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Introduction
Myocardial disease is the most frequently diagnosed type of heart disease in cats. Until recently, the two most common forms of cardiomyopathy in the cat were idiopathic dilated cardiomyopathy (DCM) and hypertrophic cardiomyopathy (HCM). The discovery in 1987 that most cases of DCM in cats resulted from inadequate amount of available dietary taurine caused major changes in cat food manufacturing practices that significantly reduced the prevalence of DCM. Other, less frequently diagnosed, but also important cardiomyopathies in cats include restrictive cardiomyopathy (RCM), arrhythmogenic right ventricular cardiomyopathy (ARVC), and hypertrophic obstructive cardiomyopathy (HOCM). 

Classification
Hypertrophic Cardiomyopathy 
Hypertrophic cardiomyopathy is the most common heart disease in cats. Reportedly 15-34% of overtly healthy cats have echocardiographic evidence of left ventricular hypertrophy (increased ventricular wall thickness) attributed to HCM. HCM is caused by a primary genetic defect of the heart muscle cells, which causes the ventricle to become thick and develop excessive scar tissue (i.e. fibrosis), thus making the ventricle stiff and unable to relax normally. HCM affects all cat breeds and is inherited in Maine coon cats and Ragdoll cats as an autosomal dominant trait with incomplete penetrance (i.e. not all genetically affected cats have the same phenotypic severity). Other purebred cats that have a genetic predisposition to HCM include: British shorthair, Norwegian forest cat, Turkish van, Scottish fold, Bengal, Siberian, Sphynx, and Rex. HCM ranges in severity from mild to severe disease. Pathophysiologic sequelae to severe HCM may include diastolic congestive heart failure, arterial thromboembolism, or sudden death. Diagnosis of HCM requires an echocardiogram, which demonstrates increased left ventricular free wall and/or papillary muscle and/or interventricular septal end-diastolic wall thickness, and sometimes left atrial dilation, with normal systolic function. A frequent associated finding is dynamic left ventricular outflow tract obstruction, generally caused by systolic anterior motion of the mitral valve (SAM). The condition of hypertrophic cardiomyopathy with an obstruction is referred to as hypertrophic obstructive cardiomyopathy (HOCM) and may be intermittent or persistent. Other complications, such as myocardial infarction, may cause regional systolic dysfunction that may cause difficulties in recognizing the original phenotype as HCM. Not all cats with left ventricular hypertrophy have primary HCM and systematic evaluation of endocrine and renal health is imperative. Hyperthyroidism, systemic hypertension, acromegaly, and pseudohypertrophy due to dehydration can all increased left ventricular wall thickness. Unlike primary HCM, addressing these underlying causes and stop and even reverse left ventricular hypertrophy.  

Dilated Cardiomyopathy
The incidence of feline dilated cardiomyopathy (DCM) has decreased in recent years, thanks to the discovery of the role of taurine in the etiology of DCM, and subsequent changes in the formulation of commercial feline diets. Although cats are still sometimes seen with taurine-deficiency DCM, most cats diagnosed with DCM nowadays have normal serum taurine levels. Viral nucleic acid and histopathologic findings consistent with myocarditis were identified in a small number of cats with DCM; suggesting an infectious etiology in some cases. DCM is characterized by dilation of all four cardiac chambers, with thinning of the ventricular wall and systolic dysfunction.

Restrictive Cardiomyopathy
Restrictive cardiomyopathy (RCM) is characterized by severely impaired diastolic filling associated with increased ventricular stiffness, and relatively normal ventricular dimensions and systolic function. In the cat it is an adult-onset disorder, with an average age of diagnosis of approximately 7 years. Two main forms are recognized: an endomyocardial form, and myocardial form. The endomyocardial form is associated with severe endomyocardial scarring, which may result in obliteration of the mid to distal portion of the left ventricular cavity and may even involve the mitral valve. The presence of inflammatory infiltrates may indicate the presence of endomyocarditis. The myocardial form may demonstrate more diffuse myocardial fibrosis. In the both types, atrial dilation may be substantial. Mild left ventricular hypertrophy may be present, but not to the extent of HCM. Mild systolic dysfunction may be present, but not the extent of DCM. 

