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Abstract Objective: To evaluate the utility of feline NT-proBNP plasma concen-
tration [NT-proBNP] as a screening tool for cats with subclinical hypertrophic
cardiomyopathy (HCM).
Animals, materials and methods: Forty adult Maine Coon or Maine Coon crossbred
cats from the feline HCM research colony at the University of California, Davis were
studied. All cats had previously been genotyped as heterozygous or negative for the
A31P myosin binding protein C (MYBPC) mutation. Echocardiograms were per-
formed to assess the severity of HCM in each cat. Blood samples were collected
for evaluation of [NT-proBNP].
Results: In these cats with severe HCM, [NT-proBNP] was significantly elevated
(P < 0.0001) when compared to all other groups of cats and an [NT-proBNP] > 44
pmol/L accurately predicted the presence of severe HCM. However, [NT-proBNP]
was not increased in cats with moderate or equivocal HCM when compared to
normal cats. Cats heterozygous for the MYBPC mutation had a significantly elevated
[NT-proBNP] when compared to cats without the A31P mutation (P ¼ 0.028).
Conclusions: Measurement of [NT-proBNP] has a high sensitivity and specificity as
a means of detecting severe HCM in cats, but it is not sensitive for the identification
of moderate HCM as judged by the evaluation of Maine Coon and Maine Coon cross
cats in our colony. Consequently, we conclude that this test cannot be used to
screen cats for the presence of mild to moderate HCM.
ª 2009 Elsevier B.V. All rights reserved.
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Introduction

Feline hypertrophic cardiomyopathy (HCM) is
acommon,primarymyocardial diseasecharacterized
ved.
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by thickening of the left ventricular myocardium.
It is either idiopathic or due to mutations in
cardiac myosin binding protein C in Maine Coon
and Ragdoll cats.1,2 HCM ranges in severity from
mild to severe. Cats with mild to moderate
disease generally show no clinical signs (i.e., they
are subclinical) while those with severe disease
range from having no clinical signs to experiencing
congestive heart failure, aortic thromboembo-
lism, and sudden death.

The diagnosis of feline HCM is made using
echocardiography, although it is a diagnosis of
exclusion. An unequivocal diagnosis of HCM can be
made when the entire LV wall or some region is
6 mm or more thick in the absence of hyperthy-
roidism, systemic hypertension and severe dehy-
dration.3 The thickening is almost always
accompanied by moderate to severe papillary
muscle enlargement in cats. Commonly there is
end-systolic cavity obliteration. Systolic anterior
motion of the mitral valve may or may not be
present. The left atrium may or may not be
enlarged. Other echocardiographic techniques,
including assessment of transmitral flow via pulsed
wave Doppler and Doppler tissue imaging, may be
useful for identifying the diastolic dysfunction
often present with severe HCM.4

Because feline HCM is common in certain breeds
of cats, screening for this disease is a frequent
request of breeders who want to attempt to
reduce the incidence of HCM in their line(s).
Screening for HCM is fraught with difficulties. The
sensitivity and specificity of auscultation in
detecting cardiac disease in cats is compromised
by the absence of auscultatory abnormalities in
many cats with HCM, especially those with mild to
moderate disease, and the occasional presence of
a physiologic murmur, most commonly due to
dynamic right ventricular outflow tract obstruc-
tion, in cats.5,6 The sensitivity of thoracic radiog-
raphy for diagnosing even severe HCM in cats is
limited due to the concentric nature of the left
ventricular hypertrophy coupled with the more
cranial location of the left atrium in cats when
compared to dogs.3 In addition, the specificity of
thoracic radiography for HCM is very poor. As such,
screening for HCM has historically required an
echocardiographic examination by an experienced
individual, which is often an expensive and time
consuming process.

Consequently, there is an obvious desire for
a simpler, more readily available, and less expen-
sive tool to screen cats for HCM. Serum or plasma
biomarkers are widely utilized in human medicine
to assess cardiac disease. Recently, a plasma assay
for the feline N-terminal of the prohormone of
brain natriuretic peptide (NT-proBNP) has become
available. This has sparked profound interest in
exploring the usefulness of this biomarker in feline
cardiac disease. BNP is a peptide that is synthe-
sized in the cardiac atria and ventricles. The
putative reason for increased expression of BNP is
myocardial stretch. BNP is initially expressed as
a prohormone (proBNP).7 ProBNP is cleaved and
released from myocytes as active BNP and the
inactive N-terminal or NT-proBNP. NT-proBNP is
less labile with a longer plasma half life compared
to active BNP. Although NT-proBNP is not the
active polypeptide product, its plasma concen-
tration reflects the plasma concentration of active
BNP ([BNP]).8,9 Therefore, it has been utilized as
a more stable marker of BNP activity.

