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J/CLINICAL REVIEW

THE FELINE CARDIOMYOPATHIES
1. General concepts

Practical relevance: The feline cardiomyopathies are the most prevalent type of heart
disease in adult domestic cats. Several forms have been identified (see Parts 2 and 3),
with hypertrophic cardiomyopathy (HCM) being the most common. Clinically the cardiomyopathies

characteristic physical examination findings (eg, heart murmur, gallop sound), or radiographic
cardiomegaly. Cats with severe disease may develop signs of heart failure (eg, dyspnea,
tachypnea) or systemic arterial thromboembolism (ATE; eg, pain and paralysis). Sudden death is possible.
Treatment usually does not alter the progression from subclinical to clinical disease and often the treatment
approach, once clinical signs are apparent, is the same regardless of the type of cardiomyopathy.

However, differentiating cardiomyopathy from normal variation may be important prognostically.

Patient group: Domestic cats of any age from 3 months upward, of either sex and of any breed, can be
affected. Mixed-breed cats are most commonly affected but certain breeds are disproportionately prone

to developing HCM.

Diagnostics: Subclinical feline cardiomyopathies may be suspected based on physical examination findings,
thoracic radiographs and cardiac biomarker results but often the disease is clinically silent. The definitive
clinical confirmatory test is echocardiography. Left heart failure (pulmonary edema and/or pleural effusion)
is most commonly diagnosed radiographically, but point-of-care ultrasound and amino terminal pro-B-type
natriuretic peptide (NT-proBNP) biomarker testing can also be useful, especially when the stress of taking
radiographs is best avoided.

Key findings: Knowledge of pathophysiological mechanisms helps the practitioner identify the feline
cardiomyopathies and understand how these diseases progress and how they manifest clinically
(heart failure, ATE). Existing diagnostic tests have strengths and limitations, and being aware

of these can help a practitioner deliver optimal recommendations regarding referral.
Conclusions: Several types of feline cardiomyopathies exist in both subclinical (mild

to severe disease) and clinical (severe disease) phases. Heart failure and ATE are the
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most common clinical manifestations of severe cardiomyopathy and are therapeutic
targets regardless of the type of cardiomyopathy. The long-term prognosis is often
guarded or poor once overt clinical manifestations are present.

Areas of uncertainty: Some cats with presumed cardiomyopathy do not have

echocardiographic features that fit the classic cardiomyopathies (cardiomyopathy
- nonspecific phenotype). Although no definitive treatment is usually available,
understanding how cardiomyopathies evolve remains worthy of investigation.
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Classification

A cardiomyopathy is classically defined as a
primary disease of the heart muscle (myocardi-
um).'? In general, the myocardium becomes
weak, thick, stiff or a combination of these
due to a disease inherent to the myocardium.
‘Primary’ means the disease is an intrinsic
condition of the myocardium, which in humans
is usually heritable/genetic, and is not caused
by (secondary to) any disease process that is not

3. Cardiomyopathies other than HCM
DOI: 10.1177/1098612X211030218
The material presented in this series of articles is based on

an extensive literature review, and the experience of the

authors. A collection of audio (auscultation) and video

(physical examination, echocardiogram) material
is appended online.

inherent to the myocardium.

Thus, for example, left ventric-

ular (LV) hypertrophy secondary

to aortic stenosis, hyperthyroidism,

systemic hypertension or acromegaly is not

a cardiomyopathy.*>* However, the lines between
what is primary and what is secondary can be
blurred. For example, taurine deficiency is not
a problem inherent to or limited to the
myocardium, yet it causes what is termed
dilated cardiomyopathy. While a term such as
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ABBREVIATIONS
%= ACE = angiotensin-converting %= LA:Ao = left atrial diameter
enzyme to aortic root diameter ratio
£ ALT = alanine aminotransferase <= LV = left ventricle or left ventricular
%= ARVC = arrhythmogenic right <= LVNC = left ventricular
ventricular cardiomyopathy noncompaction
%= AST = aspartate < LVWD = left ventricular wall

aminotransferase

BUN = blood urea nitrogen

CK = creatine kinase

CKD = chronic kidney disease
cTn | = cardiac troponin |

DCM = dilated cardiomyopathy

==

- - = - - = -

ECG = electrocardiogram

or electrocardiographic

GFR = glomerular filtration rate
HCM = hypertrophic
cardiomyopathy

£ LA = left atrium or left atrial

L=

‘taurine-deficient myocardial failure” is more
descriptive, it is also longer and flouts convention
and so ‘dilated cardiomyopathy (due to tau-
rine deficiency)’ is generally used.® As another
example, doxorubicin causes myocardial fail-
ure (a decrease in contractility) and is com-
monly termed ‘doxorubicin cardiomyopathy’
or ‘doxorubicin-induced cardiomyopathy’.®
Consequently, some clinician scientists use the
terms primary and secondary cardiomyopathy.”

