous System 

Similarly to human patients, the SNS activity is augmented in cats with heart disease without 

congestive heart failure (CHF) (Cohn and Rector, 1988). 

Preload, afterload, myocardial contractility, heart rate and ventricular synchrony determine 

cardiac output (Scollan and Sisson, 2017). An augmented heart rate increases cardiac output 

to a certain limit value. Once this value is exceeded, an increase in heart rate diminishes stroke 

volume and cardiac output, because of the reduced diastolic intervals (Sullivan and Cobb, 

1992). The activation of the SNS affects the sinoatrial (SA) node depolarization causing 

increased heart rate (Scollan and Sisson, 2017). This adaptive response, in an injured 

myocardium, has deleterious effects, contributing to CHF and exacerbating it (Scollan and 

Sisson, 2017). HCM patients already have diastolic dysfunction, and this compensatory 

mechanism worsens it (Ferasin, 2009a). 

The SNS activity is also increased to initially compensate the myocardial contractility 

impairment associated with HCM (Ferasin, 2009a), resulting in increased rate and force of 

contraction of the myofilaments (Scollan and Sisson, 2017). 

SNS activation also results in venous constriction, which in CHF patients results in increased 

venous return and consequently increased preload. This causes the necessity of higher force 

of contractility of the cardiac myocytes which in HCM patients are diminished (Scollan and 

Sisson, 2017). The SNS activation and its consequences end up exacerbating myocardial wall 

stress (Ferasin, 2009a). 

The low cardiac output and following SNS activation results in the activation of the RAAS 

(Scollan and Sisson, 2017).  

2.5.5.2. Renin-Angiotensin-Aldosterone System 

Renin is an enzyme synthesized and secreted by the juxtaglomerular apparatus when there is 

a decreased renal perfusion, sensed by the baroreceptors, caused by blood perfusion decline 

which is due to diastolic and systolic dysfunction in HCM patients (Taugner, 2001). This 

enzyme accelerates the conversion of angiotensinogen to angiotensin I which is later 

converted to angiotensin II by the angiotensin-converting enzyme (ACE). The ACE is also 

responsible for inhibiting bradykinin, which is a potent vasodilator (Scollan and Sisson, 2017). 

Angiotensin II is a potent vasoconstrictor, has a trophic effect on the myocardium (Brilla and 

Rupp, 1994; Mazzolai et al., 1998) and stimulates aldosterone production which promotes 
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sodium and water retention in the kidney (Scollan and Sisson, 2017). In healthy cats, 

angiotensin II and aldosterone play a crucial role in maintaining blood pressure in case of 

hemorrhage or salt and water deprivation (reduced blood volume). In CHF patients they have 

an important contribution to the development of myocardial hypertrophy and ventricular 

remodeling (Cha et al., 2000), with angiotensin II having a trophic effect on the myocardium. 

HCM patients have increased aldosterone (Kittleson, 1998) and renin values (Taugner, 2001). 

Moreover, the RAAS activation results in vasoconstriction and venous return increase, which 

result in augmented myocardial wall stress (Taugner, 2001).  

2.5.5.3. Natriuretic Peptides 

Natriuretic peptides are neurohormonal markers (Boswood, 2008). Atrial natriuretic peptide 

(ANP) and B-type natriuretic peptide (BNP) are synthesized from cardiac mRNA and stored in 

the atria as proANP and proBNP (Sisson, 2004). In healthy animals, ANP and BNP circulating 

forms derive mainly from the atria (Vikstrom et al., 1998). When there is atrial enlargement, 

there are sudden rises in plasma concentrations of ANP and BNP, and a sustained increase 

of these values is observed in heart disease patients (Lewin et al., 1998). In HCM cats, plasma 

BNP concentrations surpass those of ANP because its production switches from the atrium to 

the ventricles (Liu et al., 2002). 

ANP and BNP have opposite effects from those of RAAS (Espiner, 1994). Acting on the A-type 

natriuretic receptor (NPR-A) they cause natriuresis by inhibiting sodium retention in the kidney, 

increasing diuresis; they inhibit RAAS by impeding renin release from the kidney and 

aldosterone by the adrenal cortex. This receptor also mediates vasodilation of systemic and 

pulmonary arterioles decreasing vascular resistance (Sisson, 2004). ANP and BNP act on the 

B-type natriuretic receptor (NPR-B) as well, but this receptor preferably mediates 

vasorelaxation from locally synthetized C-type natriuretic peptide (CNP) (Sisson, 2004). 

As observed in humans, cats with myocardial disease have substantial increases in ANP and 

BNP circulating concentrations. Quantifying BNP plasma values may help identify HCM early 

(Sisson, 2004), as well as discriminate patients with respiratory distress originated by acute 

CHF from those with other origins (Sisson et al., 2003). 
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2.5.5.4. Endothelin 

Endothelin (ET) is a peptide responsible for maintaining the standard vascular tone (Hayne 

and Wedd, 1998). In healthy cats, circulating ET-1 levels are usually low and derive from the 

vasculature (Sisson, 2004).  

ET’s structure is conserved among many mammalian species with the exception of the cat 

(Biondo et al., 2003). Similarly to natriuretic peptides, ET inhibits renin release in the plasma, 

but divergently it stimulates aldosterone secretion (Rossi et al., 1999). 

Prošek et al. (2004) found a significant difference in ET-1 immunoreactivity between healthy 

cats and cats with CHF or ATE and also between healthy cats and cats with primary myocardial 

disease, but no evidence of CHF or ATE. Moreover, its immunoreactivity seems to be 

associated with LA:Ao (left atrial diameter to aortic diameter) ratio and LVH score in the HCM 

and OHCM population, suggesting its concentration is related with disease progression 

(Prošek et al., 2004). 

2.5.6. Arterial Thromboembolism 

ATE is highly associated with HCM, probably because this is the most common 

cardiomyopathy occurring in cats (Côté et al., 2011a). Although the primary cause of ATE in 

cats is myocardial disease, it can also happen due to neoplasia (Laste and Harpster, 1995; 

Smith et al., 2003).  

ATE is associated with significant morbidity and mortality (Côté et al., 2011a). This syndrome 

is a devastating complication that occurs when thrombi, located in the heart chambers or 

another part of the circulation, embolize and migrate to peripheral arteries (Figure 5) (Fuentes, 

2012). Three thrombotic factors have to be present for this syndrome to occur, and these are 

called the Virchow’s triad: endothelial dysfunction, blood stasis and altered blood coagulability 

(Côté et al., 2011a). All of these factors are often present in cardiomyopathies. Endothelial 

dysfunction occurs because of the fibrosis and necrosis of the myocardium in cats with heart 

disease (Liu, 1977). The LA is very frequently the source of thrombus because this chamber 

is often enlarged in cardiomyopathic cats (Fuentes, 2012), causing blood stasis and abnormal 

emptying of the heart (Côté et al., 2011a). Blood coagulability is increased in feline cardiac 

patients, once their platelets are more reactive than healthy cats’ (Helinski and Ross, 1987).  
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Figure 5 - Cat with pelvic limb paralysis due to arterial thromboembolism associated with hypertrophic 
cardiomyopathy. Cyanosis of the feet pads of the pelvic limb (left) compared to normal thoracic limb 
(right). Image courtesy of Dr. Hugo Gregório. 

2.6. Diagnosis 

It is essential to know which tools are available for diagnosing cardiac patients. When cardiac 

disease is suspected, the clinician must differentiate myocardial disease from other types of 

cardiac disease, as well as non-cardiac disease (Fuentes, 2002). 

Aside from history, clinical presentation, and physical examination findings, further 

investigation is necessary to define a course of action. Echocardiography and histopathology 

are the two ways of making a definitive diagnosis. As histopathology is a post-mortem 

evaluation, echocardiography is the most important diagnostic tool, providing a non-invasive 

assessment of cardiac anatomy and function (Ferasin, 2009b). 

2.6.1. Patient Identification 

The median age at presentation, approximately 6 years old, seems to be similar in numerous 

studies (Atkins et al., 1992; Rush et al., 2002; Ferasin et al., 2003; Payne et al., 2010; Payne 

et al., 2013).  

Male cats are naturally predisposed to HCM, as it has been consistently reported (Atkins et 

al., 1992; Fox et al., 1995; Rush et al., 2002; Ferasin et al., 2003; Payne et al., 2010; Trehiou-

Sechi et al., 2012), even in human literature (Olivotto et al., 2005). However, male patients do 
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not seem to have shorter survival times after diagnosed, compared with females (Atkins et al., 

1992; Payne et al., 2010; Payne et al., 2013).  

There is a genetic predisposition of some pedigrees, as previously mentioned. 

2.6.2. Clinical Findings 

HCM has very heterogeneous clinical presentations. Usually, suspicion of the disease arises 

accidentally. During routine veterinary visits, the clinician identifies auscultatory findings, such 

as arrhythmias, gallop sounds or murmurs that call for further investigation (Atkins, 2009; 

Abbott, 2010). Another common occurence are cats admitted to the hospital with clinical signs 

resultant from heart failure or ATE (Atkins et al., 1992; Rush et al., 2002). Unfortunately, there 

are some cases where sudden death is the first clinical manifestation of the disease (Abbott, 

2010; Atkins, 2009). 

Murmurs are present when the patient has SAM of the MV, resulting in LVOTO and mitral 

regurgitation, or it can have mitral regurgitation caused by hypertrophic remodeling and 

distortion of the mitral apparatus (Abbot, 2010; Häggström et al., 2015). Murmurs are labile 

and dynamic phenomena and are described in healthy cats because of a benign dynamic right 

ventricular outflow tract obstruction (DRVOTO), as well as in cats with noncardiac disease 

(Rishniw, 2002). Therefore, a murmur can be the first reason to investigate, but further testing 

will define if it is caused by structural cardiac disease.  

Many cardiomyopathic cats have severe paroxysmal arrhythmias, not detected during 

auscultation or electrocardiographic recording, that are responsible for episodes of syncope 

and sudden death (Ferasin, 2009a).  

The most common clinical sign is sudden respiratory distress (Abbott, 2010) with tachypnea 

and dyspnea (Atkins, 2009; Abbott, 2010), as a consequence of pulmonary edema or pleural 

effusion (Abbott, 2010; Fuentes, 1992). These animals have muffled heart sounds when 

auscultated (Ferasin, 2009a). This suggests the presence of CHF, which can be sudden after 

a stressful event on the cat’s life, explained by a rapid release of catecholamines that results 

in vasoconstriction (Ferasin, 2009a). 

Ascites and hepatomegaly are rarer in cats (10% of the cardiomyopathic cases), being 

suggestive of right-sided heart failure and less frequent in HCM than in other forms of 

cardiomyopathies (Ferasin, 2009a). 
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It is common to find tachycardia in cats, which worsens the clinical presentation of these 

animals by affecting myocardial diastolic function and reducing coronary blood flow (Ferasin, 

2009a). However, tachycardia is still a controversial factor (Rush et al.,2002) and there is still 

no consensus on a threshold to define it (Ferasin, 2009a). 

Signs of cardiogenic shock can also be present (Fuentes, 1992), and cats may present with 

pale mucosa, normal to weak pulse and hyperdynamic apex beat (Atkins, 2009). Significant 

hypothermia can also be observed, especially when complicated by ATE (Ferasin, 2009a). 

ATE’s clinical presentation consists in an abrupt onset of severe distress and vocalizing 

associated with pain. With the distal aorta being the most common site of embolization, cats 

usually present with one or both pelvic limbs paresis/paralysis (Figure 6) (Fuentes, 2012). 