In humans with HCM, an elevated plasma
NT-proBNP concentration ([NT-proBNP]) has been
associated with various features of the
disease.10,11 Specifically, a positive correlation has
been found between [NT-proBNP] and several
variables including NYHA class of heart failure, left
atrial size, severity of diastolic dysfunction, left
ventricular outflow tract gradient and severity of
left ventricular hypertrophy.12e14 Examination of
the role of cardiac biomarkers in feline cardiac
disease as predictors of disease severity has been
limited. The roles of N-terminal and C-terminal
atrial natriuretic peptide (ANP), NT-proBNP,
cardiac troponin I, and plasma endothelin reac-
tivity have been explored in various feline cardiac
diseases, including HCM.15e20 Cats with subclinical
HCM were included in some of these studies,
however subject numbers and the description
regarding severity of HCM have been limited.

The present study was designed to examine
plasma NT-proBNP concentration in cats with
moderate to severe HCM in a colony of cats with
HCM where the disease has been carefully char-
acterized over years in each cat. The specific aim
of the study was to determine the feasibility of
using plasma NT-proBNP concentration to identify
cats with moderate or severe disease.
Animals, materials and methods

Animals

The study included adult Maine Coon and Main Coon
crossbred cats from the feline HCM research colony
at the University of California, Davis. Animals were
cared for according to the guidelines in the NIH
Guide for the Care and Use of Laboratory Animals.
All cats had previously been genotyped as hetero-
zygous or negative for the A31P myosin binding



Hypertrophic cardiomyopathy S65
protein C (MYBPC) mutation.1 Clinical evaluation
included physical examination, echocardiography,
and measurement of serum T4, creatinine, and urea
nitrogen concentrations. All subjects were euthy-
roid as defined by a serum T4 concentration < 4
mg/dL. No subject had renal failure (serum creati-
nine concentration < 2.2 mg/dL.

Echocardiography

All cats were screened for HCM over a 2 week
period using an echocardiograph machine.a The
diagnosis of HCM was based on the 2-D echocar-
diographic measurement of a thickened left
ventricular wall with left ventricular papillary
muscle hypertrophy in the absence of any other
systemic disease capable of producing the magni-
tude of hypertrophy observed and the absence of
fixed aortic stenosis. Noninvasive systemic arterial
blood pressure was not measured because of the
inaccuracy of this technique, especially in a group
of cats where some are quite fractious. Instead,
the two most common causes of systemic hyper-
tension (renal failure and hyperthyroidism) were
documented to not be present.

Cats were sedated with 0.1 mg/kg SQ acepro-
mazine. All echocardiograms were performed by
one investigator (MDK). Maximum left ventricular
wall thickness was measured from 2e3 cross-
sectional views and a subjective assessment of left
atrial size was made from a right parasternal two-
dimensional cross-sectional view. The greatest
thickness measured at any site in the LV wall was
considered to represent maximal LV wall thick-
ness. Cats were designated normal if the maximal
LV wall thickness was <6 mm. Ventricular hyper-
trophy was classified as moderate or severe based
on a maximal LV wall thickness of 6e7 mm and
>7 mm, respectively. An equivocal designation
was given when the maximal wall thickness was
<6 mm and the papillary muscles were subjec-
tively assessed to be moderately enlarged. One cat
with a 6.5 mm maximal wall thickness and very
severe papillary muscle hypertrophy was catego-
rized as having severe HCM.

Measurement of plasma [NT-proBNP]

Plasma [NT-proBNP] was measured using the Feline
CardioCare NT-proBNP assay.b Blood samples were
a Hewlett Packard Sonos 5500 echocardiograph machine,
Philips Medical Systems, NA, Bothell, WA, USA.

b Veterinary Diagnostics Institute, 9272 Jeronimo Road #118,
Irvine, CA 92618.
collected by venipuncture and placed in standard
glass tubes containing EDTA. Samples, within 1 h of
withdrawal, were centrifuged and the supernate
collected and placed into a standard transport
tube provided by the company and immediately
placed in a standard freezer until overnight ship-
ment to the company on ice. Samples were then
stored at the company until batch analysis that
was performed once weekly. Most samples were
not obtained at the time of echocardiographic
evaluation and were drawn within a time period
spanning 6 months prior to 3 months after the
echocardiographic examination.
Statistical analysis

Groups (normal, equivocal, moderate HCM, severe
HCM) were compared using the KruskaleWallis
one-way analysis of variance test. Differences in
[NT-proBNP] between cats with the A31P mutation
and those without were looked for using the Wil-
coxon rank sum test. P < 0.05 was considered
significant.
Results

Forty cats were studied (19 intact females and
21 intact males). The median age for the group
was 6.5 years (range 5e16 years). Echocardio-
graphically nine cats were classified as normal, 12
as equivocal, nine as having moderate HCM, and 10
as having severe HCM (Fig. 1). Three of the cats
with severe HCM had mild to moderate left atrial
enlargement while no other cat did. Of the 40 cats,
19 were heterozygous for the A31P mutation (5/9
normal cats, 4/12 equivocal cats, 5/9 cats with
moderate HCM, and 5/10 cats with severe HCM).