Categorization in humans differs slightly
depending on the organization describing it
(eg, World Health Organization, American
Heart Association, European Society of
Cardiology), but, in general, consists of dilated
cardiomyopathy (DCM; weak myocardium),
hypertrophic cardiomyopathy (HCM; thick,
stiff myocardium), restrictive cardiomyopathy
(RCM; stiff myocardium) and arrhythmogenic
right ventricular cardiomyopathy (ARVC;
myocardial deterioration and replacement).®?
Subcategories and synonyms of these categories
exist in both human and veterinary medicine.
While it is possible that atrial myopathies exist
in cats (eg, persistent atrial standstill), all the
classic feline cardiomyopathies refer to ventric-
ular (left or right) cardiomyopathies.!®!! In
cats, left heart failure is much more common.
Right heart failure primarily occurs with ARVC.

In addition to the common forms of cardiomy-
opathy, in humans there are several uncommon
forms, including left ventricular noncompaction
(LVNCQC).12 At times, in humans, these have been
placed in a category called unclassified cardiomy-
opathy. This term has also been used differently
and inconsistently in veterinary medicine, main-
ly as a catch-all category to describe a cat with an
abnormal echocardiographic pattern that does
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width in diastole
ATE = arterial thromboembolism == NCM = cardiomyopathy —
nonspecific phenotype
NT-proBNP = amino terminal
pro-B-type natriuretic peptide
<= PE = pulmonary edema
<= PLE = pleural effusion
DV = dorsoventral %= RCM = restrictive cardiomyopathy
<= RR = respiratory rate
<= SDMA = symmetric
dimethylarginine
<= VD = ventrodorsal
<= VPC = ventricular premature
complex

With a
cardiomyopathy
the
myocardium
becomes weak,
thick, stiff or a
combination of
these due to
a disease
inherent to the
myocardium.

not fit the structural and functional features (phe-
notypes) of the common cardiomyopathies or
congenital malformations. It was originally used
to describe cats that have a large left atrium (LA)
and a normal-appearing left ventricle (LV) with-
out demonstrably abnormal diastolic function,
but it has been used more broadly since then.!¥14
The most recent recommendation has been to
abandon this category of ‘unclassified’ because it
includes cats with so many different echocardio-
graphic changes that no one knows what each
cat’s heart might look like if only that term is
provided. The current recommendation is to say
that such a cat has cardiomyopathy — nonspecific
phenotype (NCM) and then to describe exact-
ly what is seen echocardiographically.>15

Up until 1987, when taurine deficiency
was identified as a cause of DCM in cats, and
1990, when the first mutation that causes
HCM in humans was discovered, the etiology
of most cardiomyopathies in all species was
unknown.>' Since then, in humans, thousands
of mutations in dozens of genes have been iden-
tified that cause cardiomyopathy.>!718 These pri-
marily consist of mutations in genes that code for
myocardial proteins, including sarcomeric (con-
tractile apparatus), cytoskeletal (cellular scaffold)
and mitochondrial proteins. Mutations in the
same gene can cause different phenotypes (eg,
mutations in the myosin heavy chain gene can
cause HCM or DCM), and mutations in different
genes can cause the same cardiomyopathy
(eg, mutations in the myosin heavy chain gene
and in the myosin binding protein C gene both
cause HCM)."” This diversity of genes and
their mutations means that a cardiomyopathy
like HCM probably represents a final common
pathway for many distinct disease subtypes,
each of which has its own pathophysiology,
rate of progression and prognosis.*® Mutations
in genes encoding components of the sarcomere,
Z-band, nuclear membrane, desmosome, mito-
chondria and calcium-handling proteins have all
been found in humans with cardiomyopathy.2?
In domestic cats the causes of almost all cardio-
myopathies remain unsolved. The exceptions are
taurine deficiency causing DCM and two breed-
specific myosin binding protein C mutations that
cause HCM in Maine Coon and Ragdoll cats.>%

The cardiomyopathies classically cause
changes in cardiac anatomical structure and
mechanical function. In humans, numerous gene
mutations also cause ion channel abnormali-
ties and, in turn, electrical abnormalities in the
myocardium that result in electrocardiographic
(ECG) changes, notably arrhythmias. They are
often termed channelopathies.?® They have
also more recently been added to the cardiomy-
opathy classification scheme in humans.® None
of these ion channel abnormalities has been iden-
tified in cats, although one family of dogs with
a heritable channelopathy has been described.?



