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KEY POINTS

� Timely and accurate diagnosis of HCM is essential in combating this global disease im-
pacting the feline population.

� Cardiac biomarkers have the potential to substantially improve screening practices for at-
risk populations.

� Echocardiography is considered the reference standard for diagnosing HCM in cats; how-
ever, advanced imaging methods such as tissue strain, contrast-enhanced echocardiog-
raphy, and cardiac MRI are improving diagnosis, accuracy, and risk-stratification.
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INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is the most common heart disease in cats and is
reported to affect between 15% and 34% of overtly healthy cats.1,2 HCM is character-
ized by concentric hypertrophy resulting in a reduction of left ventricular chamber size,
impaired ventricular relaxation, and increased wall thickness, all of which impede
diastolic filling.3 HCM is a genetic disease and familial HCM has been reported to be
caused by a mutation in myosin binding protein C in Maine coon and Ragdoll cats.4,5

Hallmark histopathologic myocardial lesions in cats with HCM include myofiber
disarray, small coronary arteriosclerosis, and interstitial and replacement fibrosis.6 In
humans with HCM, myocardial interstitial changes can be focal or global with the
potential for reversibility with treatment in early stages.7,8

Identification of left ventricular hypertrophy cannot be used as the sole means for
diagnosing primary HCM. Left ventricular hypertrophy can be primary, the result of
rtment of Veterinary Clinical Medicine, University of Illinois at Urbana-Champaign, 1008
t Hazelwood Drive, Urbana, IL 61802, USA
il address: rfries@illinois.edu

lin Small Anim 53 (2023) 1325–1342
s://doi.org/10.1016/j.cvsm.2023.05.010 vetsmall.theclinics.com
-5616/23/ª 2023 Elsevier Inc. All rights reserved.

http://www.vetsmall.theclinics.com
mailto:rfries@illinois.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cvsm.2023.05.010&domain=pdf
https://doi.org/10.1016/j.cvsm.2023.05.010
http://vetsmall.theclinics.com


Fries1326
genetic HCM, or it can be secondary to other diseases such as systemic hypertension,
hyperthyroidism, acromegaly, pseudohypertrophy, left ventricular outflow (LVOT) tract
obstructions, or transient myocardial thickening.9 Therefore, a wholistic patient-
specific diagnostic workup and management plan must be undertaken. The ability
to distinguishing between primary and secondary HCM is paramount because many
of the secondary causes of HCM are reversible and will dramatically alter both treat-
ment and prognosis. Although beyond the scope of this article, prognosis for cats with
HCM is highly variable across all stages of the disease. The most common sequalae
attributed to HCM are congestive heart failure, arterial thromboembolism, and sudden
cardiac death.10 There is a substantial risk associated with HCM, and a 10-year car-
diovascular mortality rate of approximately 30% of cats.10 Additionally, even in cats
with noncardiovascular death, the presence of preclinical HCM is associated with
significantly greater mortality and shorter survival times.11 Collectively, given the
high prevalence of HCM and the significant morbidity and mortality associated with
its presence, prompt diagnosis and management of this condition is essential.
DISCUSSION
Genetic and Breed Risk Factors

HCM is primarily a disease of middle-aged to older cats but can affect cats of all ages
and all breeds, including mixed breeds. There is no sex-lined heritability pattern for
HCM, although male cats typically account for greater than 70% of cats diagnosed
with HCM in most reports. Breeds considered or suspected to have a higher incidence
of HCM than the general feline population are Maine Coon, American short-haired,
Ragdoll, Persian, Sphynx, British short-haired, Norwegian forest cat, Siberian, Scot-
tish fold, Birman, Himalayan, Chartreux, and Bengal. Testing for HCM-related genetic
markers is available for Maine Coon and Ragdoll breeds and recently Sphynx cats.
Genetic testing should always be interpreted in the context of an individual patient.
Although causative mutations have been identified in some breeds, these mutations
are of variable penetrance, and they do not represent the totality of all possible genetic
causes of HCM.12,13 This has the combined effect of both false positives and false
negatives associated with presence of a genetic mutation. At best, a genetically
affected cat should always have definitive testing, such as an echocardiogram to
determine if HCM is present. Although some cardiologists may not consider breed
alone to be reason enough to pursue additional diagnostics, the author often recom-
mends screening evaluations for high-risk pure-bred cats especially if they are part of
a breeding colony.