Cats with severe HCM had a significantly greater
[NT-proBNP] compared with all other cats
(P < 0.0001). The median (range) [NT-proBNP] in
the severe, moderate, equivocal, and normal
groups was 134 pmol/L (12e252 pmol/L), 22 pmol/
L (5e77 pmol/L), 19 pmol/L (5e53 pmol/L), and
21 pmol/L (10e79 pmol/L), respectively (Fig. 2).
Comparing the [NT-proBNP] of the severe group to
each of the other individual groups yielded signif-
icance in each instance: moderate vs. severe
(P ¼ 0.0025), equivocal vs. severe (P ¼ 0.0003),
and normal vs. severe (P ¼ 0.007). The normal,
equivocal and moderate HCM groups were not
significantly different from each other.

A cut-off value of 44 pmol/L was used to distin-
guish between a normal and an elevated
[NT-proBNP] based on previous studies and visual



Figure 1 Right parasternal cross-sectional views of the left ventricle from a normal cat (A), a cat equivocal for HCM
(B), a cat with moderate HCM (C), and a cat with severe HCM (D). Note that A and D are at a depth of 0e5 cm while B
and C are at 0e4 cm.
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assessment of the data.c An elevated [NT-proBNP]
was reasonably sensitive (90%) and specific (83%) for
identifying severe HCM. When used to try to distin-
guish cats with moderate HCM from normal cats and
catswithanequivocal echocardiogram, [NT-proBNP]
was only 20% sensitive but 86% specific. When cats
with moderate and severe HCM were combined, the
[NT-proBNP] value was only 58% sensitive and 86%
specific for detecting HCM. No other cut-off value
improved sensitivity and specificity.

Cats that had the A31P MYBPC mutation had
a significantly elevated [NT-proBNP]whencompared
to those without the mutation. When looking at all
cats in thepopulation with the mutation, themedian
(range) was 33 pmol/L (5e252 pmol/L) vs. 12
(5e145 pmol/L) in negative cats (P ¼ 0.04). The
[NT-proBNP] in cats with the mutation with severe
HCM was also elevated (220 [123e252] pmol/L)
when compared to [NT-proBNP] in cats without the
mutation and severe HCM (63 [12e145] pmol/L,
(P ¼ 0.016)).
Discussion

The goal of this study was to determine if
measuring feline [NT-proBNP] in cats is a reason-
able screening test for detecting HCM in cats. The
c Fox PR, personal communication.
current method of screening is echocardiographic
quantitative assessment of LV wall thickness
and the qualitative assessment of ancillary echo-
cardiographic measures including papillary muscle
size, left atrial size and the presence or absence of
systolic anterior motion (SAM) of the mitral valve.
Echocardiographic screening of domestic cats for
HCM is expensive, is ambiguous when mild disease
is present, and suffers from inter- and intra-
observer variability. Consequently, the identifica-
tion of a more accurate, reliable, less costly, and
unambiguous means of screening for feline HCM
would be advantageous. The ideal test would need
to be very sensitive (i.e., there would be few false
negative findings) at detecting mild to severe HCM
while still being reasonably specific (i.e., there
would be few false positive findings). Additionally,
it would help an echocardiographic examiner
decide if a cat with an equivocal exam either had
or did not have HCM. Based on our findings, it
appears that measuring the plasma concentration
of NT-proBNP is not that ideal test.