Most cats with

cardiomyopathy

have subclinical
disease (stage B)
that can only be

confirmed via

echocardiography.

Staging

Cats present in different prognostic stages of
disease (see box).2 Some cats present for exam-
ination because they belong to a breed known
to be predisposed to a particular type of car-
diomyopathy, most commonly HCM, but have
no identifiable evidence of cardiomyopathy
on physical examination. This is stage A.
Most cats with cardiomyopathy have mild,
moderate or severe disease detectable via
echocardiography but are subclinical, mean-
ing they are showing no overt clinical mani-
festations of heart failure, thromboembolism
or syncope. This is stage B. Cardiomyopathy
severity can be judged at both the level of the
affected ventricle and at the level of the affected
atrium. For example, a cat with HCM can have
a severely thickened ventricle but no or only
mild LA enlargement. Since it is the degree of
atrial enlargement that seems to contribute the
most to prognosis, it is atrial enlargement that
is used for staging the disease. Stage B is divided
into B1 and B2, where cats with no to mild left
or right atrial enlargement are in stage B1 and
cats with moderate to severe atrial enlargement
are in stage B2. In general, cats in stage B1 are
not at high risk of developing heart failure or
aortic thromboembolism (ATE) in the ensuing
months to few years (eg, only 7% of cats with
subclinical HCM die of their cardiovascular
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disease within 1 year of diagnosis; 5- and 10-year
cardiac mortality rates are 23% and 28%, respec-
tively), meaning many of these cats stay in a
subclinical stage for years, and often for life.?
Cats in stage B2 are at higher risk and may
require medical intervention, such as clopido-
grel administration, to try to prevent a thrombus
from forming in a severely enlarged left auricle.
They should also be monitored for heart failure
(eg, the owner may be instructed to monitor the
cat’s sleeping respiratory rate [RR] periodically).
Stage C is reserved for cats in left heart fail-
ure (pulmonary edema [PE] and/or pleural
effusion [PLE]) or right heart failure (ascites
and/or PLE), or those that have experienced
ATE. By convention, once a cat is in stage C it
stays in stage C, rather than moving back to
stage B if the heart failure or thromboembolic
disease is being successfully treated and clini-
cal signs have resolved. Most, although not all,
cats in stage C will eventually die from their
cardiomyopathy due to relapsing / progressive
clinical signs, and so have a terminal disease.
However, their quality of life can be good for
months and sometimes a year or two if they
are treated appropriately and respond well.
Stage D is reserved for those cats that have
become refractory to a loop diuretic (eg, >6
mg/kg/day furosemide).? They usually have
terminal disease and most live days to months,
with occasional cats having longer survival.

Classification system for staging heart disease/failure in cats with cardiomyopathy

B1
Normal echocardiogram Subclinical Subclinical
Predisposed Low risk Higher risk

Clinical
Refractory CHF

Note that a cat that is predisposed but otherwise normal (stage A) may be indistinguishable from a cat with subclinical disease
(stage B) on physical examination (top row of images). The echocardiogram from a cat in stage B1 has overt echocardiographic
evidence of a cardiomyopathy and no to mild left atrial enlargement. Note also that the echocardiogram from a cat with advanced
subclinical disease (stage B2; moderate to severe left atrial enlargement) could be indistinguishable from a cat in heart failure
(stages C and D; bottom row of images). CHF = congestive heart failure; ATE = arterial thromboembolism
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Prevalence

The cardiomyopathies are by far the most
common form of heart disease in domestic
cats. For example, a prospective study of
cardiac biomarkers in 425 cats identified a
ratio of myocardial disease to congenital heart
malformations of 23:1.7” An echocardiograph-
ic study of 780 cats in rehoming shelters
revealed 115 cases of HCM and four congeni-
tal cardiovascular malformations (29:1).28

