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Overview
A wide range of cardiovascular disorders that result in the impairment of the heart's ability to fill or to pump out blood may eventually lead to the clinical syndrome of heart failure. Patients with heart failure often present with signs and symptoms that are often nonspecific and with a wide differential diagnosis, making diagnosis by clinical presentation alone challenging. The evaluation of a patient suspected of heart failure is traditionally based on clinical assessment with history, physical examination, thoracic radiographs, and echocardiography. However, in isolation, the performance of these methods of diagnosis can be limited in accurately diagnosing heart failure. Additionally, these diagnostics may not be indicated for all patients, in particular those in the pre-clinical stages of disease, when screening is most important. Accordingly, the role of biomarkers to identify the presence of heart failure, to risk stratify affected patients, to identify pre-clinical disease, and possibly to serve as a biological tool to guide therapy has been examined.

Troponin I
Cardiac-specific troponins are intracellular proteins that are released into the bloodstream as a consequence of primary or secondary cardiac cell injury or necrosis. Cardiac troponin I (cTnI) has been studied in numerous disease states. Its greatest diagnostic utility in the dog and cat lay in its ability to provide information regarding presence and severity of cardiac injury as well as prognostic information.  Because it is non-specific marker of cardiac cell injury it can be increased in a variety of clinical scenarios including: myocarditis, severe arrhythmias, or severe systemic diseases (e.g. gastric dilation/volvulus, septic shock). Although cTnI levels can be increased in dogs and cats with acquired heart disease they typically cause relatively small elevations, which historically were not measurable with conventional cTnI assays. However, the newer generation of cTnI analyzers, such as the Troponin I Ultra and ADVIA Centaur CP TnI-Ultra, are more sensitive, with a lower level of detection, and have been shown to be more useful for applications related to acquired cardiac diseases. This new generation of high-sensitivity cTnI assays has resulted in renewed interest in cTnI and recent studies have reported the prognostic utility of a combination of high-sensitivity troponin I and N-terminal pro-B-type natriuretic peptide (NT-proBNP) in dogs with CVD, and the clinical utility of such applications continues to be an evolving area in veterinary medicine. Few commercial veterinary laboratories offer validated high-sensitivity cTnI assays at this time. The GI Laboratory at Texas A&M University currently offers canine and feline conventional cTnI and a high-sensitivity canine cTnI (ADVIA Centaur CP TnI-Ultra). Serum, heparinized plasma, or EDTA plasma may be submitted for analysis, but it is best to check with the testing laboratory you use to determine which sample is required.  

NT-proBNP
B-type natriuretic peptide (BNP) is a hormone that causes renal sodium and water loss, as well as vasodilation. BNP is produced and secreted into the blood by the muscle cells of the heart. Low concentrations of BNP circulate at all times, but the heart increases production and secretion in response to excessive stretching of heart muscle cells. Excessive stretching of heart muscle cells is common in many forms of heart disease and in the setting of heart failure. The magnitude of the increase in circulating BNP is correlated to the severity of the underlying heart disease. BNP pro-hormone is secreted into the circulation during periods of cardiac stress and is cleaved into the carboxy-terminus (C-BNP) and the amino-terminus (NT-proBNP); thus, the concentration of either can be used to assess the magnitude of cardiac muscle stretching and commensurate increased wall and stress. NT-proBNP is more stable than proBNP or C-BNP and has a longer half-life, making it a more desirable analyte. A commercially available assay for canine and feline NT-proBNP (Cardiopet® proBNP, IDEXX) has been available for more than ten years and clinical studies have been published that support its clinical utility in the dog and cat.  More recently, a qualitative cageside ELISA (SNAP® Feline proBNP) was introduced, which allows rapid determination of feline NT-proBNP concentrations in the cat.
A clinical test for BNP (Cardio-BNP canine, ANTECH), rather than NT-proBNP, is also available but less information is published regarding clinical use of this test.  This article refers to clinical use of NT-proBNP, since this is a more commonly used and more clinically studied test.