The results of this study show that [NT-proBNP]
is only accurate for identifying cats with severe
HCM. Although the test was highly sensitive and
specific for cats classified with severe disease
(maximal wall thickness > 7 mm), it was extremely
insensitive for detecting cats with moderate HCM
(i.e., those with a maximal wall thickness between
6 and 7 mm (20% sensitivity)). As expected, when



Figure 2 A scatter plot displaying plasma NT-proBNP
concentration [NT-proBNP] in 40 cats, including nine
normal cats (five MYBPCþ, four MYBPC�), 12 cats
equivocal for HCM (four MYBPCþ, eight MYBPC�), nine
cats with moderate HCM (five MYBPCþ, four MYBPC�),
and 10 cats with severe HCM (five MYBPCþ, five
MYBPC�). Those cats classified with severe HCM had
a significantly greater [NT-proBNP] compared with all
other groups (P < 0.0001)*. The normal, equivocal and
moderate HCM groups were not significantly different
from each other. Cats that had the A31P MYBPC muta-
tion had a significantly elevated [NT-proBNP] when
compared to those without the mutation (P ¼ 0.04)*.
Three cats had evidence of left atrial enlargement (LAE)
on echocardiographic examination as indicated by the
arrows on the figure. HCM classifications: 1, normal; 2,
equivocal; 3, moderate; 4, severe.
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cats with moderate and severe HCM were
combined (i.e., those with a maximal wall thick-
ness > 6 mm), sensitivity was also poor (58%
sensitivity). Therefore, if [NT-proBNP] were to be
used as a screening test, although a positive result
would confer a good chance of severe disease
being present, many cats with moderate HCM
would be falsely identified as normal unless there
was further evaluation performed, defeating the
purpose of the screening tool. Similarly there was
no apparent benefit in measuring [NT-proBNP] in
cats with an equivocal echocardiographic exam
since the [NT-proBNP] in this group was indistin-
guishable from the group of normal cats and from
the cats with moderate HCM.

A recently published study also looked at
[NT-proBNP] as a means of distinguishing cats
with cardiac disease from normal cats.16 The
investigators from this study concluded that
‘‘measurement of BNP concentrations may prove
clinically useful as an initial screening test for
cats with suspected cardiac disease.’’ The study
included 36 cats with HCM along with 14 cats with
other forms of cardiac disease. Although the
study did not describe the severity of HCM (i.e.,
maximal wall thickness and/or papillary muscle
hypertrophy), 23 of the cats with HCM were in
heart failure at the time of evaluation and all of
the cats with HCM including those not in heart
failure had an enlarged left atrium (LA/Ao
ratio > 1.5). Consequently, it would appear that
all of the cats with HCM in this study, including
those not in heart failure, would have fit into the
severe category of our study. We therefore
conclude that the results of that study are
concordant with the results of our own study with
regard to cats with severe HCM and [NT-proBNP].
However, in contrast, we conclude that measure-
ment of [NT-proBNP] is not a valid screening test for
feline HCM.

Another study has used immunohistochemistry
to show that there is increased BNP content in both
the atria and ventricles of cats with HCM.17 The
severity of HCM was also not characterized here.
However, all cats had a thicker than normal left
atrial wall suggesting increased left atrial pres-
sure. Therefore, it is likely that these cats also had
severe HCM.

Conventional wisdom suggests that diastolic
myocardial wall stretch is responsible for
increased BNP synthesis and secretion. Diastolic
wall stretch (strain) is brought about by placing
stress on the wall. Diastolic wall stress is deter-
mined by diastolic intraventricular pressure,
chamber radius and wall thickness (the law of
Laplace). Most of the cats with severe HCM in our
study did not have left atrial enlargement, which
suggests that left atrial pressure and in turn left
ventricular diastolic pressure was not increased.
Therefore, in the present study, diastolic intra-
ventricular pressure was presumed to be normal,
chamber radius was normal to decreased and wall
thickness was increased in most of the cats with
severe HCM. This would indicate that diastolic wall
stress was decreased and therefore diastolic
myocardial stretch was decreased. Yet [NT-
proBNP] was increased in our cats with severe
HCM, as has been shown in humans with HCM that
are not in heart failure.10,13 In addition, although
a significant correlation between BNP and E/Ea,

a measure of left atrial pressure, has been
demonstrated in both humans and cats, the rela-
tionship is weak (r < 0.5). Both of these suggest
that there is a mechanism in addition to myocar-
dial stretch (strain) that can stimulate increased
BNP synthesis and release in HCM.

It is worth noting that cats with the A31P MYBPC
mutation had a significantly increased [NT-proBNP]
when compared to those without the mutation
despite the fact that the number of cats with the
mutation was reasonably evenly distributed
between the four groups (5/9 normal cats; 4/12
cats with equivocal findings; 5/9 with moderate
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HCM; 5/10 with severe HCM). This suggests that
the presence of the A31P mutation itself may have
a modulatory effect on BNP synthesis and
secretion.