Of the cardiomyopathies, HCM is the most
prevalent in cats referred for an echocardio-
gram, representing approximately 60% of
cases (see Part 2).” RCM and NCM pheno-
types constitute 20-30% (see Part 3). DCM
and ARVC are rare (see Part 3). In apparently
healthy cats screened for cardiomyopathy,
HCM is by far the most prevalent.”®
Historically, in humans it has been estimated
that 1 in 500 people are affected with HCM,
although more recent evidence suggests it
may be much higher (1 in 200 to 1 in 70).33!
In cats it appears to be closer to 1 in 7, based
on screening for HCM echocardiographical-
ly.232 The prevalence of HCM severe enough
to result in clinical signs and death is
largely unknown. In Maine Coons, most cats
homozygous for the mutation that causes
HCM in that breed will develop severe HCM
and so will be at risk for serious sequelae,
while those that are heterozygous for the muta-
tion will not.** While 30-40% of Maine Coons
have the mutation, only around 3-5% of Maine
Coon cats are homozygous for that mutation.3*

Presentation

Subclinical cardiomyopathy
Cats with subclinical cardiomyopathy often
go undetected. However, some are diagnosed
via echocardiography because they are
screened for the disease, most commonly as
part of a breeding program, or have an auscul-
tatory abnormality such as a heart murmur,
gallop sound or arrhythmia. Some may be
identified when screening for a cardiomyopa-
thy using a cardiac biomarker test (eg, amino
terminal pro-B-type natriuretic peptide
[NT-proBNP] or cardiac troponin I [cTn IJ).
A few are identified incidentally when tho-
racic radiographs reveal a left auricular bulge
(see Figure 2b later) on a ventrodorsal (VD) or
dorsoventral (DV) radiograph (valentine-
shaped heart).® Cats with severe HCM,
RCM and DCM can all have a left auricular
bulge when the LA is severely enlarged and
cardiomyopathy type is indistinguishable
radiographically.

The most common reason a cat with
subclinical cardiomyopathy is presented
for cardiac diagnostic evaluation is for an
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A heart murmur in a cat is a much less
reliable indicator of structural heart disease
than, for example, a heart murmur in
a dog with mitral regurgitation.

incidentally identified soft to moderately loud
left parasternal or sternal systolic heart mur-
mur (supplementary files 1 and 2 — see list on
page 1023). However, many cats with subclin-
ical cardiomyopathy do not have a heart mur-
mur and, conversely, many cats (~25-33%)
that have a left parasternal systolic heart mur-
mur, which is most commonly soft (grade
1-2), do not have cardiomyopathy.?#3237-39 For
example, a cat with a normal heart can have
dynamic right ventricular outflow tract
obstruction, a benign flow disturbance.**4!
Consequently, a heart murmur in a cat is a
much less reliable indicator of structural heart
disease than, for example, a heart murmur in
a dog with mitral regurgitation.

Some cats with subclinical cardiomyopathy
present with an arrhythmia, the most common
of which is ventricular premature complexes
(VPCs; also known as premature ventricular
complexes — PVCs). In cats, ventricular
hypertrophy makes the myocardium more
susceptible to arrhythmias including VPCs
and ventricular fibrillation (Figure 1).2 While
only approximately 7% of cats with sub-
clinical HCM have VPCs on a resting ECG at
the time of diagnosis, almost all cats diag-
nosed with a ventricular tachyarrhythmia
(VPCs, ventricular tachycardia) on a resting
ECG have some form of subclinical or clinically
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Figure 1 Electrocardiogram from a cat with HCM. There are multiform ventricular premature
complexes (complexes 3, 4 and 5) followed by non-sustained ventricular tachycardia
(complexes 9 through 22). Simultaneously recorded leads |, II, lll; 50 mm/s




Figure 2 (a) Right lateral radiograph from a cat with PE due to left heart failure
from RCM. The densest infiltrate lies between the cardiac silhouette and the
diaphragm. (b) Ventrodorsal radiograph from the same cat. There is a left
auricular bulge at the 1 o’clock to 2 o’clock position indicating the cat has
severe left atrial enlargement

apparent cardiomyopathy.?*4  Ventricular
tachyarrhythmias are more common in cats
with subclinical and clinical HCM than in
normal cats when they are examined with a
Holter monitor (24-h ambulatory ECG).44°
Atrial and ventricular tachyarrhythmias are
common in cats with ARVC.#® Cats with
cardiomyopathies other than HCM also fre-
quently have VPCs when examined via a
Holter monitor.” These are most commonly
single and uniform. They only rarely show
up on a resting ECG. Third degree atrio-
ventricular block has been described in cats
with HCM but it also occurs in adult to older
cats with no structural heart disease and so
may be coincidental.*8-50