Physical Examination

The most commonly identified abnormality on physical examination in cats with HCM
remains auscultatory abnormalities including a systolic heart murmur, a gallop heart
sound, or an irregular heart rhythm. Although these abnormalities may indicate the
presence of heart disease, none is specific for HCM. Of these, gallop or irregular heart
rhythms are most predictive of a cardiac abnormality, whereas functional heart mur-
murs are heard in many cats without identifiable cardiac disease or occur secondary
to a systemic problem (eg, anemia). Importantly, the absence of auscultatory abnor-
malities does not preclude the presence of HCM. In asymptomatic cats, the presence
of a murmur in the general population can be as high as 72% in cats aged older than
9 years; however, the positive predictive value of a murmur identifying HCM never ex-
ceeds 50%.10 Although this may be somewhat disheartening, evidence also indicates
that the lack of a murmur does carry relatively high-negative predictive values (75%–
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100%) depending on the age of the cat.14 Despite these inconsistencies, auscultation
remains the primary method by which cats that may benefit from further testing can be
identified.

Echocardiography

In veterinary medicine, echocardiography is the gold standard test for diagnosing
HCM. It is widely accepted that for HCM to be confirmed, there must be symmetric
or asymmetric left ventricular concentric hypertrophy in the absence of other causes
such as aortic stenosis, systemic hypertension, acromegaly, or hyperthyroidism.
Concentric hypertrophy is defined as end-diastolic left ventricular free wall or interven-
tricular septal thickness of 6 mm or greater, with an equivocal zone from 5.5 to 5.9 mm
(Fig. 1). There is no validation of which cutoff values (>5.5 or > 6 mm) is the most
appropriate for diagnosing the presence of left ventricular hypertrophy and HCM,
although standard practice typically uses a maximal thickness of 6 mm or greater in
any part of the wall segment.15 Importantly, these values must be interpreted on a
patient-specific basis and include the use of breed and weight-based references
values whenever possible.16–18

Currently, the author recommends echocardiography to establish the location of left
ventricular hypertrophy, the presence of systolic anterior motion (SAM) and LVOT
obstruction, diastolic dysfunction, and left atrial size and function including the pres-
ence of spontaneous echo-contrast or a thrombus (Video 1). In veterinary medicine, 2
forms of HCM are routinely described: obstructive and nonobstructive HCM. Although
in humans, there are multiple anatomic variants of HCM, based on the location and
extent of the hypertrophied myocardium. For example, HCM may be described as
reverse curvature septum, the most common form, describes a septum with the con-
vexity to left ventricle (LV) cavity because the cavity has a crescent shape. Neutral
HCM refers to a straight septum. The sigmoid form of HCM involves a basal septum
bulge, with the concavity to the LV cavity; it usually produces SAM. Apical HCM in-
volves the hypertrophy of the apex.19 Each of these phenotypes carries a different
prognosis and treatment regimen, highlighting both the heterogeneity of the HCM
phenotype and more importantly, the need for patient-specific treatment recommen-
dations rather than a one-size-fits-all approach.
Echocardiography provides meaningful information regarding left ventricular sys-