 

Figure 6 - Cat with both pelvic limbs paralyzed (arterial thromboembolism). Image courtesy of Dr. 
Sandra Regada. 

2.6.3. Blood Analysis 

Comprehensive blood tests are essential to determine the overall state of the cardiac patient, 

as there are concurrent diseases which can have a significant influence on management 

options (Côté et al., 2011c). 

Hematologic profiles are useful in cardiac patients when a concurrent inflammatory disease is 

suspected (Boswood, 2008). It is also useful to evaluate hematocrit in these patients because 

the presence of anemia worsens the LV volume overload. In cats with HCM, this can contribute 

to arrhythmogenesis and CHF (Côté et al., 2011c).  
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Furthermore, in a study by Stanzani et al. (2015) red blood cell distribution width (RDW) 

alterations can correlate with HCM. Similarly to what happens in human medicine (Allen et al., 

2010), it seems that cats with HCM and CHF have significantly greater RDW values than cats 

with HCM without CHF and healthy animals (Stanzani et al., 2015). 

Serum creatinine and blood urea nitrogen (BUN) values do not differ between asymptomatic, 

CHF or ATE patients (Rush et al., 2002), but with renal perfusion decline caused by CHF, cats 

can develop azotemia (Boswood, 2008). Healthy cats have a 25% azotemia prevalence value, 

while HCM patients have 59% (Gouni et al., 2008). When diuretic treatment is implemented, it 

can cause pre-renal azotemia due to dehydration (Côté et al., 2011c). Therefore plasmatic 

creatinine and BUN values should be assessed prior, and two weeks after, starting treatment 

(Boswood, 2008). Hypochloremia and hypokalemia frequently relate to diuretic use, 

particularly loop diuretics (Boswood, 2008). 

Rush and Freeman (2002) reported that the hepatic enzymes were mildly elevated in 70% of 

HCM cats. 

The thyroid hormone influences the cardiovascular system (Dillman, 2002). Being 

hyperthyroidism one of the most common causes of secondary LVH (Côté et al., 2011c), the 

measurement of thyroxine (T4), to exclude this disease as a differential diagnosis for primary 

HCM, is essential (Côté et al., 2011c). For this purpose, serum T4 concentrations should be 

measured in 7-year-old cats and older, routinely (Fox and Schober, 2015). 

Cardiac biomarkers have been used for over a decade, and the understanding of its clinical 

utility is ever evolving (Borgeat et al., 2015). There are two types available: Troponins T (cTT), 

C and I (leakage markers that indicate the death of myocardial cells); and natriuretic peptides 

(ANP, NT-proANP, BNP, and NT-proBNP) (Boswood, 2008). 

Primarily, N-terminal pro-B type natriuretic peptide (NT-proBNP) and cardiac troponin I (cTI) 

are used in cats. NT-proBNP has shown greater accuracy on distinguishing cardiac from non-

cardiac causes of respiratory stress than cTI; however, cTI can be used as part of 

prognostication along with CHF and echocardiographic measurements, whereas NT-proBNP 

prognostic value is insufficient (Borgeat et al., 2015). 

Particularly the NT-proBNP can be of great utility in an emergency room if it is possible to 

collect a blood sample with minimum restraint or using drained pleural fluid when the patient 

is not stable for radiography or echocardiography (Chetboul, 2017). There is a colorimetric test 

available for identifying cats with moderate to severe cardiomyopathy: NT-proBNP ELISA 
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(IDEXX Ltd.) (Machen et al., 2014). Furthermore, if there is an audible murmur, it can help 

define which cats are more likely to have occult HCM (Borgeat et al., 2015). 

Considering on how these diagnostic tools developed in human medicine it is smart to consider 

the potential they can still have in veterinary medicine for screening, prognostication, and 

monitoring and guiding therapy (Boswood, 2008). 

ET-1 is typically increased in human patients with CHF, and its concentration correlates with 

the severity of the disease (Prošek et al., 2004). Circulating ET-1 concentration is 

proportionally inverse to survival. Its plasma levels are also increased in cases of pulmonary 

hypertension and some forms of renal disease (Rubens et al., 2001). 

2.6.4. Systolic Blood Pressure 

Systemic arterial hypertension is a common affection in older cats (Atkins, 2007). This disease 

has deleterious effects in several organs, including the heart (Carr and Egner, 2009). The 

evaluation of systolic and diastolic blood pressure values in cats is therefore critical to 

distinguish systemic hypertension from HCM as the cause of LVH (Fox and Schober, 2015). 

2.6.5. Electrocardiography 

Since most arrhythmias in cardiomyopathic cats are paroxysmal, standard electrocardiography 

(ECG) is an insensitive diagnostic test (Ferasin, 2009b). For better use of this diagnostic tool, 

cats’ ECGs should be recorded for 24 hours (Holter), so that the sensitivity of the exam can be 

increased (Ferasin, 2009b). Abnormalities on the ECG can occur in all types of 

cardiomyopathy (Fuentes, 2002), and usually derive from chamber enlargement and 

conduction abnormalities (Ferasin, 2009b). 

A left anterior fascicular block (LAFB) is the most common abnormality, observed in 20-30% 

of cardiomyopathic cats (Ferasin, 2009b). It is mainly related to HCM (Rush, 1998; Ferasin et 

al., 2003), hyperthyroid patients (Ferasin et al., 2003; Fuentes, 2002), hyperkalemia and 

hypertension cases (Atkins, 2009). Although chamber morphological changes should affect 

the ECG (Fuentes, 2002), Ferasin et al. (2003) report that these abnormalities were not 

commonly observed. 

Other electrocardiographic variations found in HCM patients are ventricular premature 

complexes (VPC), ventricular tachycardia, atrial premature complexes, atrial tachycardia or 
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atrial fibrillation, from the most frequent to the less common (Fox and Harpster, 1999). When 

pleural or pericardial effusions are present, QRS voltages may be smaller (Fuentes, 2002). 

Different studies point to different incidence values in the various arrhythmias of cats with HCM 

(Fox et al., 1999; Ferasin et al., 2003), these dissimilar values can be explained by different 

times of ECG recording and the severity of the disease within the studied populations (Côté et 

al., 2011c). 

2.6.6. Thoracic Radiograph 

A thoracic radiograph is one of the most common diagnostic tools used in feline patients when 

heart disease is suspected (Guglielmini and Diana, 2015). Although it is not possible to 

differentiate the diverse types of cardiomyopathy (Fuentes, 2002), radiographs are very useful 

in assessing the etiology of a dyspneic cat (Guglielmini and Diana, 2015) and are crucial to 

assess CHF in cats with HCM (Côté et al., 2011c). 

Cardiac disease in cats is often associated with a change of shape and size of the cardiac 

silhouette and pulmonary vessels (Guglielmini and Diana, 2015). Cardiomegaly, generalized 

enlargement of the cardiac silhouette, is seldomly observed in HCM (Ferasin et al., 2003). 

Severely anemic cats (Wilson et al., 2010), cats with primary respiratory disorders (Sleeper 

and Roland, 2013) or cats with thyrotoxicosis often present with an enlarged cardiac silhouette 

(Rishniw, 2000).  

Van den Broek and Darke (1987), related cardiac size to intercostal space on a lateral view 

radiograph, however, this study has some limitations including the phase of respiration. 

Therefore, a more suitable technique would be the vertebral heart score (VHS), where the 

cardiac long and short axes are measured in any view and compared with the mid-thoracic 

vertebrae, starting the measurement at the fourth thoracic vertebrae, on the lateral 

radiographic view (Guglielmini and Diana, 2015). There are still limitations to this method 

related with difficulty to precisely identify the actual cardiac margins due to overlying soft tissue 

structures and imprecise length indicators as is vertebral length (Guglielmini et al., 2014).  

Overall, radiographic evaluation of the heart chambers does not offer superior diagnostic 

performance compared with echocardiography’s subjective evaluation (Guglielmini and Diana, 

2015). Severe bi-atrial enlargement is distinguished by a classic “valentine-shaped” heart 

(Figure 7) on a dorsoventral (or ventrodorsal) view (Ferasin, 2009b) and is reported in 

advanced stages of any feline cardiomyopathy (Fuentes, 2002). 



19 
 

 

Figure 7 - Bi-atrial severe enlargement in a ventro-dorsal view, causing valentine-shaped heart. 
Adapted from Guglielmini and Diana (2015). 

The presence of CHF can be confirmed by observing pulmonary edema (Figure 8A), pleural 

effusion (Figure 8B), and ascites (Ferasin et al., 2003). Nevertheless, feline cardiogenic 

pulmonary edema has a very variable presentation (Guglielmini and Diana, 2015), being either 

diffuse or patchy (Ferasin, 2009b; Côté et al., 2011c). Based on different studies, Guglielmini 

and Diana (2015) define the typical radiographic signs of cardiogenic pulmonary edema as 

unstructured interstitial pulmonary opacities that progress to an alveolar pattern depending on 

edema severity and sometimes involving the peribronchial interstitium, pulmonary vascular 

enlargement, and concurrent left sided cardiomegaly. However, pulmonary edema in cats is 

not limited to this description (Guglielmini and Diana, 2015). 

A B 

Figure 8 – Feline pulmonary edema (A), and pleural effusion (B). Image courtesy of Dr. Sandra Regada. 
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2.6.7. Echocardiography 

As it was previously referred, echocardiography is the gold standard tool to assess the heart. 

M-mode, B-mode and Doppler examination are the most precise non-invasive tools to identify 

myocardial disease in cats, as well as characterize them in HCM, RCM, DCM or UCM 

(Chetboul, 2017). Echocardiography is also the tool of excellence for monitoring patients after 

treatment is instituted (Fox and Schober, 2015). 

2.6.7.1. Left Ventricular Hypertrophy 

HCM’s diagnosis is based on the measurement values of the left ventricular wall thickness 

(Fuentes and Wilkie, 2017). LVH used to be defined as an end-diastolic septal or ventricular 

free wall thickness of 6 mm or greater (Côté et al., 2011c; Fuentes and Wilkie, 2017) in the 

absence of preload depletion (Fox et al., 1995). Yet, there has always been some controversy 

and an inferior limit of 5.5 mm is used by some authors, because most healthy cats have a 

ventricular thickness lower than this value (Wagner et al., 2010; Côté et al., 2011c). This leads 

to higher prevalence values, due to a higher number of positive diagnosis (Côté et al., 2011c). 

However, other studies proposed a narrower interval in some specific breeds and suggested 

that bigger cats probably have greater LVH measurement values (Gundler et al., 2008; 

Häggström et al., 2011). Later, Häggström et al. (2016) proved that there is a clinically relevant 

effect of body weight on echocardiographic measurements in cats with HCM, presenting 

reference values according to weight in M-mode. 

Although M-mode has been used for these measurements before, it may underestimate or 

overestimate myocardial hypertrophy by overlooking regional hypertrophy or as a 

consequence of incorrect positioning of the cursor (Bonagura, 2000; Wagner et al., 2010).  