Clinical cardiomyopathy

Most cats with severe, clinically apparent
left-sided cardiomyopathy present in left
heart failure or with ATE regardless of
the type of cardiomyopathy. Left heart failure
in cats causes PE and/or PLE, and leads
to affected cats presenting with tachypnea
(see box), and many with dyspnea (supple-
mentary files 3 and 4).#% Hypothermia (due
to low cardiac output) is also common.>*%” The
exception to left-sided predominance of heart
failure in cats with cardiomyopathy is ARVC.
These cats present with right heart failure,
which manifests as ascites and / or PLE.48

Diagnosing tachypnea
Tachypnea in the examination room is defined as
an RR >36 breaths/min.5" At home when a cat is

asleep, an RR >30 breaths/min is considered
diagnostic for tachypnea, although a few normal
cats will have a sleeping RR in the 30s.5253
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In cats with HCM and respiratory distress
(dyspnea), PE is more often responsible for
the respiratory signs than is large-volume PLE
(86% vs 14%, respectively, in one study®)
(Figure 2). In the authors’ experience, the
severity of dyspnea is greater in cats with PE
than in those with a comparable degree of
PLE, especially when the PLE is chronic.

While some cats with heart failure due to a
cardiomyopathy have a heart murmur, many
others do not.* And while a gallop sound is
common with severe cardiomyopathy; it is not
always present.?* Any cat with or without
cardiomyopathy can also have a systolic click,
which can sound identical to a gallop sound
in a cat (Figure 3 and supplementary files 5-7).

NP PP PR oL L cP RO TP

ISTHS2

Figure 3 Phonocardiogram from a cat with a systolic click mistaken for a gallop sound
(third heart sound). S1 = first heart sound; C = systolic click; S2 = second heart sound
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While cardiac auscultation contributes

to the knowledge base around a feline patient, it cannot be

used to rule in or rule out cardiomyopathy.

Therefore, cardiac auscultation contributes to
the knowledge base around a feline patient,
but it cannot be used to rule in or rule out
heart failure due to cardiomyopathy in a cat
presented with, for example, dyspnea.

Pulmonary auscultation is also limited in its
diagnostic value.®® While some cats with PE
have coarse crackles, others do not, and while
a lack of, or decrease in, lung sounds in some
cats with PLE is obvious, in others it is not.
The breathing pattern is also not consistently
different for cats with PE vs those with PLE,
although prominent abdominal wall move-
ment during respiration (‘paradoxical breath-
ing’) is a clue that suggests PLE may be
present (supplementary file 4). In one study,
66% of dyspneic cats with paradoxical breath-
ing had pleural disease, compared with 13%
of dyspneic cats without paradoxical breath-
ing.®! In the authors’ experience, cough is
uncommon in cats in heart failure (but is
common in cats with asthma).®* The history
of cough in 25% of cats with cardiogenic
dyspnea in one study®® stands counter to
general opinion and supports further evalua-
tion of the prevalence of cough in cats with
heart disease.

Cats with PLE due to non-cardiac causes,
cats with asthma and cats with other primary
lung diseases also present with tachypnea and
dyspnea. Distinguishing heart failure from
respiratory disease can be difficult on initial
presentation, especially without further diagnos-
tic testing. A gallop sound makes heart failure
much more likely but is frequently not pre-
sent.® Similarly, a rectal temperature <37.5°C
makes the diagnosis of heart failure more like-
ly than other causes of dyspnea but this is also
an insensitive and non-specific test. Absolute
heart rate and RR are not useful for distinguish-
ing heart failure from other causes of dyspnea.>

Cats with severe dypsnea due to left heart
failure usually present acutely, often as an
emergency, primarily because owners usually
do not notice tachypnea and even dypsnea
until it is severe. Dyspneic cats are fragile and
subject to dying, if stressed. The initial goals
are to: 1) differentiate cats in heart failure from
cats with severe respiratory disease; 2) identify

if they have PE or PLE; and 3) stabilize
them. Differentiating a cat with primary
respiratory disease (eg, asthma) from a cat
in heart failure can be undertaken by obtain-
ing thoracic radiographs, thoracocentesis if
PLE is suspected, thoracic and lung ultra-
sound, point-of-care ultrasound assessment
of LA size and point-of-care cardiac biomark-
er (NT-proBNP; c¢Tn I) determination.?6%%4
Initial stabilization involves avoiding physical
and emotional stress, administering oxygen
in a non-stressful manner, possible sedation
(eg, with butorphanol 0.2 mg/kg IV), thoraco-
centesis if large-volume PLE is present, and
parenteral loop diuretic administration if PE
is present.