tolic function, which has been shown to be impaired in some cats with HCM. Although
global systolic function assessed by fractional shortening or ejection fraction is mostly
Fig. 1. Right parasternal, short-axis view of the left ventricle using 2D transthoracic imaging
at the level of the papillary muscles. (A) Image from a normal cat and (B) image from a cat
with symmetrical left ventricular concentric hypertrophy. IVS; interventricular septum, LV;
left ventricle, LVPW; left ventricular posterior wall.
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preserved, indices of systolic function measured by strain support an overall
decreased systolic function in cats with HCM.20–22 Impairment of contractile function
in HCM assessed by strain is associated with left ventricular mass but not markers of
extracellular fibrosis.22 This suggests that impairment of contractility in feline HCM is
mediated by mechanisms other than extracellular expansion and is consistent with re-
sults of regional strain imaging in people with HCM.23 Therefore, left ventricular func-
tion should be evaluated by tissue Doppler and strain echocardiography whenever
possible. In humans with HCM, decreased longitudinal strain values are associated
with a more severe form of the disease, as well as an increased risk of major cardio-
vascular events, independent of other echocardiographic criteria while this relation-
ship has not been evaluated in cats with HCM.
HCM and progressive myocardial fibrosis lead to worsening diastolic function in

HCM. Echocardiography and, specifically, spectral and tissue Doppler imaging tech-
niques, involving transmitral flow and mitral annular tissue velocities, are indispens-
able in assessing diastolic function. For an accurate evaluation of diastolic function,
multiple parameters should be assessed, including Doppler of mitral valve inflow,
left atrial size and function, and mitral annular tissue Doppler imaging. Although trans-
mitral flow is highly influenced by loading conditions, heart rate, and other disease
states, tissue Doppler imaging is less sensitive to loading conditions and heart rates.
For these reasons, tissue Doppler imaging is the preferred method for evaluating dia-
stolic function in cats.
Echocardiography provides information about LVOT obstructions and the presence

of SAM. For optimal results, SAM is typically visualized using high temporal resolution
two-dimensional (2D) imaging from the right parasternal inflow outflow or 5-chamber
view (Fig. 2). As a consequence of SAM, mitral valve coaptation is reduced in systole
causing secondary mitral regurgitation proportional with the degree of obstruction.
Spectral Doppler examination of the LVOT can be used to detect hemodynamically
significant obstructions, which the author classifies as greater than 80 mm Hg at heart
rates less than 180 bpm (Fig. 3).
Despite whatmay seem to be a straightforward approach to diagnosing HCM, echo-

cardiography is often inadequate due to poor visualization of all wall segments (apex,
midventricle, base), inadequate delineation of the endocardial surface (especially
with endocardial thickening), leading to overestimation of wall thickness, isolated or
segmental hypertrophy of one region of themyocardium, papillarymuscle hypertrophy,
Fig. 2. Right parasternal, long-axis 5-chamber view using 2D transthoracic imaging. (A) Im-
age demonstrating SAM of mitral valve (red arrow) and (B) SAM of mitral valve (red arrow)
and color Doppler imaging demonstrating turbulent flow in the LVOT tract as well as mitral
regurgitation. Ao; aorta, LA; left atrium, LV; left ventricle.



Fig. 3. Spectral Doppler interrogation of LVOT tract velocities obtained from the left-apical,
5-chamber view. The spectral profiles are dynamic and the average maximum velocity ob-
tained was 4.79 m/s, estimating a severe obstructive gradient of 92 mm Hg at a heart rate
of 155 bpm.
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and a limited number of acoustic windows. As a result of these limitations, hypertrophi-
ed ventricular segments can bemissed, underestimated, or overestimated by echocar-
diography (Video 2). In humans, CMR has become the gold standard evaluation in
patients with HCM because it provides a complete evaluation of both ventricles, wall
thicknesses, characterization of the myocardium, and cardiac volumes with high
spatial and temporal resolution in all planes.24 (Video 3) A recent study in humans
demonstrated the effectiveness of CMR in detecting cardiac hypertrophy over other
imaging methods, with a 1.4% detection of LVH among the supposed healthy general
population, a significantly higher percentage than by echocardiography.25