Measurements of LVFW and IVS are more accurately obtained in B-mode at the level of the 

papillary muscles, on a right parasternal short-axis (RPSA) view (Figure 9) (Côté et al., 2011c; 

Häggström et al., 2015). The final dimensions should be obtained by an average of three 

measurements through three cardiac cycles (Häggström et al., 2015). When it is possible to 

use an ECG, measurements should be obtained during the R wave and on the broadest 

regions of the IVS and LVFW (Côté et al., 2011c). Evaluation of the IVS thickness should also 

be done on a right parasternal long-axis (RPLA) four-chamber view, or LVOT view, for better 

assessment of basilar hypertrophy (Côté et al., 2011c). When replacement fibrosis is present, 

it is observed in the echocardiographic examination as areas of hyperechogenicity of the 

myocardium and subendocardium (Côté et al., 2011c).  
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On those cats in which it is not possible to unequivocally diagnose HCM repeated examinations 

over time may help rule out or confirm the diagnosis (Häggstrom et al., 2015).  

 

Figure 9 – Two-dimensional echocardiographic assessment of left ventricular hypertrophy in a right 
parasternal short-axis view at the papillary muscles level. Image courtesy of Dr. Sandra Regada 

2.6.7.2. Systolic Anterior Motion of the Mitral Valve 

SAM of the MV causes turbulence of blood flow, narrowing of the LVOT and MV insufficiency 

(Côté et al., 2011c; Häggström et al., 2015) and is a frequent echocardiographic finding in cats 

with HCM (Fox et al., 1995). 

Echocardiographically, these findings can be assessed in M-mode, but more often they are 

assessed in the two-dimensional echocardiogram (Häggström et al., 2015). Using two-

dimensional echocardiography, SAM can be visualized from the RPLA LVOT view or in the left 

apical 5-chamber view (Côté et al., 2011c). It is very common to visualize a hyperechogenic 

region of the endocardium, a fibrotic plaque called “kissing lesion,” where the MV leaflet 

contacts with the IVS (Fuentes, 2002). 

The turbulent jets of the MV’s regurgitation can be assessed by color-flow Doppler (Figure 10) 

in the same views described above (Côté et al., 2011c). OHCM is diagnosed when two 

turbulent systolic jets can be observed: one into the LVOT and the other into the LA (mitral 

regurgitation) (Chetboul, 2017).  
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Figure 10 - Color-flow Doppler image showing systolic anterior motion of the mitral valve and left 
ventricular outflow tract obstruction in a right parasternal long-axis five-chamber view. Image courtesy 
of Dr. Sandra Regada. 

The severity of LVOTO is measured by continuous-wave Doppler, on a left apical 5-chamber 

view, aligning the cursor parallel with blood flow from the LV to the aorta. The pressure gradient 

is obtained by the pressure difference between the LV and the aorta, and its severity 

classification can be consulted in Table 1 (Côté et al., 2011c). In cats with SAM, a concave, 

late peaking appearance accompanied by high mitral regurgitation velocities is observed in the 

Doppler velocity profile (Figure 11) (Côté et al., 2011c; Chetboul, 2017).  

 

Table 1 - Classification of different severity levels for LVOTO. Adapted from Côté et al. (2011). 

Severity level Pressure gradient (mmHg) 

Mild < 50 

Moderate 50 - 80 

Severe > 80 

LVOTO - Left Ventricle Outflow Tract Obstruction 
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Figure 11 - Continuous-wave Doppler image of a patient with obstructive hypertrophic cardiomyopathy 
assessed in a left apical 5-chamber view. Image courtesy of Dr. Sandra Regada. 

2.6.7.3. Diastolic Dysfunction 

Left ventricular diastolic function is of great value for tracking clinical and morphologic changes 

of disease severity. Also, diastolic dysfunction staging is useful for assessing treatment 

efficacy in HCM (Schober and Hart, 2008). 

2.6.7.3.1. Left Atrial Size 

The LA is involved in the left ventricular filling being a reservoir during LV systole. After that it 

acts as the channel for blood passing through during the passive ventricular filling phase and 

finally it is an active pump (Linney et al., 2014) contributing for 15-20% more LV diastolic 

volume (Schober and Chetboul, 2015). The decrease in ventricular compliance, due to HCM, 

increases LA pressure (Nagueh et al., 2009). Therefore, progressive diastolic dysfunction can 

be evaluated echocardiographically by measuring the LA (Linney et al., 2014). With the 

disease progression, cats develop CHF signs such as pulmonary edema and pleural effusion 

(Johns et al., 2012). LA enlargement is a critical morphologic alteration in cats with cardiac 

disease (Schober and Chetboul, 2015), and if a cat with HCM presents with pleural effusion or 

pulmonary edema and has a normal sized LA, CHF can be excluded as the cause and there 

should be further investigation for non-cardiac diseases (Côté et al., 2011c). 

Left atrial size has significant implications on the therapeutics and in the prognosis of HCM 

(Rush et al., 2002; Schober and Maerz, 2006) and therefore its assessment is critical in these 
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patients (Côté et al., 2011c). Due to the absence of a readily applicable gold standard, there 

are no guidelines to define the optimal technique for measuring LA size (Schober and 

Chetboul, 2015). The measurement of LA size in M-mode is possible, but it can be problematic 

to align the cursor (Abbott and MacLean, 2006). Thus, it is advisable that the left atrial diameter 

measurement is assessed, using two-dimensional mode echocardiography (Ferasin, 2009b), 

in a RPSA view at the level of the aortic valve (Figure 12) (Abbott and MacLean, 2006; 

Schober et al., 2007). 

It is prudent to compare LA size with other cardiac reference structures to eliminate the 

influence of body weight (Schober and Chetboul, 2015). Left atrial diameter is compared to the 

aortic diameter and an LA:Ao ratio is obtained.  As there is fewer size diversity in cats than 

there is in dogs, some clinicians use the LA diameter measurement alone for left atrial size 

evaluation (Côté et al., 2011c; Schober and Chetboul, 2015). The reference values for defining 

LAE are listed in Table 2. 

 

Figure 12 - Measurement of the left atrial and aortic diameter of a normal heart in B-mode 
echocardiography (A) and left atrial enlargement (B) in a right parasternal short-axis view at the level of 
the aortic valve. LA – Left atrium; Ao – Aorta. Image courtesy of Dr. Sandra Regada. 

Table 2 - Echocardiographic Assessment of Left Atrial Size. Adapted from Côté et al. (2011). 

Left Atrial Size LA:Ao Left Atrial Diameter (mm) 

Normal < 1,5 < 16 

Mild LAE 1,51 – 1,79 16 – 19,9 

Moderate LAE 1,8 – 1,99 20 – 24 

Severe LAE > 2 > 24 

LAE – Left Atrial Enlargement; LA:Ao – Left atrial diameter to aortic diameter 

A B 
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LAE results in blood stasis (Laste and Harpster, 1995; Stokol et al., 2008), which can cause 

red cell aggregation and is observed in the echocardiographic examination as a spontaneous 

echocardiographic contrast, also called smoke effect (Rastegar et al., 2003; Côté et al., 

2011c). Smoke effect is an important prognostic indicator as it may reflect the patient’s 

predisposition to ATE (Ferasin, 2009b; Côté et al., 2011c). 

Johns et al. (2012) have suggested that atrial function might be of more importance than the 

LA size by itself, because the LV function is integrally linked to LA function (Linney et al., 2014). 

Also, measurements of the LA size can be biased because the left auricle is excluded (Côté 

et al., 2011c). There are some medications that influence the LA size, including diuretics and 

ACE inhibitors (Côté et al., 2011c). Cats with HCM (clinical and subclinical) have been shown 

to have reduced LA fractional shortening (LA-FS%) and reduced LA ejection fraction (LA-EF%) 

when compared to healthy cats (Johns et al., 2012; Linney et al., 2014). Furthermore, it has 

been suggested that cats with pleural effusion have more severe impairment of the LA function 

and an augmented RV diameter when compared with cats with pulmonary edema (Johns et 

al., 2012). The way to obtain the fractional shortening (FS) and the ejection fraction (EF) will 

be discussed further in the systolic dysfunction section. 

2.6.7.3.2. Transmitral Flow 

Transmitral flow is evaluated using pulsed-wave (PW) Doppler from a left apical 4-chamber 

long-axis view (Côté et al., 2011c; Häggström et al., 2015; Schober and Chetboul, 2015). 

Measurement of the peak early mitral inflow (E), mitral inflow during atrial systole (A), 

isovolumic relaxation time (IVRT), deceleration time of E (DTE) and A duration (Adur) are used 

to assess diastole in cats with HCM (Schober and Chetboul, 2015). The standard diastolic 

filling pattern is characterized by a short IVRT, a higher early filling wave (E) than the filling 

wave during atrial systole (A), and therefore an E:A ratio > 1 (Zile and Brutsaert, 2002). When 

relaxation is impaired transmitral flow patterns, along with other modalities, are anomalous and 

can be characterized in three different types: impaired relaxation, pseudonormal and restrictive 

(Figure 13) (Ohno et al., 1994; Oh et al., 1997). 

The impaired relaxation pattern indicates mild diastolic dysfunction seen in early stages of 

HCM (Jean Charles et al., 2011c). Delayed relaxation originates IVRT and DTE prolongation, 

E velocity decreases, and the A wave amplitude increases. These variations reflect a 

compensatory intensification of atrial involvement in ventricular filling in late diastole (Ferasin, 

2009b), causing the E:A ratio to reverse (< 1) (Côté et al., 2011c; Schober and Chetboul, 

2015). 



26 
 

As the diastolic dysfunction worsens, the diastolic pressure gradient between the LA and the 

LV increases, and the E velocity rises with it. This creates an apparently standard filling pattern 

and is, therefore, called pseudonormal pattern (Côté et al., 2011c; Häggström et al., 2015; 

Schober and Chetboul, 2015). Along with this, there is a shortening in IVRT and DTE (Côté et 

al., 2011c; Schober and Chetboul, 2015). 

In the most severe form of diastolic dysfunction, the restrictive pattern, there is a fast E wave, 

that ends brusquely and a low velocity A wave (Côté et al., 2011c; Schober and Chetboul, 

2015). This is caused by the significant increase of left ventricular stiffness, the lack of 

compliance and the elevated atrial pressure (Häggstrom et al., 2015). This pattern also has 

reduced IVRT and DTE and an E:A ratio abnormally increased (> 2) (Côté et al., 2011c). 

Studies show that there can be a progression through these various dysfunction phases with 

the deterioration of the heart condition (Appleton, 1992; Ohno et al., 1994). However, this 

progression is not always sequential nor linear (Schober and Chetboul, 2015). 

Since myocardial relaxation and stiffness are affected by aging, it is expected that older cats 

have altered filling velocities. Although there are no studies in cats that indicate when it is 

normal for physiological values to change, Schober and Chetboul (2015) suggest that healthy 

cats above 12 years of age are expected to have delayed relaxation (E:A reversal). 

2.6.7.3.3. Pulmonary Vein Flow 

The assessment of transmitral flow can be ambiguous in determining the presence of diastolic 

dysfunction, especially if the cat is in a pseudonormal pattern phase (Côté et al., 2011c). 

Measurement of pulmonary venous flow with PW Doppler is used in addition to better 

comprehend transmitral flow patterns when it is not possible to interpret these alone (Appleton 

et al., 1997; Ommen et al., 2000; Nagueh, 2009). 

These measurements can be evaluated from a left apical 4-chamber long-axis view, a RPSA 

heart base view (Santilli and Bussadori, 1998) or a left parasternal tilted view (Schober and 

Maerz, 2006) using color-flow Doppler as guidance (Schober and Chetboul, 2015). 