Arrhythmogenic Right Ventricular Cardiomyopathy
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) is a rare form of cardiomyopathy characterized by fibrofatty infiltration of the right ventricle, resulting in marked right heart enlargement. Affects may be asymptomatic, may be syncopal in association with arrhythmias, or may have right-sided heart failure. 

Classification Table:

	Classification
	HCM
	HOCM
	DCM
	RCM
	ARVC

	Epidemiology




	Average age ~ 6 years (6 months – geriatric). DSH , purebred cats, Maine coon and Ragdoll. 
Rule out hyperthyroidism, hypertension, acromegaly, and dehydration
	Same as HCM
	Average age ~ 9 years. DSH, Persian, Birman, Siamese, Burmese. Non-commercial diet (vegetarian)
	Average age ~ 7 years. DSH, Birman, Siamese, and Persian.
	Adult onset with no breed predisposition

	Functional Abnormality
	Diastolic dysfunction
	Diastolic dysfunction and LVOTO
	Systolic dysfunction
	Diastolic dysfunction
	Right ventricular systolic dysfunction

	Echo Features
	Left ventricular hypertrophy – focal or diffuse +/- infarction
	Left ventricular hypertrophy + Systolic anterior motion of the mitral valve
	Dilation and thinning of LV (all 4 chambers can be affected)
	Relatively normal ventricular appearance, biatrial enlargement, restrictive diastolic function
	Dilation of right ventricle and right atrium

	Histopathology 
	Myofiber disarray and fibrosis
	Same as HCM
	Attenuated wavy fibers, abnormal extracellular matrix (loss of collagen weaves and struts)
	Focal or diffuse fibrosis through endo-, subendo-, and myocardium
	Muscle atrophy with fibrofatty infiltrates




Clinical Condition 
Cardiomyopathies (CM) are a heterogenous group of myocardial disease with variable phenotypes and prognosis. Hypertrophic cardiomyopathy (HCM) is the most common heart disease in cats and is reported to affect between 15 to 34 percent of overtly healthy cats.1,2 Overall, cardiovascular disease is one of the most common causes of death in the feline population. Heart failure (HF) is the most common clinical syndrome in cats with cardiac disease and the principal cause of cardiovascular mortality in cats.3–5This global health concern has a substantial impact on the feline pet population. The prognosis for cats with HF is highly variable, with median survival times reported between 11-563 days, which limits a veterinarian’s ability to properly educate an owner about end-of-life care decisions.3,4,6,7 Risk stratification and prognosis in feline HF is based largely on echocardiographic indices.8 While echocardiography is excellent at evaluating heart size and function, it requires advanced technical expertise and is not widely available to most general practitioners. Therefore, new approaches are necessary to improve prognostication in cats with CM across all stages from preclinical (Stage B) to HF (Stages C and D).9

Current Practices
Current approaches to risk-stratifying cats with CM are largely dependent on echocardiographic indices of myocardial remodeling, particularly ones which are already suggestive of severe disease, such as severe left atrial dilation, regional left ventricular hypokinesis, and evidence of thrombus formation within the auricle of the left atrium.8,10,11 Although these findings are useful, echocardiographic studies are required, which are frequently a financial and practical obstacle for owners. Furthermore, even with echocardiographic evaluation, prognostication is still imprecise. While imaging based approaches are considered essential for the diagnosis of CM, a growing body of evidence suggests that complimentary testing including blood-based biomarkers and advanced imaging such as cardiac magnetic resonance imaging (CMR) can help improve prognostication. 