Biomarkers

The gold standard for the diagnosis of HCM remains echocardiography; however, its
widespread use is limited in many areas, and it is a technically challenging modality.
Advances in cardiac biomarker assays have alternatively allowed for the routine use
in clinical practice for the screening of cardiac disease in cats and diagnosis of respi-
ratory distress secondary to cardiac disease.26–31 Cardiac biomarkers are appealing
in general and specialty practice due to their ease of use, minimally invasive approach,
and increase the availability with national laboratories and point-of-care assays
available.
Biomarkers are defined as a characteristic that is objectively measured and evalu-

ated as an indicator of a normal biologic process, pathogenic process, or response to
intervention. These are most useful when they are directly proportional to the change
in status or amount of injury that has occurred. Multiple sensitive and specific cardiac
biomarkers have been evaluated in a healthy patients and patients with various car-
diac diseases in cats including N-terminal pro-Brain type natriuretic peptide (NT-
proBNP), cardiac troponin I (cTnI), and recently, galectin-3 (Gal-3).28–32

The most widely used biomarker to aid in the diagnosis of HCM is NT-proBNP.
B-type natriuretic peptide (BNP) is a hormone, released by cardiomyocytes, resulting
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in natriuresis, diuresis, and vasodilation.33 The secretion of BNP is significantly upre-
gulated in cardiac disease and heart failure in response to myocyte stress and stretch
from increased volume and pressure.34 The hormone BNP is secreted as a prohor-
mone (proBNP) and cleaved by furin into the active BNP hormone and an inactive
NT-proBNP.33 The more stable analyte, NT-proBNP, has a significantly longer half-
life than BNP or proBNP and thus is the more ideal diagnostic marker to assess the
magnitude of myocardial wall stress or stretch.35 In feline patients, quantitative NT-
proBNP has been used in the clinical setting to differentiate between cardiac and
pulmonary disease for patients presenting with respiratory signs and to increase the
likelihood of identifying patients with moderate-to-severe preclinical or occult cardiac
disease.26,27,36,37 Several studies have investigated the ability of NT-proBNP to iden-
tify cats with subclinical disease and have determined that a cutoff of greater than 100
pmol/L yields the most clinically useful results.37 Furthermore, an NT-proBNP concen-
tration greater than 270 pmol/L can accurately distinguish between cardiogenic and
noncardiogenic causes of respiratory clinical signs.28 Although this biomarker can
be an asset to any veterinarian, its sensitivity and specificity and ultimately negative
and positive predictive values are substantially improved by patient selection (see
“Physical examination” risk factors section). Importantly, indiscriminate testing of all
apparently healthy cats, especially those without a risk factor, should be avoided
because the rate of false-positive results, and thus normal echocardiograms, is
increased due to the lower prevalence of HCM within the population. Rather, it is rec-
ommended to use targeted testing of cats with an increased likelihood of disease,
based risk factors, to reduce the rate of false positives and improve the positive
predict value of the test. Table 1 summarizes the current use of NT-proBNP in the
clinical setting. Although NT-proBNP is elevated in cats with occult or overt HCM, it
is not specific to HCM and a confirmatory test, such as echocardiography or cardiac
MRI (CMR), will be necessary to make the final determination as to the underlying
cardiomyopathy.
Although NT-proBNP has become the most widely used and available biomarker for

HCM screening, a significant amount of research has gone into the study of cTnI in the
assessment of cardiac diseases in cats.38–40 Cats with HCM have significantly higher
serum cTnI concentrations than do healthy control cats, and a correlation exists be-
tween left ventricular free wall thickness and the serum concentration of cTnI.39–42
Table 1
Current use for the cardiac biomarker N-terminal pro-Brain type natriuretic peptide in the
clinical setting for both quantitative and SNAP enzyme-linked immunosorbent assay (ELISA)
assays

Clinical Indication NT-proBNP Result SNAP Result Interpretation

Cat with respiratory signs
possibly attributable to
heart failure

<100 Normal Heart failure not supported
100–270 Abnormal Heart failure possible and

additional testing or
therapeutic trial should
be pursued

>270 Heart failure highly likely

Asymptomatic cat with
cardiac risk factors
(eg, murmur, arrhythmia,
gallop heart sound)