Pulmonary vein blood flow has a tri-phasic pattern (Figure 13) with a positive systolic wave 

(PVs) determined by LA diastole and LV systole, a positive diastolic wave (PVd) reflecting the 

passive filling of the ventricles and a negative wave (PVa) reflecting pulmonary vein reverse 

blood flow during atrial systole (Santilli and Bussadori, 1998; Disatian et al., 2008). When the 

cat has a cardiac disease, it is possible to observe phasic changes in pulmonary venous blood 

flow (Schober and Chetboul, 2015). 
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Using pulmonary venous flow PW Doppler to unmask the pseudonormal phase in transmitral 

flow consists in observing a “diastolic-dominant” flow pattern and in calculating the PVs:PVd 

ratio as well as comparing the A wave duration (Adur) with the PVa wave duration (PVadur). A 

healthy patient has “systolic-dominant” pattern and a PVs:PVd ratio ≥ 1. When a cat enters an 

early stage of HCM (impaired relaxation phase) the systolic-dominant pattern continues with a 

more prominent PVa wave. Eventually, with myocardial disease progression, the PVs:PVd ratio 

reverses with a diastolic-dominant pattern (pseudonormal phase), and the deceleration time 

of the PVd wave becomes shorter and PVa duration increases. In the restrictive phase of 

diastolic dysfunction, there is an abrupt decrease of the systolic wave, an increase of the 

diastolic wave with short deceleration time and an absent or small PVa wave (Rossvoll and 

Hatle, 1993; Ommen at al., 2000; Schober and Chetboul, 2015).  

 

Figure 13 - Doppler echocardiographic assessment of diastolic dysfunction. Adapted from Zile and 
Brutsaert (2002). ECG - electrocardiography; E - early left ventricle filling velocity; A - velocity of left 
ventricle filling during atrial systole; IVRT - isovolumic relaxation time; PVs - systolic pulmonary vein 
velocity; PVd - diastolic pulmonary vein velocity; PVa - pulmonary vein velocity during atrial systole; Sm 
- ventricular systolic mitral annular velocity; Em - early diastolic mitral annular velocity; Am - late diastolic 
mitral annular velocity during atrial systole. 
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2.6.7.3.4. Mitral Annular Velocities 

The mitral annular velocities can be assessed by PW TDI, which can be obtained from the LV 

mitral annulus (Schober and Chetboul, 2015) and assess diastolic and systolic function with 

low error (Chetboul et al., 2004). TDI is the favored echocardiographic method to assess 

diastolic impairment in cats with heart disease, especially HCM (Gavaghan et al., 1999), 

because it is not as sensitive to alterations such as heart rate and hydration status (preload), 

as traditional PW Doppler (Nagueh et al., 1997; Schober et al., 2003). However, there isn’t any 

technique utterly independent of these influences (Côté et al., 2011c). The mitral annular 

velocity pattern is obtained from a left apical long-axis 4-chamber view, and it is preferably 

assessed in the LVFW as opposed to the IVS, to assure there is no influence from the RV 

(Schober and Chetboul, 2015). This parameter is similar to the traditional PW Doppler 

transmitral flow pattern, but reversed (Figure 13), and it allows the distinction between normal 

and pseudonormal patterns in the transmitral flow (Schober and Chetboul, 2015). There is an 

Sm wave corresponding to ventricular systole, an Em wave corresponding to left ventricular 

relaxation in early diastole and an Am wave corresponding to atrial systole during late diastole 

(Côté et al., 2011c; Schober and Chetboul, 2015). In healthy cats, the Em wave progressively 

increases from the apex to the mitral annulus, and measurements from the LVFW are higher 

than the ones from the septum (Nikitin and Witte, 2004).  

When diastole is impaired the amplitude of the Em wave is reduced (Côté et al., 2011c). In 

cats with HCM, there is a reduced Em wave (Gavaghan et al., 1999; Koffas et al., 2006; Carlos 

et al., 2009) with abnormally prolonged acceleration and deceleration times (Koffas et al., 

2006). Tachycardia augments the Em wave in a way that can falsely normalize the parameter 

in HCM patients with early diastolic impairment (Gavaghan et al., 1999; Chetboul et al., 2004). 

As observed in humans (Ho et al., 2002; Nagueh et al., 2003), familial HCM can be detected 

with PW TDI before concentric LV hypertrophy or SAM is present in Main Coon cats with 

MYBPC3 mutation (MacDonald et al., 2007). Diastolic dysfunction in Main Coon cats with 

familial HCM appears to be independent of LVH (Côté et al., 2011c). 
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2.6.7.4. Systolic Dysfunction 

In HCM patients the ventricular systolic function is characteristically augmented with a 

hyperdynamic muscle (Jacobs and Mahjoob, 1988). With the disease progression to end-stage 

HCM the systolic function of both the LA and LV decreases (Boon, 2011). The systolic function 

of the heart can be evaluated by its changes in size and volume (Linney et al., 2014). 

2.6.7.4.1. Fractional Shortening  

The FS measures the radial contraction of the heart chamber under evaluation (Madron, 2016). 

It can be measured in M-mode, using a RPSA transventricular view (Figure 14) (Boon, 2011). 

A decrease in FS reflects impairment in the efficiency of the heart to eject blood (Madron, 

2016). However, this parameter is highly dependable on the hemodynamic situation of the 

patient. Preload, afterload and contractility are the three factors that can interfere with this 

measurement, individually or together. A low value in FS can be due to poor preload, 

augmented afterload or decreased contractility, while a greater value in FS can be caused by 

increased preload or decreased afterload (Boon, 2011). The clinician should assess this 

parameter keeping in mind preload and afterload conditions on each patient (Borow et al., 

1982).  

 

Figure 14 - Right parasternal short-axis view at the level of the papillary muscles in M-mode in a normal 
cat (A) and in a cat with severe systolic dysfunction (B). Image courtesy of Dr. Sandra Regada. 

The left ventricular end-diastolic (LVd) and end-systolic (LVs) internal diameters are measured 

in a RPSA view at the level of the papillary muscles in M-mode, from leading edge to leading 

edge (Figure 15).  

A B 
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Figure 15 - Measurement of the left ventricular diameter in end-diastole (1) and in end-systole (2) in M-
mode. RVW – Right ventricular wall; RV – Right ventricle; IVS – Interventricular septum; LV – Left 
ventricle; LVW – Left ventricular wall; P – Pericardium; ECG – Electrocardiogram. Adapted from Boon 
(2011). 

The FS is calculated by the ultrasound machine, obtaining a percentage that reflects the 

difference between the diastole and the systole in left ventricular size (Figure 16) (Madron, 

2016). This technique is also widely used in LA systolic function assessment in a transversal 

or longitudinal view using the maximal and minimal atrial diameters (Linney et al., 2014). 

 

2.6.7.4.1. Ejection Fraction 

The EF provides a more accurate view of the LV systolic function because it accounts for radial 

and longitudinal dimension changes (Madron, 2016).  

The Teicholz equation assumes that the LV is a perfect ellipse and using M-mode 

measurement values calculates the ventricle’s volume (Boon, 2011). Another technique to 

obtain the ventricular volume is the Simpson method (Boon, 2011; Madron, 2016). Using 

measurements from the LV diastolic and systolic chamber delineations from an apical 4-

Figure 16 - Fractional Shortening Equation. Adapted from Madron (2016). 
FS – Fractional shortening; LVd – Left ventricular diameter in diastole; LVs – Left ventricular diameter in systole.  
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chambers view, the ultrasound machine divides these areas into similar disks. The left 

ventricular volume is estimated to be the sum of the volume of each disk (Madron, 2016).  

EF is calculated through the equation shown in Figure 17. 

 

2.6.7.4.2. Mitral and Tricuspid Annular Plane Systolic Excursion 

To assess the longitudinal systolic function, the mitral annular plane systolic excursion 

(MAPSE) and the tricuspid annular plane systolic excursion (TAPSE) can be measured by a 

technician with minimal echocardiographic training in M-mode from the left parasternal apical 

4-chamber view (Figure 18) (Spalla et al., 2017).  

While contracting, the heart’s base displaces towards the apex. Therefore the longitudinal 

shortening of the LV is of vital importance in cardiac systole (Spalla et al., 2017). For this 

reason, MAPSE and TAPSE are useful tools in human HCM patients and have the potential 

of becoming markers of systolic long-axis function in cats with HCM (Smiseth et al., 2016; 

Spalla et al., 2017). A recent study reported that cats with HCM have lower MAPSE and 

TAPSE values when compared with healthy controls (Spalla et al., 2017). Furthermore, cats 

with CHF have lower MAPSE and TAPSE values than asymptomatic cats, which equals the 

facts reported in human medicine (Smiseth et al., 2016; Spalla et al., 2017). 

Although the decrease in the TAPSE value in a cat with left-sided heart disease is still unclear, 

this parameter appears altered in cats with HCM (Spalla et al., 2017). It is thought that these 

patients might have joint right-sided heart disease (identified in half the cats with heart disease) 

(Atkins et al., 1992; Schober et al., 2016). It has also been proposed that left-sided heart 

disease might cause dysfunction of the right ventricle (RV) through the development of 

pulmonary hypertension, or other mechanisms (López-Candales et al., 2006; Schwarz et al., 

2013). Other hypotheses are the reduction of RV compliance caused by ventricular 

interdependence (López-Candales et al., 2006; Finocchiaro et al., 2014) or alterations in 

coronary perfusion (Spalla et al., 2017). 

Figure 17 - Ejection Fraction Equation. Adapted from Madron, 2016. 
EF – Ejection fraction; LV – Left ventricle. 
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Figure 18 - Technique to acquire and measure MAPSE IVS by M-mode in a 4-chamber left apical view. 
Adapted from Spalla et al. (2017). 

2.6.7.4.3. Tissue Doppler Imaging 

As referred, longitudinal systolic function is an important component to overall cardiac output, 

and changes in longitudinal systolic function occur before radial alterations (Madron, 2016). 

With advances in TDI, it is possible to detect systolic impairment earlier in cardiac patients 

(O’Grady et al., 1986).  In PW TDI pattern, when there is systolic impairment, the Sm wave 

velocity is decreased (Côté et al., 2011c). However, not every echocardiography machine is 

equipped with TDI. 

2.7. Prognostic Indicators 

Correct prognostic information is critical in veterinary medicine (Rush et al., 2002) and has 

been documented as the most essential factor in the owners’ decision to euthanize their 

companion animal (Mallery et al., 1999). 

Survival times for cats with HCM have changed since 1992 (Table 3) possibly because of 

progress in diagnostic techniques, treatment options and euthanasia recommendations (Rush 

et al., 2002; Payne et al., 2013). Prognostic indicators are the gold standard for deciding 

management options (Fox and Schober, 2015). 
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Table 3 - Median survival times of cats with hypertrophic cardiomyopathy surviving the first 24 hours 
after initial examination in various studies. 

Study 
MST (days) 

Entire Population 

MST (days) 

Asymptomatic 

MST (days) 

CHF 

MST (days) 

ATE 

Atkins et al., 1992 732 > 1830 92 61 

Rush et al., 2002 709 1129 563 184 

Ferasin et al., 2003 596 - - - 

Payne et al., 2010 1276 > 3617 194 - 

Payne et al., 2013 2755 - - - 

MST: Median Survival Time; CHF: Congestive Heart Failure; ATE: Arterial Thromboembolism. 

Many clinical features have been suggested as important prognostic indicators in cats with 

HCM (Ferasin, 2009b). 