Future Directions
Cardiac biomarkers
	Several biomarkers of interest have been evaluated and successfully demonstrates prognosicti value including N-terminal B-type natriuretic peptide (NT-proBNP), and cardiac troponin I (cTnI) as well as newer biomarkers including the neutrophil-to-lymphocyte ratio (NLR) and galectin-3 (Gal-3). The NLR is an easily accessible and widely available hematological marker of inflammation and stress12–17. It also serves as a good prognostic marker and has been studied in veterinary patients with oncological and systemic inflammatory disorders. In humans, previous research has revealed a predictive value of NLR in peripheral artery disease, calcific aortic stenosis, coronary artery disease, heart failure, pulmonary hypertension, and recently HCM18–20. A higher NLR is associated with poor prognosis in most studies. In a recent study of cats, an increased NLR was associated with reduced MST in both Stage B and Stage C cats suggesting that higher NLR are associated with reduced time to cardiac-related death. Based on Cox proportional models, for each unit increase in NLR, there was an 11% increased risk of cardiac death in cats with Stage B and Stage C HCM. A NLR > 4.46 was associated with a 95% specificity at predicting cardiac death.21
	Galectin-3 is a beta-galactoside binding lectin secreted by macrophages and is believed to play a role in the continued pathogenesis of HCM by promoting pro-fibrotic pathways and stimulation of cardiac fibroblast proliferation and extracellular matrix deposition.22,23 Galectin-3 is believed to be a mediator of aldosterone-induced vascular and myocardial fibrosis and is upregulated in response to aldosterone secretion.24,25 Maladaptive activation of the renin-angiotensin-aldosterone axis is a well-known component of the pathophysiology of heart failure and cardiac remodeling.26 Blunting this response is an important part of the management of heart failure in both humans and veterinary species. Galectin-3 has only recently been evaluated in cats and the clinical success it has achieved in humans makes it an intriguing candidate as a potential biomarker in cats with HCM. Increased Gal-3 has been found in HCM affected humans with myocardial fibrosis confirmed utilizing CMR.27,28 In humans, increasing myocardial fibrosis is associated with worsened outcomes in heart failure and Gal-3 has subsequently been found to be predictive of cardiac remodeling and adverse cardiac events, leading to FDA-approval of Gal-3 as a useful biomarker in identifying high-risk patients as part of an initial cardiac evaluation.29 In a recent pilot study of 80 cats, Gal-3 was expressed in cats and could discriminate between cats with underlying HCM and cats with structurally normal hearts. There was a significant correlation between CMR-derived measurements of ECV and circulating Gal-3 levels mirroring previous studies conducted in humans.30 Subsequent follow up the Stage B cats has demonstrates an increased risk for reaching a cardiac end-point (HF, ATE, sudden death) for cats with an increased Gal-3 and increased ECV. In an ongoing prospective study, cats with the high Gal-3 at admission for first-time HF, was independently associated with increased risk of cardiac death and treatment failure.
	Finally, there the how a cat presents for heart failure has bearing on the overall prognosis. In a recent retrospective study of 125 cats with heart failure presenting has predominating pleural effusion versus pulmonary edema, cats with pleural effusion had an overall worse prognosis. Cats with pleural effusion became refractory to standard therapy (Stage D) sooner with a HR of 2.7, as well as died sooner (HR 2.3) compared with cats with pulmonary edema alone. Pleural effusion was statistically significant on both the univariate and multivariate analysis and associated with time to Stage D and cardiac death. This information helps guide practitioners not only in their discussion with owners but may guide how they treat cats with pleural effusion. 

Cat:  Acute Congestive Heart Failure

[bookmark: Common_etiologies_of_acute_congestive_he]Common etiologies of acute congestive heart failure in the cat
· Hypertrophic cardiomyopathy (HCM)
o	Most common
· Unclassified or restrictive cardiomyopathy (UCM, RCM)
o	Relatively rare
· Dilated cardiomyopathy
· Rare
· Increased risk in Siamese and maybe Sphinx
· Arrhythmogenic right ventricular cardiomyopathy (ARVC)
o	Relatively rare
· Thyrotoxicosis
o	Rare


1. Diuretics
· Parenteral furosemide is the cornerstone of therapy for acute or decompensated congestive (Wet) heart failure
· In cats the initial dose of furosemide is 1-2mg/kg IV or IM (if IV not possible) then repeat in 2-4 hours
· It is unusual to need more than 2-4 doses of furosemide to stabilize cats
· Cats will not tolerate excessive doses of furosemide as well as dogs thus, if more than 4 doses are required reduce it to 1mg/kg IV and begin lengthening the dosing interval.
· Consider repeat radiographs at 12-24 hours to monitor progress
· Repeat blood work at 12-24 hours


NOTE: My initial diuretic plan is dictated by 2 main points: 1st the severity of	the	pulmonary	edema	based	on	clinical	signs	and	ultimately

radiographs (sometimes radiographs cannot be safely accomplished until stabilization therapy is initiated), 2nd the severity of renal insufficiency prior to initiation of therapy. NT-proBNP is available as a bedside blood test and may help confirm the initial diagnosis of cardiogenic pulmonary edema and thus guide therapy.