<100 Normal Heart disease should not be
considered

>100 Abnormal Heart disease highly likely,
recommend
confirmatory testing (eg,
echocardiogram, MRI)
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High sensitivity cTnI assays compare favorably with NT-proBNP as a screening test to
differentiate healthy cats and cats with HCM. A proposed cutoff of greater than
0.06 ng/mL provides a high degree of sensitivity and specificity at differentiating
healthy cats from cats with HCM.42 As such, cTnI is useful in identifying patients
who should undergo further cardiac evaluation and severely elevated cTnI is a predic-
tor of adverse cardiac outcomes in cats with HCM.43

FUTURE DIRECTIONS
Cardiac Magnetic Resonance Imaging

Echocardiography is the noninvasive reference standard for the diagnosis of HCM in
cats; however, it does have 2 major limitations. Due to the 2D nature of echocardiog-
raphy, focal regions of hypertrophy or thinning can be missed during routine echocar-
diography. Moreover, echocardiography has little to no value in assessing myocardial
fibrosis, an important prognostic indicator in people with HCM. The final common
endpoint of irreversible fibrosis has been linked to an increased risk of cardiac com-
plications.44 This link has not been established in cats with HCM at this time. Cardiac
magnetic resonance imaging (CMR) can be used to noninvasively assess myocardial
fibrosis using late gadolinium enhancement (LGE); however, quantitative evaluation is
limited.45–48 Calculation of LGE and myocardial contrast enhancement has been per-
formed in 26 Maine coon cats with mild-to-severe HCM without heart failure and 10
normal control cats. Only one cat with HCM had obvious evidence of delayed
enhancement, and there was no difference in myocardial contrast enhancement be-
tween normal cats and cats with HCM.49 This study supports the conclusion that
contrast-enhanced sequences can detect myocardial fibrosis if there is a large focal
area; however, identification and characterization of enhancement patterns is subjec-
tive and susceptible to interobserver and intraobserver variability in quantitative anal-
ysis.50 Traditional LGE images are most useful for evaluation of focal diseases, where
normal myocardium can be used as a standard of reference and a pattern of enhance-
ment can be detected (Fig. 4). Diffuse fibrosis may go undetected on qualitative im-
ages if gadolinium uptake is uniform.45

One method to overcome the limitation of LGE to detect diffuse fibrosis is quantita-
tive myocardial mapping. T1 mapping measures the longitudinal or spin-lattice relaxa-
tion time, which is determined by how rapidly protons reequilibrate their spins after an
excitation radiofrequency pulse. All tissues have inherent T1 relaxation times that are
based on a composite of their cellular and interstitial components (eg, water, protein,
fat, and iron content).45 At a fixedmagnetic field strength, the native T1 values of normal
tissues fall within a predictable range.51 The 2 most important biological determinants
of an increase in native T1 values are edema from increased tissuewater and increased
interstitial space from fibrosis.52 Native T1 values are a composite signal of myocytes
and extracellular volume (ECV), whereas contrast-enhanced T1 mapping can specif-
ically calculate the ECV fraction (Fig. 5). Gadolinium-based contrast agents are distrib-
uted throughout the extracellular space and shorten T1 relaxation times of the
myocardium proportional to the local concentration for gadolinium.53 Areas of fibrosis
and scar will therefore exhibit shorter T1 relaxation times, particularly after contrast
administration.54 Estimation of the ECV (interstitium and extracellular matrix) requires
measurement of myocardial and blood T1 values before and after the administration
of contrast agents, as well as the patient’s hematocrit value according to the formula:

ECV 5 ð1� haematocritÞ
1

post contrast T1 myo
� 1

native T1 myo

1
post contrast T1 blood

� 1
native T1 blood



Fig. 4. LGE obtained via CMR in a 11-year-old Sphynx cat with preclinical HCM. The pattern
demonstrates a discrete area of midwall enhancement (arrows) in the interventricular
septum, left ventricular apex, and posterior free-wall at the midventricular 4-chamber
view. IVS; interventricular septum, LA; left atrium, LVPW; left ventricular posterior wall.