Indications for NT-proBNP testing
1. The presence of respiratory signs (dyspnea, tachypnea, cough) in cats and dogs may be associated with underlying heart disease and congestive heart failure (CHF) or as a consequence of primary respiratory disease (e.g. bronchitis/asthma, pneumonia, neoplasia, pleural space disease, etc).  At times it is unclear if clinical respiratory signs are related to cardiac or pulmonary disease, particularly if the physical exam and thoracic radiograph results are ambiguous.  In such cases, evaluation of NT-proBNP may help guide further diagnostic testing and therapy. The Canine and Feline Cardiopet® proBNP test provides a quantitative, NT-proBNP concentration.  Several published studies have established a cutoff for cats and dogs that helps to differentiate respiratory and cardiac causes of dyspnea.  However, the time required to obtain the result from the reference laboratory limits its utility for the acutely distressed patient.  The new feline pet side ELISA can provide rapid, qualitative NT-proBNP results to help assess the likelihood that heart disease is present in a cat with cardiac risk factors (e.g. heart murmur) and may be a useful option to rapidly assess the likelihood that heart disease is present in a cat with respiratory signs.  However, the cageside SNAP® Feline proBNP assay has to date not been clinically evaluated in cats with respiratory clinical signs.  In general, it should be remembered that NT-proBNP is not a stand-alone test and should be interpreted in the context of other appropriate information, e.g. history, signalment, thoracic radiographs and an echocardiogram (if available).
2. When evaluating an apparently healthy cat that would be considered to have an increased risk of having occult cardiomyopathy (e.g. a cat with a heart murmur), an echocardiogram should be recommended.  If an echocardiogram is declined, an NT-proBNP may be useful to help further assess the likelihood that the cat has underlying heart disease.   An abnormal test (>100 pmol/l or SNAP abnormal) in this case could be used to encourage owners to have their cat undergo definitive testing with an echocardiogram or minimally acquire baseline radiographs.  Cats considered to be at increased risk of having occult cardiomyopathy are those with one or more of the following characteristics: a heart murmur, gallop heart sound, arrhythmia, radiographic cardiomegaly, left axis shift on an ECG (or any other conduction abnormality) or a familial history (directly related to a cat known to have cardiomyopathy).  In addition, some breeds of cats are recognized to have a higher prevalence of cardiomyopathy and are thus considered to be at increased risk. 
3. NT-proBNP can be used in the chronic monitoring of dogs with myxomatous mitral valve disease (MMVD).  Results of NT-proBNP in combination with thoracic radiography (especially VHS) and in-home monitoring of resting respiratory rate can help to detect worsening of cardiac disease and predict the risk of CHF development.  In dogs, a VHS > 12.0 or an NT-proBNP >1500 pmol/L are associated with an increased risk of CHF in the next 3-6 months1. Serial evaluation of NT-proBNP concentrations in chronic cardiac patients may provide additional information about the risk of CHF.  Increasing NT-proBNP values (increases of > 60% since last visit) or increasing VHS (≥ 0.07 per month since last visit) are associated with an increased risk of CHF in the next 3-6 months.  This information can be used to enhance owner education regarding signs to watch for and lead to an increased frequency of rechecks (for example, recheck every 4-6 months instead of yearly).   
4. Doberman pinschers have a very high risk of developing cardiomyopathy over their lifetime.  The recommended gold-standard screening tests include annual echocardiogram and Holter (24 hour) ECG exams starting at 3 to 4 years of age. The expense and inconvenience of this recommendation limits the number of Dobermans that undergo serial testing.  NT-proBNP testing can help identify Dobermans at highest risk for having Stage B2 (occult) dilated cardiomyopathy; these dogs can then be strongly encouraged to undergo an echocardiogram and a Holter exam.  Therapy based on NT-proBNP values alone is not recommended. Use of NT-proBNP for this indication requires the use of the most current breed specific reference ranges.

Interpreting NTproBNP test results
1. In dogs with current respiratory signs, an NT-proBNP concentration < 900 pmol/L suggests that CHF is unlikely and other conditions causing respiratory signs should be considered. If the NT-proBNP is > 2,500 pmol/L, CHF is the most likely cause of the clinical signs, but concurrent airway disease cannot be ruled out.2  Values between 900 and 2,447 are difficult to interpret because they do not discriminate between CHF and other causes of respiratory signs.  Thus for results in the range of 900 to 2,500 pmol/L, other tests should be evaluated or re-evaluated, or a second opinion or referral sought. 
2. In cats with current respiratory signs, an NT-proBNP (Cardiopet proBNP) < 100 pmol/L or a normal cageside SNAP® Feline proBNP suggests that CHF is unlikely and other conditions should be more strongly considered. If the NT-proBNP is > 270 pmol/L, CHF is the most likely cause of the clinical signs although concurrent respiratory disease cannot be ruled out.  Values between 100 and 270 and an abnormal cageside SNAP® Feline proBNP test are less useful but indicate that CHF is at least possible and other tests should be evaluated or re-evaluated (2nd opinion).  However, the new cageside SNAP® Feline proBNP assay has to date not been clinically evaluated in cats with respiratory signs.
3. In apparently healthy cats at increased risk of having heart disease (as outlined above) an NT-proBNP > 100 or an abnormal SNAP test is consistent with an additional increase in the likelihood that the cat has heart disease.  Owners of these cats should be strongly encouraged to have an echocardiogram performed or, minimally, have baseline thoracic radiographs taken. Not all cats with NT-proBNP >100 or an abnormal SNAP test will have an abnormal echocardiogram, but many will.  In cats with NT-proBNP < 100 or a normal SNAP test, significant structural heart disease is highly unlikely. In this case, significant structural heart disease is taken to mean that any echocardiographic abnormalities (if present) are mild and thus unlikely to cause CHF. However, because heart disease will progress in some cats, an NT-proBNP < 100 or a normal SNAP test does not imply the cat will always be normal.  Optimally, at risk cats should be re-evaluated annually. In addition, if indiscriminate population-based testing is done an abnormal SNAP test result (or plate assay result >100) and subsequent definitive testing (echocardiogram) will yield a higher false positive rate due to the expected reduced prevalence of heart disease in cats without versus with cardiac risk factors such as a murmur.
4. In dogs with Stage B2 MMVD, NT-proBNP > 1,500 pmol/L1 is indicative of an increased risk of developing CHF over the next 3-6 months. These dogs will benefit from more diligent monitoring including evaluation of home resting respiratory rate and more frequent follow-up examinations (q 4-6 months). NT-proBNP concentrations have also been correlated to survival in dogs with MMVD and DCM, but the reported cut-off values for these predictions are currently ambiguous because different generations of the assay were used in different studies. 
5. Dobermans with an NT-proBNP above the breed specific reference range (> 45 pmol/l) should be considered at an increased risk for having occult DCM (Stage B2).  Owners of this type of patient should be strongly encouraged have the dog undergo echocardiographic examination. 