As far as breeds are concerned, Ragdolls (Payne et al., 2010) and Maine coons (Trehiou-

Sechi et al., 2012) are thought to have significantly shorter survival times. However, there are 

studies that show no statistical difference in survival times of nonpedigree compared to 

pedigree cats (Atkins et al., 1992; Rush et al., 2002; Payne et al., 2013). 

Various studies report that older age at diagnosis is associated with a negative prognosis 

(Rush et al., 2002; Payne et al., 2010; Payne et al., 2013; Schober et al., 2013). 

Another essential point for determining prognosis is the patient’s clinical status (Atkins et al., 

1992; Rush et al., 2002; Payne et al., 2010; Trehiou-Sechi et al., 2012). Many cats with HCM 

may remain without clinical signs (subclinical) for an extended period (Atkins et al., 1992) and 

this group of patients has consistently been reported to have more extended survival times 

(Atkins et al., 1992; Rush et al., 2002; Payne et al., 2010; Trehiou-Sechi et al., 2012; Payne et 

al., 2013; Spalla et al., 2015). However, for some cats, sudden death is the first clinical 

manifestation of HCM (Kittleson et al., 1999).  

During the physical examination, HCM patients can present a gallop sound or an arrhythmia, 

which are related with worse prognosis because they associate with severe disease (Rush et 

al., 2002; Payne et al., 2010). Contrarily to this, the presence of a murmur is often derivable 

from the presence of SAM and these are associated with better survival times (Payne et al., 

2013; Spalla et al., 2015), probably because they favour early diagnosis in asymptomatic cats 

(Spalla et al., 2015). In 1992, tachycardia (heart rate > 200 bpm) has also been reported as 

an indicator for shorter survival times (Atkins et al., 1992), and although in theory sustained 

tachycardia should worsen the diastolic function of the heart (Tilley and Weitz, 1977; Rush, 
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1999), several authors have reported that it is not associated with worse survival times (Rush 

et al., 2002; Payne et al., 2010; Payne et al., 2013). 

Other clinical manifestations include syncope, CHF, and ATE. Whereas in one study syncope, 

CHF and ATE had similar survival times (Rush et al., 2002), Payne et al. (2013) reported that 

cats manifesting syncope did not have worse survival times than asymptomatic cats. 

Regularly, cats with HCM present with clinical signs due to CHF including open-mouth 

breathing and dyspnoea (Payne et al., 2010). It is reported that cats with CHF or ATE have 

shorter survival times (Rush et al., 2002; Payne et al., 2013; Spalla et al., 2015). ATE is 

reported as the most common cause of death or euthanasia in cats with HCM (Rush et al., 

2002).  

Echocardiographic parameters are also undoubtedly very significant for establishing prognosis 

in a cardiac patient. Myocardial LVH is prone to worsen diastolic function, which could favour 

the onset of clinical signs (Spalla et al., 2015). The type and severity of LVH have been studied 

as a prognostic indicator by many authors (Peterson et al., 1993; Fox et al., 1995; Rush et al., 

2002; Payne et al., 2013). In 1993 (Peterson et al., 1993) the interventricular septal 

hypertrophy, and in 1995 (Fox et al., 1995) the overall LVH (Figure 19), have been associated 

with worse survival times. Rush et al. (2002) didn’t find any association between LVH and the 

survival time. The presence of extreme hypertrophy (≥ 9.0 mm) has been studied for the first 

time in 2013 and was associated with cardiac mortality (Payne et al., 2013). Spalla et al. (2015) 

reported that the localization and severity of hypertrophy affect survival in cats with HCM. They 

found that cats with asymmetrical IVS hypertrophy have better survival times than cats with 

symmetrical LVH and cats with asymmetrical LVFW hypertrophy. 

 

Figure 19 - Symmetrical left ventricular hypertrophy with left atrial enlargement in a right parasternal 
long-axis four-chamber view. Image courtesy of Dr. Sandra Regada. 
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Regional hypokinesis of the LVFW is thought to be associated with myocardial infarction and 

has been associated with worse survival times (Payne et al., 2013). 

LAE has been considered a poor prognostic factor in several studies (Atkins et al., 1992; 

Peterson et al., 1993; Rush et al., 2002; Ferasin et al., 2003; Payne et al., 2010; Payne et al., 

2013; Spalla et al., 2015; Spalla et al., 2017). LAE is a result of decreased left ventricular 

compliance achieved by a long-standing disease, often progressing to CHF and causing the 

onset of clinical signs (Rush et al., 2002; Spalla et al., 2015). It is also related to a 

hypercoagulable state and the development of ATE (Rush et al., 2002; Payne et al., 2010; 

Payne et al., 2013; Spalla et al., 2015). These are strong reasons for the connection between 

LAE and poor prognosis (Payne et al., 2010).  

LA systolic impairment (Figure 20) has also been reported as a poor prognostic indicator 

(Payne et al., 2013) and cats with CHF demonstrated a worse LA function than healthy cats 

(Johns et al., 2012). Atrial dysfunction has been suggested to be a key factor for the 

development of CHF (Linney et al., 2014). Since cats which develop pleural effusion seem to 

have worst LA function than cats with pulmonary edema, pleural effusion is associated with a 

poorer prognosis and the assessment of effusion risk can help deciding between management 

options (Johns et al., 2012). 

 

Figure 20 – Normal left atrial size and function (A) and left atrial severe dilation and systolic dysfunction 
(B) in a right parasternal short-axis view at the level of the aortic valve in M-mode echocardiography. 
Image courtesy of Dr. Sandra Regada. 

In human patients with HCM, diastolic function parameters are used as a prognostication tool 

(Wang et al., 2005; Okura et al., 2006). In human medicine, a restrictive filling pattern is related 

to exercise intolerance, development of CHF and sudden death (Kubo et al., 2007; Biagini et 

al., 2009). In veterinary medicine, due to the retrospective nature of the studies, there have 

A B 
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been no conclusive results on these parameters because of a lack of cats with Doppler studies 

(Rush et al., 2002; Payne et al., 2013). 

Although systolic dysfunction (EF < 50%) in humans is considered to determine end-stage 

HCM and is associated with a bad prognostic (Harris et al., 2006), systolic dysfunction has not 

been broadly evaluated as a prognostic factor in cats with HCM. In one study, a low FS (FS ≤ 

30%) was reported as a significant prognostic indicator associated with decreased survival 

times (Payne et al., 2013). 

Since in human medicine it is proven that the longitudinal contraction is responsible for 60% 

of the total cardiac stroke volume (Carlsson et al., 2007) it would be reasonable to evaluate 

such parameters in cats. A recent study on the measurement of MAPSE and TAPSE in cats 

with cardiomyopathies suggests that these parameters can prove useful to acquire prognostic 

information in these patients because cats with lower values of MAPSE and TAPSE were more 

likely to die (Table 4) (Spalla et al., 2017).  

Table 4 - Comparison of values between healthy, asymptomatic and symptomatic cats with HCM, and 
median survival times. Adapted from Spalla et al. (2017). 

Variables Normal 
Asymptomatic 

HCM 

HCM  

with CHF 

Median Survival Times 

Tertiles (mm) Days 

TAPSE 

(mm) 
8,6 (7,4-10,2) 7,2 (6,3-8,2) 4,6 (4,1-5,4) 

<5,3 

5,3-7,2 

>7,2 

500  

>1086 

>2884 

MAPSE IVS 

(mm) 
5,2 (4,6-5,6) 4,7 (4,1-5,2) 2,6 (2,5-3,2) 

<3,3  

3,3-4,7 

>4,7 

580 

>1865 

>2884 

MAPSE FW 

(mm) 
5,9 (5,3-6,2) 4,7 (4,1-5,1) 2,8 (2,4-3,2) 

<3,3 

3,3-4,8 

>4,8 

255 

>1748 

>2884 

HCM – Hypertrophic cardiomyopathy; TAPSE – Tricuspid annular plane systolic excursion; MAPSE – Mitral 
annular plane systolic excursion; IVS – Interventricular septum; FW – Free wall. 

Regarding blood analysis parameters, the RDW has been related with prognosis in several 

human diseases with an increase in RDW values associated with decreased survival times 

(Hampole et al., 2009; Allen et al., 2010; Jo et al., 2013). Inflammatory stress, impaired iron 

metabolism, nutritional deficiencies, and inadequate production of erythropoietin seem to 

cause alterations on the RDW values of these patients (Forhecz et al., 2009; Allen et al., 2010; 

Montagnana et al., 2012). In one study on cats with HCM, the RDW value correlates with the 

patients’ outcomes. Cats with HCM presenting with higher values of RDW also had a higher 



37 
 

risk of death. Although the RDW was not significantly different between healthy cats and cats 

with HCM without CHF, it was significant between these two groups and cats with HCM and 

CHF (Stanzani et al., 2015). 

Overall, establishing prognosis for cats with HCM is very challenging because there are very 

variable outcomes (Payne et al., 2013). Nevertheless, treatment selection relies on prognostic 

factors (Fox and Schober, 2015). Reevaluation at regular intervals is recommended, and 

medication ajustments are usually made within the first month after diagnosis, for cats with 

CHF (Rush et al., 2002). 

2.8. Management 

In feline veterinary cardiology, therapeutic options are based on expert consensus, but 

treatment recommendations are frequently based on non-consensus opinions (Fox and 

Schober, 2015). There is a lack of studies providing guidelines for treatment of HCM in cats 

(Gordon and Cotê, 2015). Therefore, the recommendation to treat and the drug selection 

frequently rely on factors associated with cardiac morbidity and mortality (Fox and Schober, 

2015). 

Pharmacotherapeutic treatment should be used in asymptomatic and symptomatic cats, 

considering the presence of risk markers (Fox and Schober, 2015; Gordon and Côté, 2015). 

The medical therapies routinely used in the treatment of cats with HCM are listed in Appendix 

I. 

Some non-pharmacotherapeutic options are fundamental in the management of symptomatic 

cats. In acute CHF oxygen supplementation, stress reduction (Côté, 2017), pleurocentesis 

(Figure 21) in case of pleural effusion (Gordon and Côté, 2015) are essential. In chronic CHF 

dietary sodium restriction can help managing edema with lower diuretic dosages (Côté, 2017).  

 

Figure 21 - Pleurocentesis of a cat with respiratory stress caused by pleural effusion. Image courtesy 
of Dr. Sandra Regada. 
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Chapter 3 - Retrospective Study 

3.1. Objective 

The objective of this study was to assess the characteristics and survival of a population of 33 

cats diagnosed with HCM and to determine which parameters have significant prognostic value 

in this disease.  

The parameters which were evaluated were the symptomatic status at presentation, 

auscultatory abnormalities (murmur and gallop sounds), the presence of an arrhythmia, the 

LVH in M-mode and B-mode, the left ventricular hypokinesis, the atrial size and systolic 

function, the SAM of the MV, the hypercoagulable state, the diastolic function, the FS and EF 

of the LV, and MAPSE and TAPSE values. 

The results obtained in the study were compared with the literature review for better 

understanding of the prognostic value of each parameter. 

3.2. Materials and Methods 

The clinical archive of Centro Hospitalar Veterinário (CHV) was reviewed for cats diagnosed 

with HCM between January 2016 and June 2018. 

Data collected from the medical records included: age at diagnosis, weight, gender, breed, 

auscultatory abnormalities, symptomatic status at diagnosis, date of diagnosis and results of 

RDW and cardiovascular examinations. The systolic arterial pressure values were available 

for all the cats that entered the study. The serum total T4 concentrations were available when 

it was clinically necessary (in cats older than 7 years old or with clinical signs of 

hyperthyroidism (Pittari et al., 2009)). Cats with systemic hypertension (blood pressure ≥ 160 

mmHg on serial repeated measurements (Taylor et al., 2017)) or hyperthyroidism were 

excluded from the study.  