Fig. 5. CMR of the left ventricle, obtained in short-axis at the level of the papillary muscles
at end-diastole. (A) Balanced steady-state precession, (B) T1 native map of the left ventricle,
and (C) T1 postcontrast map of the left ventricle. These images can be used to noninvasively
quantify ECV fraction (ie, interstitial fibrosis).

Fries1332
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Normal ECV values have been reported in healthy individuals and in humans with a
variety of myocardial diseases. Apart from amyloid, which has not been reported in
cats, an increased ECV is most often due to excessive collagen deposition and is
thus amore robust measure of diffuse or focal myocardial fibrosis than LGE.52 Further-
more, ECV is highly correlated with histologic measures of collagen and fibrosis elim-
inating the need for invasive myocardial biopsy.55

The use of CMR to evaluate HCM in people has determined that native T1 values are
prolonged in HCM and correlate with wall thickness, suggesting that it is a marker of
disease severity.56,57 Patients with HCM have reduced myocardial T1post values
consistent with the presence of diffuse interstitial fibrosis outside areas of LGE. Inter-
estingly, ECV can be used in the differential diagnosis of HCM versus athletic remod-
eling, particularly in those subjects in the gray zone of wall thickness.58 Additionally,
abnormal T1 values have been correlated with an increased ventricular filling pressure
measured noninvasively with echocardiography in HCM, suggesting that diffuse
fibrosis may play an important role in the pathophysiology of diastolic dysfunction.59,60

Increased ECV has been shown to correlate with impaired diastolic function in patients
with HCM but not systolic heart failure, suggesting a more predominant role of inter-
stitial fibrosis in diastolic dysfunction.61 T1 mapping and ECV assessment have the
advantage of assessing fibrosis noninvasively and can detect diffuse fibrosis more
accurately than LGE. One recent study demonstrated that CMR measures of the car-
diac fibrosis (native T1 and ECV) are obtainable in cats, with acceptable repeatability,
and are significantly different between healthy and HCM cats22 (Fig. 6). In this study,
cats with HCM had increased native T1 times and ECV compared with normal cats,
and ECV was significantly correlated with diastolic function and left atrial size. Unlike
in humans, markers of fibrosis derived from CMR were not correlated with wall thick-
ness. In cats, fibrosis was independent of LV mass and echocardiographic derived
wall thickness, illustrating the importance of fibrosis on diastolic function and the
inability of linear wall thickness measurements from echocardiography to predict
diffuse fibrosis. The relationship between ECV and diastolic dysfunction occurs in
Fig. 6. Image of T1mapping results in 2 cats with high-native versus low-native T1 values. (A)
T1map in a cat with hypertrophic cardiomyopathy, the T1 time is 1240milliseconds, the ECV is
32.3%,and the left ventricularmass is 15.3g. (B) T1map inahealthy cat, theT1 time is 1132mil-
liseconds, the ECV is 23.4%, and left ventricular mass is 7.5 g.



Fries1334
people with clinical heart failure and asymptomatic HCM.60,62,63 Additionally, in
humans abnormal ECV values have been correlated with increased ventricular filling
pressure measured noninvasively with echocardiography in HCM, suggesting that
diffuse fibrosis plays an important role in the pathophysiology of diastolic dysfunc-
tion.59,60 Although this study establishes CMR has a viable diagnostic modality for
the evaluation of HCM in cats, larger prospective studies are necessary to validate
the effect of ECV on prognosis and its ability to improve early screening for cats
with HCM.