Furosemide Dose Schedule for Severe Life Threatening Cardiogenic Pulmonary Edema in the Cat

· Dependant on severity of respiratory clinical signs
· Guided by resting respiration rate with oxygen supplementation and thoracic radiographs when available
· For severe life threatening cardiogenic pulmonary edema in the cat
Initial
· 2 mg/kg IV
Then
· 1-2 mg/kg IV in 1-2 hours
Then
· 1 mg/kg IV in 2-4 hours if is not RR ↓ by 50%
Then
· Switch to oral at 1 mg/kg q 12 – 24 hours

Note: If cats do not stabilize or demonstrate a trend in respiratory rate reduction and effort following 2-3 doses of furosemide then alternative differentials for respiratory distress should be considered. For example: if asthma is possible start corticosteroids and or bronchodilators and if pleural effusion is possible perform diagnostic/therapeutic pleurocentesis.
In general, most cats with respiratory distress due to cardiogenic pulmonary edema can be stabilized with furosemide and good supportive care and will not require additional cardiovascular therapy until a safe echocardiogram can be performed. An echocardiogram can usually be safely performed if available 12-24 hours after the respiratory rate has decreased by 30-50%.
Finally, a cat’s initial response to the above therapeutic plan can be considered prognostic. That is cats with cardiogenic pulmonary edema that fail to stabilize as outlined above often have a poorer long term prognosis.




2. Strict Rest

3. Oxygen supplementation
· As long as can be delivered without increasing stress levels

4. Free choice water
· Important to avoid accidental over diuresis

· Attempts to drink are good prognostic indicators

5. Minimize Stress

NOTE: The authors’ frequently use an anxietyolytic agent such as butorphanol because these patients can be very stressed and a prophylactic, safe anxietyolytic may safely facilitate further diagnostics. Butorphanol at 0.2 mg/kg IV or IM has no clinically relevant cardiorespiratory side effects and often ‘takes the edge off’ stressed dyspneic patients.


· Butorphanol, 0.2 mg/kg IV, IM


12. Abdominocentesis
· Very rarely required in cats as cardiogenic abdominal effusion is rare

13. Thoracocentesis
· If clinically significant pleural effusion present
· Relatively common in feline congestive heart failure

14. Nitrogycerine
· Use as per attending clinician preference
· 2% ointment- 0.25 inches in cats q 6-8 hours to clipped skin on thorax and cover area and label well

15. Fluids
· Minimal if any IV fluids
· Plasma-lyte 56 or 0.45% saline in 2.5% dextrose solution or Normosol
· Deliver a ¼ - ½ maintenance rate
· No subQ fluids


16. Arrhythmias
· Treat hemodynamically significant arrhythmias
· Rare in cats


. Note: If the above therapy is inadequate or unavailable and clinical signs worsen or no improvement is noticed continue as outlined below.


6.  Inotropic Support
· Rare if ever needed
· Dobutamine

· Relatively contraindicated in cats with HCM
· May be use full in DCM and ARVC
· If used must be at low doses eg. 1-4 ug/kg/min
· Initiate therapy at 0.5-1 ug/kg/min CRI and monitor closely
· Increase CRI by 0.5 ug/kg/min every 10-20 minutes
· Can start with a higher CRI rate (2 ug.kg/min) if indicated due impending cardiovascular collapse
· Maximum recommended dose is 5 ug/kg/min
· Continue increasing dose until clinical signs of forward and or backward failure are resolving, or to maximum tolerated dose based on:
· Stop up titration when HR is consistently above about 220 bpm
· Stop up titration when cardiac arrhythmias develop (or worsen)
· Stop up titration if vomiting occurs
· If this happens stop the infusion and restart in about 30 minutes at 20% reduced dose
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