Auscultation was considered abnormal when a murmur, a gallop sound or an arrhythmia were 

present. The presence and type of arrhythmias were assessed in some cats from ECG 

recordings (6-lead, Holter, or both). Arrhythmias present in this study include atrial fibrillation, 

VPCs, and right bundle branch block. 
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Clinical signs included respiratory signs (dyspnoea/tachypnoea), signs of ATE (hindlimbs 

paresis or paralysis) or both. Cats were considered asymptomatic when no clinical signs were 

present at diagnosis, and were considered symptomatic when CHF was present at diagnosis. 

Some symptomatic cats also presented with ATE. 

The RDW value has also been registered when a hemogram was available.  

All echocardiographic measurements were obtained without sedation, with the cats positioned 

in a cut-out echocardiography table, in both right and left lateral recumbency. All 

echocardiographic exams were performed by the same operator, using a LOGIQ e (GE 

medical systems) ultrasound machine with a 2.5-7 MHz bandwidth range, wide-band phased 

array, 6S-RS transducer. Echocardiographic measurements were obtained in M mode, B 

mode and Doppler. 

LVH was defined depending on the cat’s body weight (Häggström et al., 2016) (Appendix II). 

The left ventricular thickness was measured using B-mode, in a RPSA view at the level of the 

papillary muscles, and in a RPLA four chamber view at the end of diastole. LV thickness of 

both the IVS and the LVFW were also measured in M-mode in a RPSA view at the level of the 

papillary muscles from leading edge to leading edge. M-mode images were used to calculate 

the LV-FS%. The presence of left ventricular hypokinesis was recorded based on subjective 

evaluation of B-mode images and is defined as a region with minimal excursion or moving 

asynchronously with the rest of the ventricle (Payne et al., 2013). 

The assessment of the left atrial size was made using the LA:Ao ratio (comparing the diameter 

of the LA with the aortic root diameter), obtained in B-mode echocardiography, in a RPSA view 

in early diastole at the first frame after aortic valve closure. Cats with an LA:Ao ratio lower than 

1.5 were considered normal, cats with values between 1.5 and 1.79 were considered to have 

mild LAE, cats with values between 1.8 and 1.99 were considered to have moderate LAE, and 

cats with an LA:Ao ratio ≥ 2.0 were identified as having severe LAE (Côté et al., 2011c). LA 

systolic function was evaluated by M-mode calculating the LA-FS% based on minimum and 

maximum LA diameter in a short-axis view at the level of the LA and aortic valve (Abbot and 

MacLean, 2006). 

SAM of the MV was identified on B-mode in a RPLA view, by identifying abnormal motion of 

the anterior septal leaflet into the LVOT, played at slow speed. Dynamic blood flow obstruction 

caused by SAM was confirmed with colour flow Doppler by observing LVOT turbulence and 

flow acceleration with mitral regurgitation (Schober and Todd, 2010; Côté et al., 2011c) and 

evaluating the LVOT maximal velocity with continuous spectral Doppler in a left parasternal 5-

chamber apical view. 
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Hypercoagulable state was registered when spontaneous echocardiographic contrast (“smoke 

effect”) or the direct visualization of intracardiac thrombi in the LA or left auricle was observed. 

The transmitral flow patterns were assessed measuring the E:A ratio. Cats with an E:A ratio < 

1 were classified as having a delayed relaxation pattern, an E:A ratio between 1 and 2 was 

considered either a normal or pseudonormal pattern and an E:A ratio > 2 was considered a 

restrictive filling pattern (Schober and Maerz, 2006). The normal and pseudonormal patterns 

were differentiated by assessing the presence of CHF and LA enlargement (LAE). If LAE was 

present or the cat had CHF at diagnosis the pattern was considered pseudonormal (Payne et 

al., 2013). 

The left ventricular systolic function was evaluated by calculating LV-FS% and LV-EF% with 

M-mode images using the Teicholz method and the systolic longitudinal function was assessed 

measuring the MAPSE (IVS and LVFW) and TAPSE values in a left parasternal apical 4-

chamber view.  

Survival times (ST) were obtained by reviewing CHV’s medical records and contacting 

referring practices, and were calculated from the day of diagnosis at CHV. Similarly to what 

other authors did in another study on the same topic (Payne et al., 2010), for all cats still alive, 

survival data were calculated up to June 30th, 2018. 

3.2.1. Statistical Analysis 

Statistical analysis was performed using the computerised statistics software IBM SPSS 

statistics for Windows, version 22 (IBM Corp., 2013). 

To characterize the variables under study, absolute and relative frequencies (qualitative 

variables) and mean and standard deviation (quantitative variables) were used. 

The Student's t-test for independent samples was used to evaluate the significance of 

differences in survival time between two independent groups (age≤6 vs. age> 6, asymptomatic 

vs. CHF, no SAM vs. SAM and LA:Ao ≤ 1.5 vs. LA:Ao > 1.5). 

Cox Regression models were used to identify factors influencing survival time. Due to the small 

size of the sample, only univariable models were performed - models with an independent 

variable. In these models, the survival time was modeled, in days, and the state variable was 

survival: 0 = survived, 1 = died. The type of influence of the independent variables on the 

survival time was evaluated through the estimation of the Hazard Ratios (HR) and the 

respective Confidence Intervals to 95%. Kaplan-Meier curves were also obtained.  
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A significance level of 5% was considered for deciding which factors influence survival time, 

that is, the coefficients of the regression models were considered statistically significant in 

cases where the associated significance values were less than 0.05 (p <0.05). 

3.3. Results 

3.3.1. Descriptive Statistical Analysis 

There were 33 cats diagnosed with HCM in this study. At initial presentation (Table 5), the 

mean age of the population was 7.4 (± 5.1) years, and the mean body weight was 3.95 (± 1.2) 

kg. There were 12 females and 21 males. The most common breed in this study was the 

domestic shorthair (n=15). The most common pedigree breed was Persian (n=12). All other 

pedigree breeds (American shorthair, British shorthair, Cornix Rex, Scottish Fold, Scottish 

Straight and Siamese) were represented by one animal each (n=1).  

 

Table 5 - Population characteristics. 

Variables n (%) or Mn (SD) 

Gender (n=33) 
Female 12 (36.4%) 

Male 21 (63.6%) 

Age (years) (n=33)  7.4 (5.1) 

Weight (kg) (n=33)  3.95 (1.21) 

Breed (n=33) 

Domestic Shorthair 15 (45.5%) 

Persian 12 (36.4%) 

American Shorthair 1 (3.0%) 

British Shorthair 1 (3.0%) 

Cornix Rex 1 (3.0%) 

Scottish Fold 1 (3.0%) 

Scottish Straight 1 (3.0%) 

Siamese 1 (3.0%) 

Non-pedigree 15 (45.5%) 

Pedigree 18 (54.5%) 

Kg – kilograms; Mn – mean; SD – standard deviation. 
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Abnormalities in auscultation (murmur, gallop or arrhythmia) are shown in Table 6. One cat 

that had a murmur sound was also diagnosed with an arrhythmia. 33.3% of the cats presented 

with a murmur, 3% with gallop sound and 12.1% with an arrhythmia. A 100% of the cats 

diagnosed with OHCM had an abnormal auscultation (murmur). 

Table 6 - Auscultatory abnormalities. 

Variables  n (%) 

Murmur (n=33) 
No 22 (66.7%) 

Yes 11 (33.3%) 

Gallop (n=33) 
No 32 (97.0%) 

Yes 1 (3.0%) 

Arrhythmia (n=33) 
No 29 (87.9%) 

Yes 4 (12.1%) 

 

The type of arrhythmia was diagnosed using ECG. There were three different types of 

arrhythmia diagnosed (Table 7). One cat was submitted to a Holter examination and was 

diagnosed with a right bundle branch block and VPCs. 

Table 7 - Types of arrhythmia. 

Variables  n (%) 

Atrial fibrillation (n=33) 
No 32 (97.0%) 

Yes 1 (3.0%) 

Right bundle branch block (n=33) 
No 32 (97.0%) 

Yes 1 (3.0%) 

Ventricular premature complex (n=33) 
No 31 (93.9%) 

Yes 2 (6.1%) 

 

More than half of the cats were asymptomatic at presentation, and 39.4% of the cats presented 

with clinical signs (Table 8). Clinical signs included dyspnoea and hindlimb paresis (Table 9). 

Table 8 - Clinical status at presentation. 

Variables n (%) 

Asymptomatic (n=33) 20 (60.6%) 

CHF (n=33) 13 (39.4%) 

CHF – Congestive heart failure. 
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Table 9 - Clinical signs at presentation. 

Variables  n (%) 

Dyspnoea (n=33) 
No 20 (60.6%) 

Yes 13 (39.4%) 

Hindlimb paresis (n=33) 
No 30 (90.9%) 

Yes 3 (9.1%) 

 

The presence or absence of pulmonary oedema and/or pleural effusion in dyspnoeic cats was 

confirmed by either radiography or ultrasonography (Table 10).  

Table 10 - Imageology results. 

Variables  n (%) 

Pulmonary oedema (n=33) 
No 22 (66.7%) 

Yes 11 (33.3%) 

Pleural effusion (n=33) 
No 31 (93.9%) 

Yes 2 (6.1%) 

 

The values for the RDW parameter were all within the reference interval set on the Auto 

Hematologic Analyzer Mindray BC-2800 Vet (14-18%). 

Table 11 - RDW values. 

Variable  Mn (SD) 

RDW (n=10)  15.51 (1.70) 

RDW – Red cell distribution width; Mn – Mean; SD – Standard deviation. 

All echocardiographic parameters were measured by the same operator and are shown in 

Table 12.  The mean value for IVS measurements in diastole on B-mode echocardiography 

were 0.71 (±0.12) in a RPLA view and 0.66 (±0.12) in a RPSA view, and in M-mode 

echocardiography it was 0.62 (±0.18). Regarding the LVFW in diastole, the mean values in B 

mode echocardiography were 0.61 (±0.14) in a RPLA view, 0.58 (±0.16) in an RPSA view and 

0.62 (±0.20) in M-mode echocardiography. Left ventricular hypokinesis was present in 4 

(12.1%) cats. SAM was identified in 11 (33.3%) cats. In this population, 5 (15.2%) cats were 

in a hypercoagulable state (presence of SEC/thrombi).  

The mean value for LA:Ao was 1.75 (±0.60) and the LA-FS% was 33.37 (±13.77). Regarding 

diastolic parameters, 8 (24.2%) cats in this population had a normal diastolic filling pattern, 13 

(39.4%) had a delayed diastolic pattern, 4 (12.1%) cats had a pseudonormal pattern and 8 

(24.2%) cats had a restrictive filling pattern. The E:A ratio’s mean value was 1.42 (±0.82). 
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In respect of the left ventricular systolic function, the LV-EF% had a mean value of 86.52 

(±9.07) and the LV-FS% had a mean value of 53.39 (±12.62). The MAPSE mean values were 

0.40 (±0.17) for the IVS and 0.47 (±0.11) for the LVFW. TAPSE mean value for this population 

of cats was 0.71 (±0.15). 

Table 12 - Echocardiographic parameters. 