Galectin-3

Although CMR has promise as a diagnostic modality in the diagnosis and prognosis of
HCM, its considerable technical expertise, cost, and availably will limit its widespread
use. New biomarkers such as gelctin-3 (Gal-3) show promise in additional evaluation
of cats with HCM. It remains to be seen what the role of Gal-3 in feline HCM will be. In
humans with HCM, increasing myocardial fibrosis has been associated with worse
outcomes in HCM, including increased risk of congestive heart failure, hospitalization
events, and mortality.64 Evaluation of myocardial fibrosis in humans is accomplished
with both CMR and cardiac biomarkers. Gal-3 has been found to be correlated with
myocardial fibrosis as determined by LGE and ECV using CMR, making it useful as
a biomarker for risk-stratification of patients with known heart disease.65–71 To date,
no such biomarker exists in cats.
Gal-3 is a beta-galactoside binding lectin secreted by macrophages and is thought

to play a role in the continued pathogenesis of HCM by promoting profibrotic path-
ways and stimulation of cardiac fibroblast proliferation and extracellular matrix depo-
sition.72,73 Gal-3 is thought to be a mediator of aldosterone-induced vascular and
myocardial fibrosis and is upregulated in response to aldosterone secretion.74,75 Mal-
adaptive activation of the renin-angiotensin-aldosterone axis is a well-known compo-
nent of the pathophysiology of heart failure and cardiac remodeling.8 Blunting this
response is an important part of the management of heart failure in both humans
and veterinary species. Gal-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 using CMR.65,66 In humans, increasing myocardial
fibrosis is associated with worsened outcomes in heart failure, and Gal-3 has subse-
quently been found to be predictive of cardiac remodeling and adverse cardiac
events, leading to Federal Drug Administration (FDA)-approval of Gal-3 as a useful
biomarker in identifying high-risk patients as part of an initial cardiac evaluation.64

Current approaches to risk-stratifying cats with HCM largely depends on echocar-
diographic indices of myocardial remodeling, particularly ones that are already sug-
gestive 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.2

Although these findings are useful in late stages of disease, monitoring progression re-
quires repeated echocardiographic studies, which is frequently a financial and prac-
tical obstacle for owners. Furthermore, even with echocardiographic evaluation,
prognostication is still imprecise. A biomarker reflecting the progression of underlying
fibrosis, which cannot be evaluated by echocardiography, has the potential to
augment prognostic abilities and improve overall management of HCM in cats as
well as permit a nonimaging-based approach to monitoring disease progression.
In a recent pilot study of 80 cats, Gal-3 was expressed in cats and could discrimi-

nate between cats with underlying HCM and cats with structurally normal hearts.
There was a significant correlation between CMR-derived measurements of ECV
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and circulating Gal-3 levels mirroring earlier studies conducted in humans32 (Fig. 7).
Thus, Gal-3 seems to have potential value as a cardiac biomarker in patients with
HCM and future studies evaluating the relationship between Gal-3 and myocardial
fibrosis and most importantly patient outcomes are warranted.

Advanced Echocardiography

Echocardiographic diagnosis of HCM is straightforward when the disease is severe;
however, even skilled operators may not agree on the diagnosis for patients who
are mildly or moderately affected. This is because the diagnosis relies on measure-
ments that require excellent repeatability and reliability. In awake cats, it has been
established that both intraobserver and interobserver variation is common with echo-
cardiography and can vary by up to 20% among colleagues.76 Furthermore, the het-
erogeneity of the left ventricular wall thickness can make echocardiographic
assessment challenging, possibly resulting in misdiagnoses and those with borderline
left ventricular wall thicknesses labeled as equivocal. Upper limits for normal left ven-
tricular diastolic wall thickness are commonly debated, and it is generally accepted
that an average-sized adult cat should have a left ventricular free wall and interventric-
ular septum of less than 5mm, and any measurement of 6 mm or greater is considered
affected.9 Importantly, veterinary cardiology does not have an established echocardi-
ography protocol for cats with known or suspected HCM, unlike in human cardiology,
and diagnosis may be improved if such guidelines were followed.
Repeatable and reliable measurements of the left ventricular wall can be difficult to

