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GOALS OF THIS LECTURE

Cats with cardiomyopathy present significant diagnostic challenges. The most common cardiomyopathies in cats
(hypertrophic and restrictive cardiomyopathy) tend to be associated with no obvious outward clinical signs that an owner
might notice until cats reach a crisis stage as a result of congestive heart failure or thromboembolic complications.
Moreover, even our annual physical exams are not always as useful as we would like. This is because some well-feeling
cats with heart disease have no murmur or arrhythmia or gallop on physical exam. As if that did not make your job
challenging enough, a significant number of asymptomatic cats with heart murmurs will end up having a relatively benign
cause for their murmur with no serious underlying heart disease. Echocardiography by a highly trained sonographer is
considered the gold standard for diagnosis and characterization of these cardiomyopathies. However it is not practical to
perform an echo study on every feline patient and not even every cat with a heart murmur has an owner who is able or
willing to have an evaluation by one of the limited number of cardiology specialists. It would thus be ideal if there were a
test that could be performed in practice they could reliably help to let you know which asymptomatic cats were more likely
to have serious heart disease and which were not. NT-proBNP is a test that can be useful as a screening test for
cardiomyopathies in certain common clinical settings - provided we choose our patients to test carefully and understand
the limitations of the test. In this talk we will discuss the utility of this test in different feline patients - as well as how patent
selection significantly must impact our interpretation of the results.

BACKGROUND

B-type natriuretic peptide (BNP) is a naturally circulating hormone that promotes vasodilation and renal sodium
and water loss. BNP is produced and secreted into the blood by cardiac myocytes - the muscle cells of the heart. Low
basal concentrations of BNP can be detected circulating at all times, but the heart increases production and secretion of
BNP in response to excessive stretching of heart muscle cells - as occurs with excess intracardiac volume expansion.
This volume expansion - or cardiac enlargement - is a common late-stage result of many serious cardiac diseases in our
patients including feline cardiomyopathies. While not a precise measure in any one individual cat, the degree of an
increase in circulating BNP tends to be correlated to the severity of the underlying cardiac disease. The BNP pro-hormone
is secreted into the circulation during periods of cardiac stress/stretch and is cleaved into the carboxy-terminus (C-BNP)
and the amino-terminus (NT-proBNP). The NT-proBNP segment is more stable than proBNP or C-BNP
and has a longer half-life and these facts make it a more reliable subject to measure and track. A commercial assay for
feline NT-proBNP has been available for a number of years and more recently a qualitative in-house ELISA SNAP test
was introduced.

UTILITY IN DIFFERENT CAT POPULATIONS

In order to most effectively use NT-proBNP we need to consider the patient we are performing this test on. Any test that
tests for a disease can yield a positive or negative result. In reality, the patient may or may not have the condition being
tested for. A test result that is positive when the patient truly has the condition is a true positive and a test result that is
positive when the patient does not have the condition is a false positive. A negative test result can likewise be a true or
false negative. The Positive Predictive Value (PPV) of a test refers to the likelihood that a positive result in an individual
patient is a true positive.

A critically important consideration is that the PPV of any test is influenced by the prevalence of disease in the population
that is being tested. If a test is performed in a high prevalence setting, it is more likely that a patient who tests positive
truly has the disease than if the test were performed in a population with a lower prevalence of the disease. For example,
consider the use a Doppler device to test for feline systemic hypertension. This condition is far more common in geriatric
cats with chronic renal failure than it is in three-year-old cats with normal kidney function. Now imagine that a geriatric cat
with chronic renal failure and a three-year-old normal cat are each put in carriers and driven to a veterinary clinic. Blood
pressure measurements are performed and both measurements measure 180 mmHg. These cats are not equally likely to
truly have chronic systemic hypertension. This “positive” result is far more likely to be a true positive in the geriatric cat
because this cat is from a population with a far higher incidence of systemic hypertension. In the three-year-old cat this
measurement, while true in the moment, most likely is a transient “white-coat” effect If so, then this would represent a
false positive false positive.

This principle of the incidence of disease in the tested population affecting the PPV is true for any test including
NT-ProBNP. This has important implications when using NT-proBNP to screen a cat for a serious cardiomyopathy, as a
clinician can increase the PPV (increase the chances that a positive result is actually true) for example by employing the
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test in cats who are likely to have an increased risk of having a serious cardiomyopathy - such as cats with a heart
murmur, arrhythmia, gallop and/or radiographic cardiomegaly. In such a population of cats, a recent study found that
when a commercial qualitative cage side ELISA NT-proBNP assay was used to try and identify which cats from this high
risk population truly had a moderate or severe cardiomyopathy, the PPV of the assay was 62%. Therefore, an
asymptomatic cat with a heart murmur, gallop, arrhythmia and/or cardiomegaly who tested positive on the ELISA assay
had a 62% chance of having a significant cardiomyopathy (and a 38% chance of being a false positive). It is important to
keep in mind that this is a population of cats with a higher than average risk for cardiomyopathy and that this same test
run on a population of cats less likely to have heart disease (all cats undergoing anesthesia for dentals for example) would
lead to a higher rate of false positives. We will review these findings and discuss their implications in detail in this live
lecture. The Negative Predictive Value (NPV) of this cage side quantitative test for a serious cardiomyopathy in this same
population of high risk cats was relatively high. Therefore, in this population of high risk asymptomatic cats with murmurs,
gallop sounds, arrhythmia and/or cardiomegaly, a negative visual SNAP result meant that the cat was unlikely to have a
serious cardiomyopathy. About 6% of these cats who tested negative actually had a serious cardiomyopathy and were
thus false negatives. Because the positive predictive value of the SNAP test in this population of cats was lower than the
negative predictive value, this means that a negative result was less likely to be false than a positive. This suggests that
in an asymptomatic cat with a heart murmur, NT-proBNP might be a better (albeit imperfect) test to rule out serious heart
disease than to rule it in. In the live lecture we will discuss various ways that you can use these facts when presented
with an asymptomatic cat with a heart murmur.

Cats who present because of serious respiratory clinical signs (dyspnea, tachypnea, cough) most commonly have
underlying heart disease that has led to congestive heart failure or serious primary respiratory disease such as asthma,
neoplasia, pneumonia, pleural space disease, etc. The treatment options for these often critical cases vary widely based
upon the underlying condition. History and physical exam can often yield important clues that guide our index of suspicion
for the underlying problem. Thoracic radiographs and/or a brief ultrasound check for effusion are important first order
diagnostics but the sometimes fragile nature of these patients can make such procedures challenging. The quantitative
NT-proBNP assay has been shown to be useful and a reasonable differentiator in these challenging cases, but the fact
that this has to be sent out to a diagnostic lab limits its timely utility in these critical patients. As of yet the cage side
clinical SNAP test has not been evaluated for accuracy in cats with respiratory signs. We will discuss some cases in
which the SNAP test might still be useful when combined with other first order diagnostic tests. NT-proBNP has not been
evaluated for accuracy at predicting likelihood of heart disease in the general population of cats who are not considered to
have increased risk of heart disease - such as those with no respiratory symptoms or heart murmur or other known risk
factors for heart disease. If NT-proBNP were tested in such a cat, the risk that a given positive result would be a false
positive is undoubtedly higher than in the populations described above who have known risk factors for heart disease.
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