Variables  n (%) or Mn (SD) 

IVSd (B mode RPLA, cm) (n=33)  0.71 (0.12) 

LVFWd (B mode RPLA, cm) (n=33)  0.61 (0.14) 

IVSd (B mode RPSA), cm) (n=33)  0.66 (0.12) 

LVFWd (B mode RPSA), cm) (n=33)  0.58 (0.16) 

IVSd (M mode, cm) (n=33)  0.62 (0.18) 

LVFWd (M mode, cm) (n=33)  0.62 (0.20) 

LV hypokinesis (n=33) No 29 (87.9%) 

 Yes 4 (12.1%) 

SAM (n=33) No 22 (66.7%) 

11 (33.3%) Yes 

LA:Ao (n=33)  1.75 (0.60) 

LA-FS (%) (n=33)  33.37 (13.77) 

SEC/Thrombi (n=33) No 28 (84.8%) 

 Yes 5 (15.2%) 

E:A (n=33) 
 

1.42 (0.82) 

Diastolic Pattern (n=33) Delayed 13 (39.4%) 

 Normal 8 (24.2%) 

 Pseudonormal 4 (12.1%) 

 Restrictive 8 (24.2%) 

LV-EF (%) (n=33)  86.52 (9.07) 

LV-FS (%) (n=33)  53.39 (12.62) 

MAPSE IVS (mm) (n = 16)  0.40 (0.17) 

MAPSE LVFW (mm) (n = 16)  0.47 (0.11) 

TAPSE (mm) (n = 16)  0.71 (0.15) 

Mn – Mean; SD – Standard deviation; IVSd – Interventricular septum in diastole; LVFWd – Left 
ventricular free wall in diastole; RPLA – Right parasternal long-axis view; RPSA – Right parasternal 
shortaxis view; B – bidimensional; M – Motion; LV – Left ventricle; SAM – Systolic anterior motion; 
LA:Ao – ratio between the left atrium and the aorta diameters; LA-FS% - Left atrium fractional 
shortening; SEC – Spontaneous echocardiographic contrast; E:A - peak early mitral inflow to mitral 
inflow during atrial systole ratio ; LV-EF% - Left ventricle ejection fraction; LV-FS% - Left ventricle 
fractional shortening; MAPSE – Mitral annular plain systolic excursion; TAPSE – Tricuspid annular plain 
systolic excursion; IVS – Interventricular septum; LVFW – Left ventricular free wall. 
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3.3.2. Inferential Statistical Analysis  

The mean survival time on this study was 463.9 (±259.2) days and the median survival time 

was 463.0 days. During the period of the development of this study, 7 out of 33 cats have died. 

The results of the differences in survival times comparing two independent groups (age≤6 vs. 

age>6, asymptomatic vs. CHF, no SAM vs. SAM and LA:Ao ≤ 1.5 vs. LA:Ao > 1.5) are shown 

in Table 13. Cats with CHF have a statistically significant difference in survival when compared 

with asymptomatic cats. Asymptomatic cats have longer survival times than symptomatic cats. 

Table 13 - Differences in survival time between two independent groups using Student’s t-test. 

Variable Yes No p value 

Age > 6 years >490.7 (264.0) >438.6 (260.0) 0.572 

CHF >339.3 (296.7) >544.8 (200.1) 0.024 

SAM >520.0 (232.3) >435.8 (272.4) 0.387 

LA:Ao >1.5 >411.2 (309.5) >519.8 (186.2) 0.235 

CHF – congestive heart failure; SAM – systolic anterior motion; LA:Ao – Left atrial diameter to aortic diameter. 

 

Kaplan-Meyer survival curves were obtained for categorical variables (breed, symptomatic 

status, murmur, hypokinesis, SAM, SEC/Thrombi). 

 

 

Figure 22 - Kaplan-Meyer survival curve - breed - non-pedigree and pedigree. 
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Figure 23 - Kaplan-Meier survival curve - symptomatic status - asymptomatic and symptomatic (CHF). 

 

Figure 24 - Kaplan-Meyer survival curve - murmur. 

 

Figure 25 - Kaplan-Meyer survival curve - hypokinesis. 
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Figure 26 - Kaplan-Meyer survival curve - SAM. 

 

Figure 27 - Kaplan-Meyer survival curve - spontaneous echocardiographic contrast (SEC) or thrombi. 

 

In the univariable analysis, factors associated with decreased survival times (and therefore 

increased risk of cardiac death) included the presence of clinical signs at presentation 

(p=0.022), LAE (p=0.013), atrial systolic dysfunction (0.027), ventricular general systolic 

dysfunction evaluated by the LV-EF% (0,007) and by the LV-FS% (p=0,010) and the 

ventricular longitudinal systolic dysfunction evaluated by the MAPSE IVS (p=0.022), MAPSE 

LVFW (p=0.034) and TAPSE (p=0.020). The hypercoagulable state (p=0.059) and hypokinesis 

of the LV (0.060) were near statistical significance. Results are shown in Table 14. 

Factors not significantly associated with survival consisted of the cats’ age and breed, and the 

presence of a murmur and SAM of the MV. 
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Table 14 - Univariable Cox regression models for studying which factors have influence in survival times. 

Independent variables Hazard Ratio (CI 95%) p 

Age  

0.651 (per year of life) 0.96 (0.82 - 1.13) 

Breed  

0.668 

Non-pedigree REFERENCE 

Pedigree 0.70 (0.14 - 3.51) 

Murmur  

0.237 

No REFERENCE 

Yes 0.28 (0.03 - 2.32) 

Symptomatic state  

0.022 
Asymptomatic REFERENCE 

CHF 12.04 (1.42 - 101.74) 

Left ventricular hypertrophy    

B-mode (for a unit change of 1cm) 2.19 (0.02 - 213.16) 0.737 

M-mode (for a unit change of 1mm) 1.46 (1.06 – 2.01) 0,022 

Hypokinesis  

0.060 
No REFERENCE 

Yes 4.57 (0.94 - 22.36) 

SAM  

0.237 

No REFERENCE 

Yes 0.28 (0.03 - 2.32) 

LA:Ao  

0.013 
Scale of 1=normal a 4=severe  
(for a unit change of 1) 

2.52 (1.21 - 5.26) 

LA-FS %  
0.027 (for a unit change of 1%)  1.10 (1.01 – 1.19) 

SEC/Thrombi  

0.059 
No REFERENCE 

Yes 4.66 (0.94 - 23.06) 

E:A 
(for a unit change of 1) 

1.50 (0.69 – 3.27) 0.310 

LV-EF %  
0.007 (for a unit change of 1%)  1.11 (1.03 – 1.20) 

LV-FS %  
0.010 (for a unit change of 1%)  1.12 (1.03 – 1.23) 

MAPSE IVS  
0.022 (for a unit change of 0.1 mm) 3.24 (1.18 – 8.91) 

MAPSE LVFW  
0.034 (for a unit change of 0.1mm) 3.63 (1.10 – 11.92) 

TAPSE  
0.020 (for a unit change of 0.1mm) 2.24 (1.14 – 4.40) 

CI – Confidence interval; CHF – Congestive heart failure; B – bidimensional; M – Motion; SAM – Systolic 
anterior motion; LA:Ao – ratio between the left atrium and the aorta diameters; LA-FS% - Left atrium 
fractional shortening; SEC – Spontaneous echocardiographic contrast; E:A - peak early mitral inflow to 
mitral inflow during atrial systole ratio ; LV-EF% - Left ventricle ejection fraction; LV-FS% - Left ventricle 
fractional shortening; MAPSE – Mitral annular plain systolic excursion; TAPSE – Tricuspid annular plain 
systolic excursion; IVS – Interventricular septum; LVFW – Left ventricular free wall. 
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3.4. Discussion 

HCM is one of the most common cardiac diseases in cats and there is still a lot that we do not 

know. Its treatment is intimately correlated with the assessment of prognostic indicators. 

Therefore, establishing prognostic indicators for cats with HCM is of great importance. There 

are new studies (Häggström et al., 2016; Spalla et al., 2017) with ground-breaking and 

revolutionary information on echocardiographic parameters and measurements, that were 

included in this study, and should be included in further studies for better understanding HCM 

in cats. 

The median survival time in this study was 463.0 days. This result was similar to one previous 

study’s median survival time (596 days) (Ferasin et al., 2003), but shorter than most 

retrospective studies that report median survival times in cats with HCM (709-2153 days) 

(Atkins et al., 1992; Rush et al., 2002; Payne et al., 2010; Payne et al., 2013). This could reflect 

geographical differences in disease severity or genuine differences in the population. Also, 

during this study, only 7 cats died and a final date was established to all the animals that were 

still alive, similarly to what was done by Payne et al. (2010). This is an important limitation and 

may be one of the main reasons to explain why this study has a low median survival value 

when compared to previous studies. Another reason of great importance for these differences 

is the small number of animals in this study (n=33) compared to previous studies on this topic 

(61-282 cats) (Atkins et al., 1992; Rush et al., 2002; Ferasin et al., 2003; Payne et al., 2010; 

Payne et al., 2013). Survival times were compared between four groups (Table 13), but 

statistical significance was only obtained on one group. Cats with CHF have significantly lower 

survival times than asymptomatic cats (p=0.024). Only four groups were evaluated for survival 

times because it was not possible to do statistical analysis on other groups due to the small 

number of animals. 

As in previous studies (Atkins et al., 1992; Fox et al., 1995; Rush et al., 2002; Ferasin et al., 

2003; Payne et al., 2010; Trehiou-Sechi et al., 2012), males were overrepresented (63.6%). In 

this study it was not possible to obtain a valid HR for this variable, nevertheless previous 

studies do not report a difference in survival times between males and females after diagnosis 

(Atkins et al., 1992; Payne et al., 2010; Payne et al., 2013). 

Although older age at diagnosis is consistently reported as a negative prognostic indicator 

(Rush et al., 2002; Payne et al., 2010; Payne et al., 2013), in this study it was not statistically 

significant in a univariable analysis. 
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The little number of cats representing individual pedigree breeds eliminated the option of 

comparing them. Therefore, two groups were created, pedigree and non-pedigree cats, and 

were compared, as was done in another study (Payne et al., 2013). In our study this 

comparison did not show significant differences in survival between groups, as had already 

been reported (Payne et al., 2013). 

In previous studies, the presence of a murmur (often attributed to the presence of SAM) has 

been associated with longer survival times, as is the presence of SAM of the MV (Payne et al., 

2013; Spalla et al., 2015) because they favour early diagnosis in asymptomatic patients (Spalla 

et al., 2015). In this study, the results were opposite to those in previous references. This is 

probably due to the low number of animals with a murmur and SAM (n=11). The presence of 

a murmur and SAM at a univariable level analysis was not statistically significant, and therefore 

no conclusions should be achieved from these contradictory results.  

The symptomatic status at diagnosis has been described as an indicator of poor prognosis in 

previous studies (Atkins et al., 1992; Fox et al., 1995; Rush et al., 2002; Payne et al., 2010; 

Payne et al., 2013). In this study, symptomatic cats have an increased hazard of cardiac death, 

at the univariable level, 12 times greater than asymptomatic cats (HR=12.04; CI95%: 1.42-

101.74; p= 0.022). These results support the hypothesis that cats with CHF have more severe 

myocardial impairment and, therefore, don’t live as long (Spalla et al., 2015).  

Since this study has a low number of animals (n=33), it was not possible to acquire 

mathematical results for the RDW (n=10). However, in all the animals tested for this parameter, 

the values were between the reference values. For these reasons, no conclusions can be 

achieved on the influence of this parameter on survival in HCM patients, and further studies 

should assess what was already published by Stanzani et al. (2015). 