	The most current sample handling and submission recommendations from IDEXX must be followed closely to prevent artifactually decreased values.  Currently, submission of 1mL of EDTA plasma is recommended for canine submissions. The commercially available canine assay has gone through a number of revisions and thus the suggested cut-offs of studies published before can be difficult to apply clinically.   Day-to-day variation may be as high as 60% in the dog and this should be taken into consideration with interpreting serial samples in an individual dog.  In the cat day-to-day variation is typically < 10 pmol/L.  However, some cats (about 30%) can have concentrations that vary by as much as 100 or more pmol/L. 

NT-proBNP limitations
	The main mistake that limits the utility of NT-proBNP testing is related to testing the wrong dog or cat.  The test should not be used as a stand-alone test or in most apparently healthy (e.g. asymptomatic) canine patients (Doberman pinschers are the exception, see above).  Elevations in NT-proBNP are not disease specific and cannot be used alone to establish a diagnosis; thus, NT-proBNP does not tell you when to start treatment or what medication to use.  NT-proBNP does not replace other appropriate diagnostic tests; rather, it provides additional information that when interpreted in conjunction with a thorough history, physical examination and other appropriate tests may improve the accuracy of diagnosis. Its value may be particularly high when the results of other tests are ambiguous.  NT-proBNP concentrations may decrease following the use of cardiac medications but typically do not normalize. It is highest in dogs with active heart failure. 
	Apparent false positives: there are a number of conditions that can lead to elevations in NT-proBNP that are not associated with an abnormal echocardiogram.  NT-proBNP is cleared primarily by the kidney and thus significant renal insufficiency or pre-renal azotemia may lead to increased concentrations. Thus, elevated NT-proBNP should be interpreted in light of renal function when possible.  NT-proBNP may increase with severe arrhythmias, pulmonary hypertension, hyperthyroidism (cat) and systemic hypertension even if structural heart disease is not apparent based on an echocardiogram. 

GALECTIN-3
Currently, there is no established antemortem method for evaluating myocardial fibrosis. In human and animal studies, Galectin-3 (Gal-3) has been identified as a circulating biomarker of myocardial fibrosis. Studies in rat models of LV hypertrophy initially demonstrated increasing Gal-3 in fibrosing and failing myocardial. Additionally, increased Gal-3 has been found in hypertrophic cardiomyopathy (HCM)-affected humans with myocardial fibrosis confirmed utilizing cardiac magnetic resonance imaging. In humans, increasing myocardial fibrosis is associated with worsened outcomes in HCM and Gal-3 has subsequently been found to be predictive of cardiac remodeling and adverse cardiac events, including risk of onset congestive heart failure (CHF), hospitalization, re-hospitalization, and mortality. These findings have led to FDA-approval of Gal-3 as a useful biomarker in identifying high-risk patients as part of an initial cardiac evaluation. 

Gal-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. Gal-3 is believed to be a mediator of aldosterone-induced vascular and myocardial fibrosis and is upregulated in response to aldosterone secretion. Maladaptive activation of the renin-angiotensin-aldosterone axis is a well-known component of the pathophysiology of CHF and cardiac remodeling, and blunting this response is an important part of the management of CHF in both humans and veterinary species. Gal-3 has recently been evaluated as a novel biomarker in cats with HCM. The aim of the study was to compare circulating Gal-3 levels in normal cats, cats with occult HCM, and cats with past or current CHF secondary to HCM. Results of this study demonstrate that Gal-3 increases in cats with advanced HCM and is highest in cats with past or current signs of CHF. Gal-3 was not correlated with renal function or NT-proBNP levels in cats with HCM. Further studies are warranted to determine the clinical utility of this novel biomarker in cats with HCM.
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