The usefulness of measuring [NT-proBNP] to
screen for diseases such as arrhythmogenic right
ventricular cardiomyopathy, chronic myxomatous
AV valve disease, and dilated cardiomyopathy in
dogs has been explored previously in the veteri-
nary literature.21e24 In general, the findings from
those studies are similar to the results of the
current investigation. In one study the measure-
ment of [BNP] was not useful for detecting
arrhythmogenic right ventricular cardiomyopathy
in Boxer dogs. In another, [NT-proBNP] was
increased in Cavalier King Charles spaniels with
severe mitral regurgitation but was not in those
with mild to moderate disease. Another study
examined the ability of measuring [BNP] in Golden
Retrievers with muscular dystrophy to identify
early cardiomyopathy. The test was useful in dogs
over 12 months of age with more advanced disease
but not in younger dogs. Lastly, the ability of [NT-
proBNP] measurement to identify Doberman
Pinschers with dilated cardiomyopathy was exam-
ined. Disease severity was not presented in that
investigation; however it appeared that the test
was able to detect early (occult) disease, although
there were many false positive results. Recently
[NT-proBNP] measurement was evaluated in
a small group of Beagle dogs with experimentally
induced severe aortic stenosis in which it was
found that [NT-proBNP] was increased.25

The HCM categorization scheme used in this
study was arbitrary but we believe logical. With
the current methods of diagnosing HCM, the
distinction between mild HCM and normal is
probably impossible and therefore, the equivocal
designation was used and a mild category was not
used. Within the population of cats in this study,
there was left atrial enlargement in three cats.
Severe disease is usually required to cause an
increase in left ventricular diastolic pressure high
enough to cause left atrial enlargement. Conse-
quently, those cats and all cats that were quanti-
tatively (i.e., maximal wall thickness) and
anatomically indistinguishable from the cats with
left atrial enlargement were categorized in the
severe group. Cats with an LV wall thickness that
was increased but was not as thick as those cats in
the severe group were termed moderate. Not all
cats with HCM in this research colony have the
A31P mutation. Consequently, it is most likely that
at least one more mutation exists that is respon-
sible for HCM in this colony and in Maine Coon cats.
Limitations

Only Maine Coon and Maine Coon cross cats with
and without the A31P mutation from a research
colony were used in this study. It is possible that
this cohort of cats is somehow different from other
cats with HCM. However, phenotypically these cats
appear to be the same as other cats with HCM seen
in veterinary clinics.

The presence and severity of a dynamic left
ventricular outflow tract obstruction, a common
manifestation of HCM in human patients, has been
positively correlated with BNP concentration.12,13

Although some of the cats in this study with
moderate or severe HCM did have systolic anterior
motion of the mitral valve, the cats were sedated
at the time of study and so the incidence and
severity of SAM was almost assuredly reduced from
what it would have been had the cats been unse-
dated. Consequently, this variable was not exam-
ined in relation to [NT-proBNP].

Blood obtained for the [NT-proBNP] measure-
ment was performed at a different time than the
echocardiographic examination. Therefore, it
cannot be excluded that some cats had a higher
value due to increased dynamic left ventricular
outflow tract obstruction during blood collection.

Cats were sedated for the echocardiographic
examination but often were not sedated for phle-
botomy. Although there is evidence that BNP can
decrease anxiety there is no evidence that seda-
tion with an anxiolytic such as a phenothiazine
tranquilizer alters [NT-proBNP].26

Since echocardiographic examination to time of
blood collection varied between subjects, it is
possible that HCM classification was different at the
time of blood collection than at the time of echo
examination. However, this group of research cats
has been well characterized echocardiographically
on a yearly basis and followed for years. Cats that
had samples collected before the echocardio-
graphic examination remained within the same
severity group as the previous echocardiogram
(1 year prior) and all cats in the study were over
5 years of age so it is highly unlikely that changes in
disease severity accounted for any error.

Systemic blood pressure was not measured and
so systemic hypertension cannot be definitively
ruled out as the cause of LV wall thickening in
each cat. However, if we had measured systemic
blood pressure we would almost assuredly have
identified some cats with a blood pressure eleva-
tion that was not actually due to systemic
hypertension but rather due to so-called ‘‘white
coat’’ hypertension (i.e., excitement/stress).
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Because of the high rate of false positive diag-
noses of systemic hypertension in this species and
because of the inherent inaccuracy of the tech-
nique overall in cats, we decided not to attempt
noninvasive blood pressure measurement in this
cohort but instead ruled out the most common
causes of true systemic hypertension in cats in our
study groups.
Conclusion

Measurement of [NT-proBNP] has a high sensitivity
and specificity as a means of detecting severe HCM
in cats, but it is not sensitive for the identification
of moderate HCM as judged by the evaluation of
Maine Coon and Maine Coon cross cats in our
colony. Consequently, we conclude that this test
cannot be used to screen cats for the presence of
mild to moderate HCM.
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