obtain due to irregularities of the endocardial wall, intracavitary structures, and prom-
inent papillary muscles. Contrast-enhanced echocardiography has been used in
human patients with HCM to optimize visualization of the left ventricular wall bound-
aries and has been shown to provide greater accuracy than standard echocardiogra-
phy when compared with CMR for certain HCM phenotypes (Fig. 8). Additionally,
contrast-enhanced echocardiography demonstrated superior intraobserver and inter-
observer variability compared with standard echocardiography.77 Left ventricular
contrast agents such as Lumason (sulfur hexafluoride lipid-type A microspheres) are
readily available and have been safely used in healthy and HCM cats, including cats
with congestive heart failure.78–80 Studies are needed to determine if these contrast
agents can increase the sensitivity of echocardiography while improving the repeat-
ability and reproducibility of wall thickness measurements.
Fig. 7. Linear regression scatter diagram comparing ECV fraction with serum Gal-3 levels in
cats with preclinical hypertrophic cardiomyopathy. There was a strong positive relationship
(r2 5 0.81, P < .0001). ECV; extracellular volume fraction, Gal-3; galectin-3.



Fig. 8. Right parasternal, short-axis view of the left ventricle using 2D transthoracic (A) and
contrast-enhanced (B) imaging at the level of the papillary muscles. The interventricular
septum measured thicker, leading to a diagnosis of equivocal in the standard echocardio-
gram compared with contrast-enhanced measurements.
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Strain imaging is used to determine the focal lengthening, shortening, or thickening of
a myocardial segment at a specific time point during the cardiac cycle. Speckle-
tracking echocardiographymeasuresmyocardial deformation using the natural acous-
tic markers in gray scale echocardiographic images, which form speckles in the
myocardium. The displacement of these speckles can be measured frame by frame
in an angle-independent manner, and as a result, a displacement curve can be pro-
duced for any specific myocardial segment during a complete cardiac cycle. Myocar-
dial strain and strain rate can be quantified successfully in longitudinal, radial, and
circumferential directions.4 Although speckle-tracking strain has been implemented
in cats with HCM, opportunities exist to explore the prognostic value of this imaging
modality.81 In humans, lower longitudinal strain is associated with an increased risk
of sudden cardiac death, heart failure, ventricular dyssynchrony, and ventricular
arrhythmias.

SUMMARY

Many cats with HCM are asymptomatic and identified incidentally or because of
screening. Although many cats with HCM have a systolic murmur, physical examina-
tion findings are often not sufficient to rule in or out HCM. Cardiac biomarkers, most
notably NT-proBNP, have significantly improved the nonimaging-based screening
practices in primary care and referral veterinary centers. However, cardiac imaging
plays an essential role in diagnosis and clinical decision-making for cats with HCM.
Echocardiography is the primary imaging modality in most cats, with CMR offering
complementary information and as an alternative to echocardiography for selected
cats in whom the echocardiogram is inconclusive. CMR imaging is well suited for char-
acterizing the diverse phenotypic expressions of HCM, providing diagnosis, tissue
characterization, and potentially a novel approach to risk prediction. Important infor-
mation to be gained from imaging includes establishing the diagnosis (or excluding
alternative diagnoses), evaluating the severity of the phenotype, and evaluating for
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concomitant structural and functional cardiac abnormalities (eg, systolic, diastolic,
valvular function). Documentation of the maximal wall thickness, cardiac chamber
dimensions, systolic function, and the presence of left atrial thrombus or spontaneous
echo-contrast all inform phenotype severity and risk stratification. Advances in
echocardiography, such as tissue speckle-tracking and contrast-enhanced imaging,
show promise in improving the diagnostic accuracy and potentially allowing for earlier
diagnosis of HCM in cats. The hope is that with continued research and development
of new modalities for evaluating HCM, our knowledge gap will reduce and allow
for improvements in diagnosis, risk-stratification, clinical trial development, and
therapeutics.

CLINICS CARE POINTS
� Echocardiography is required for the diagnosis of HCM.

� Mild subclinical disease is difficult to distinguish from normal in many cats.

� Cardiac biomakers compliment but cannot replace imaging for the diagnosis HCM.

� The phenotype of primary genetic HCM and secondary HCM is identifical, therefore
additional diagnostics such as blood pressure and thyroxine levels should be performed
concurrently.
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