Severe myocardial hypertrophy (≥9mm) has been described as a poor prognostic indicator, 

regardless the cat’s weight (Payne et al., 2013). To the authors’ knowledge, there have been 

no studies on prognostic indicators after the new reference intervals in cats with ventricular 

hypertrophy (Häggström et al., 2016), and therefore there are no studies about the LVH 

prognostic value using different thickness values depending on the weight of the animal. 

Although the reference values used by Häggstrom et al. (2016) were reported in M-mode 

measurements, the authors in this study found it valuable to evaluate both B-mode and M-

mode measurements. The LVH did not have statistical significance as far as B-mode 

measurements were concerned. However, regarding M-mode measurements, for each 1 mm 

increase in the ventricular thickness, the hazard of cardiac death is 1.46 times greater 

(HR=1.46; CI95%:1.06-2.01; p=0.022). Considering these findings, future studies regarding 
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prognostication in cats should include this parameter to verify these results with a higher 

number of cats, as it would be valuable for cardiologists to know the prognostic value for each 

millimetre increase in LVH, instead of continuing to use a single threshold value for every 

patient, regardless of their weight. LV hypertrophy is the parameter that defines the diagnosis 

of HCM in cats, causing diastolic dysfunction (Spalla et al., 2015), hence extreme hypertrophy 

should be redefined and the results seen in this study are ground-breaking but warrant further 

investigation. 

Regional hypokinesis has been associated with very high hazard of cardiac death in a previous 

study (HR=6.45; CI95%: 3.44-12.09; p<0.001) (Payne et al., 2013). In this study, cats that had 

hypokinesis also had a superior hazard of cardiac death, 4.6 times greater than cats without 

hypokinesis (HR=4.57; CI95%:0.94-22.36; p=0.060). It is speculated that regional hypokinesis 

of the left ventricular free wall is associated with infarction (Payne et al., 2013). 

LAE has been considered a poor prognostic indicator in several previous studies (Atkins et al., 

1992; Rush et al., 2002; Ferasin et al., 2003; Payne et al., 2010; Payne et al., 2013; Spalla et 

al., 2015), and the results of this study are consistent with this information. For each unit 

increase in the scale (1 – normal to 4 – severe), the death risk increases 2.5 times (HR = 2.52; 

CI95%:1.21-5.26; p=0.013). LAE can be considered a marker of disease severity because it 

demonstrates a progressing cardiomyopathy, explains the onset of clinical signs and is 

responsible for a high risk of hypercoagulable state (Linney et al., 2013; Spalla et al., 2015). A 

hypercoagulable state has shown to reduce survival times in our study, these cats had a death 

risk 4.66 times higher than those with no evidence of SEC or thrombi (HR=4.66; CI95%: 0.94-

23.06; p=0.059). These findings are consistent with previous studies (Atkins et al., 1992; Rush 

et al., 2002; Payne et al., 2013; Spalla et al., 2015). Since a cat in a hypercoagulable state is 

likely to develop ATE, this syndrome is a marker of severe cardiovascular dysfunction (Spalla 

et al., 2015), and this could be another reason for the worse survival times in cats with LAE 

(Payne et al., 2010). 

The left atrial systolic function is reported to be decreased in cats with HCM and is likely to 

play an important role in developing CHF (Linney et al., 2013). Johns et al. (2012) reported 

that cats with CHF have worse LA function than healthy controls. In this study the left atrial 

function was assessed measuring the LA-FS%, and for each 1% decrease in LA-FS% the risk 

of cardiac death increases 10% (HR=1.10; CI95%:1.01–1.19; p=0.027), meaning that cats with 

lower LA-FS% values are more likely to die because of HCM. Payne et al. (2013) reported that 

using Cox proportional hazards analysis, models using LA-FS% showed a better fit than 

models involving measures of LA size. Additionally, there is growing evidence that LA function 
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can be modified and further studies should assess if this modification in LA function can alter 

cardiovascular outcomes in cats with cardiomyopathies (Johns et al., 2012). 

The diastolic function was also assessed by measuring the E:A ratio and classified in four 

groups: normal, delayed, pseudonormal and restrictive. In humans, a restrictive filling pattern 

is associated with a poorer prognosis (Kubo et al., 2007; Biagini et al., 2009). In cats, one study 

has evaluated the diastolic function as a prognostic indicator and has reported that 

measurements of diastolic function were important at a univariable level, but were not a 

significant predictor of outcome in a multivariable analysis (Payne et al., 2013). In our study, a 

small number of cats with the restrictive pattern disallowed further testing, and the E:A ratio 

values did not have statistical significance in survival times.  

The systolic function of the LV has not been widely studied as a prognostic indicator in cats 

with HCM. However, in human medicine an HCM patient with systolic dysfunction is considered 

to be in an advanced stage of HCM and is more likely not only to progress to CHF but also to 

die sooner (Harris et al., 2006). In a previous study on prognostication of cats with HCM, Payne 

et al. (2013) reported that cats with lower LV-FS% values had worse survival times. In the 

present study, two echocardiographic parameters (LV-FS% and LV-EF%) were used to 

evaluate left ventricular global systolic function and three parameters (MAPSE IVS, MAPSE 

LVFW and TAPSE) were used to assess ventricular longitudinal systolic function in cats with 

HCM. 

Regarding the left ventricular global systolic function, in this study cats with inferior values in 

the LV-EF% and the LV-FS% have lower probability of survival. For each 1% decrease in the 

LV-EF% (HR=1.11; CI95%:1.03-1.20; p=0.007) and LV-FS% (HR=1.12; CI95%:1.03-1.23; 

p=0.010) the survival time diminishes 11% and 12%, respectively.  

Concerning MAPSE and TAPSE, to the authors’ knowledge there is only one study in cats, 

and therefore very little is known about the prognostic utility of these parameters in this species 

(Spalla et al., 2017). In the present study lower values for MAPSE and TAPSE measurements 

translate in lower survival times. For every 0,1 mm decrease in MAPSE IVS (HR=3.24; 

CI95%:1.18-8.91; p=0.022) and MAPSE LVFW (HR=3.63; CI95%:1.10-11.92; p=0.034) 

cardiac death is 3.24 and 3.63 times more likely, respectively. For every 0.1 mm decrease in 

the TAPSE value, the results were similar, with a 2.24 times greater chance of cardiac death 

(HR=2.24; CI95%:1.14-4.40; p=0.020). These results are comparable to the ones reported by 

Spalla et al. (2017), who also did not have enough data to perform multivariable analysis on 

the topic. However, these measurements warrant further studies with a greater number of 

animals to have definitive conclusions on its prognostic value, and more studies are needed 



53 
 

to determine the influence of weight and breed on these parameters. Although other 

echocardiographic techniques allow the assessment of the longitudinal systolic function (tissue 

Doppler or speckle-tracking echocardiography), they require special equipment, advanced 

echocardiographic skills and an adequate image quality that is more difficult to achieve in this 

species. For these reasons, MAPSE and TAPSE have the potential for evaluating the 

longitudinal systolic function of the heart in a simpler way and should be included in further 

studies on feline HCM. 

3.4.1. Limitations 

There are some limitations to this study worth mentioning. The population was evaluated 

retrospectively and consequently it was not possible to obtain every parameter for all the 

animals. Cases were evaluated by different clinicians and the investigation they pursued 

depended on the financial limitations of each owner. The measurement of serum T4 

concentration was done when clinically relevant (in cats with clinical signs of hyperthyroidism 

signs or ≥ 7 years-old). Therefore, it is possible that not every cat had idiopathic HCM. The 

detection of arrhythmias was limited, as ECGs were only performed when an arrhythmia was 

suspected. A hemogram with the RDW value was available only when the clinician thought 

necessary for ruling out differential diagnosis and the low number of animals submitted to this 

exam disabled the possibility of valid results. The same limitation was verified for assessing 

the effect of diastolic patterns in survival times. Moreover, some echocardiographic 

measurements were reported in literature only since 2017, therefore, cardiac exams performed 

before this date did not include MAPSE and TAPSE measurements. The low number of 

animals in this study prevented us from performing a multivariable analysis for survival. More 

than half of the cats survived during the period of this study, and because of that their data 

were calculated up to June 30th, 2018, as was previously done by Payne et al. (2010). This is 

a major limitation that affects survival times and was caused by the short period of time for 

developing this study. 
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Chapter 4 - Conclusions 

Establishing prognosis for cats with cardiac disease is not easy because of the variable 

outcomes and manifestations that can occur. Despite all the limitations, the authors tried to 

assess the prognostic value of parameters already reported (age, breed, clinical presentation, 

left atrial size and function, left ventricular hypokinesis, systolic and diastolic function and a 

hypercoagulable state), including recent discoveries (longitudinal systolic function and LVH 

depending on the weight). This study shows a higher risk of death for cats admitted with clinical 

signs (CHF), presence of left ventricular hypokinesis, LAE, loss of LA function, 

echocardiographic signs of a hypercoagulable state, greater LV hypertrophy and compromised 

LV systolic function. Consequently, these parameters should always be registered, measured 

and monitored to provide prognostic information and selecting or adapting treatment options. 

There is a need for further studies on the prognosis of feline HCM including the most recent 

discoveries, and prospective studies on this topic are necessary to better understand 

prognostic, eliminating the limitations inherent to retrospective studies. 
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Appendix I - Pharmacologic treatment options in cats with clinical and subclinical hypertrophic cardiomyopathy. Adapted from Fox and Schober 

(2015) and Chetboul (2017). 

Class Drugs Action Indication 

ACEI* 
Enalapril 

Benazepril 
RAAS inhibition: venous and arterial vasodilatory effects 

LAE*, CHF, and myocardial 

remodeling 

Diuretics 

Furosemide 

Torasemide 
Loop diuretic CHF emergency and chronic therapy 

Spironolactone Potassium-sparing diuretic CHF refractory to standard therapy 

Inotropes Pimobendan Inodilator 
Systolic dysfunction (without OHCM), 

CHF refractory to standard therapy 

Beta-blocker* Atenolol 
Negative inotropic and chronotropic; 

antischemic; antiarrhythmic. 

LVOTO* 

Ventricular tachyarrhythmias 

Calcium channel 

blocker* 
Diltiazem 

Antiarrhythmic; 

Positive lusotropic. 
Atrial fibrillation*, ventricular/ 

supraventricular ectopy*; 

Abnormal LV relaxation* 
Potassium channel 

blocker* 
Sotalol Antiarrhythmic 

Antiplatelet* 
Aspirin 

Clopidogrel 
Inhibition effect on platelet aggregation 

LAE*, spontaneous echo contrast, 

ATE 

Sedative/Analgesic Butorphanol 
Synthetically-derived opiate Kappa agonist-Mu opioid 

antagonist 
To reduce stress in acute CHF 

* Pharmacologic therapy indicated by authors to treat feline subclinical HCM and its indication. ACEI: Angiotensin-converting enzyme inhibitor; RAAS: Renin-angiotensin-

aldosterone system; LAE: Left atrial enlargement; CHF: Congestive heart failure; OHCM: Obstructive hypertrophic cardiomyopathy; LVOTO: Left ventricular outflow tract 

obstruction; LV: Left ventricle; ATE: Arterial thromboembolism. 
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Appendix II - Reference values for left ventricular dimensions according to weight in cats (Häggström et al., 2016). 

 

 

 

 