Heart failure is the most common cause of
PLE in cats, accounting for approximately
40% of cases.®® Cats with PLE and hypother-
mia are more likely to be in heart failure.
The various types of effusion include: high-
protein (‘modified’) transudate; pseudochy-
lous (a milky PLE mimicking chylothorax,
associated with increased lipids — cholesterol
or lecithin-globulin complexes — potentially
seen in any chronic PLE); and chylous
(lymphocyte- and triglyceride-rich).®> The
effusion can also be hemorrhagic if the cente-
sis is traumatic (eg, entering a very enlarged
atrium if following landmarks that assume
normal cardiac dimensions).

Sudden death

Sudden death (presumably most commonly
due to ventricular fibrillation but potentially
also due to a large thromboembolus in the LV
outflow tract or a central nervous system
thromboembolus) probably occurs in all
forms of cardiomyopathy. It is notable that
cardiac disease (primarily HCM) is the most
common cause of unexpected death in cats
presented for necropsy in studies performed
in areas where heartworms are not endemic
(eg, the UK).%*%” The prevalence of sudden
unexpected death is likely underestimated in
cats because such deaths may not be reported
to a veterinarian by an owner. A cat with a his-
tory of syncope may be at increased risk for
sudden death.®®

Sudden death probably occurs in all forms of cardiomyopathy,

but its prevalence is likely underestimated in cats because such

deaths may not be reported to a veterinarian by an owner.
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Diagnosis

A cat with
or without

The definitive diagnosis of a cardiomyopathy
relies on echocardiography. The echocardio-
graphic diagnosis of the specific forms of car-
diomyopathy are covered in Parts 2 and 3.

can also have a

Subclinical cardiomyopathy

Cardiac auscultatory abnormalities
Although many cats with cardiomyopathy are
normal on cardiac auscultation, the echocar-
diographic diagnosis of subclinical feline car-
diomyopathy most commonly occurs when an
auscultatory abnormality is identified — either
a systolic heart murmur or a gallop sound.
The systolic heart murmur in a cat with car-
diomyopathy is most commonly auscultated
over the left apex, either on the sternum (ven-
tral midline) just ventral to the left apex beat
or just to the left of the sternum (left paraster-
nal). Localization is best achieved using a
pediatric stethoscope. A gallop sound (third +
fourth heart sound) is generated by the LV
vibrating.®® This vibration is low frequency in
larger animals (including large dogs) and is

]

There are two types of NT-proBNP assays for use in cats:
a quantitative test performed by a central laboratory (IDEXX) and
a point-of-care test (SNAP; IDEXX) that provides an immediate,
in-clinic result. These tests have been used in two distinct
contexts: 1) to help differentiate acute-onset dyspnea due to left
heart failure from primary respiratory disease; and 2) as a
screening test to try to rule in or rule out subclinical (preclinical,
asymptomatic, occult) cardiomyopathy.

For the latter application, past studies have shown that
the determination of serum or plasma NT-proBNP concentration
using the quantitative test is reasonably accurate at identifying
subclinical HCM in cats referred to a veterinary cardiologist.”""2
For example, a cut-off value of 99 pmol/l has been associated with
71% sensitivity and 100% specificity when screening cats for
cardiomyopathy in a cardiology referral population.”” However, a
recent study suggests that the sensitivity is significantly lower
(51%) when the screened population is cats in general practice.
The specificity, however, remains high (92%).”® Based on these
data, and in our opinion, if the NT-proBNP concentration is
>99 pmol/l, the recommendation is clear — an echocardiogram is
indicated since most of these cats will have some form of
left-sided cardiomyopathy, although some will only have mild to
moderate disease (stage B1; lower risk). If an echocardiogram
cannot be carried out, thoracic radiographs, especially a VD or
DV radiograph, should be obtained to look for a left auricular
bulge that signifies severe LA enlargement. However, if the value
is <99 pmol/l, the test result is much less meaningful since
approximately 50% of cats in general practice with a negative
test result will have a left-sided cardiomyopathy. While it is true
that most negative tests are truly negative (the negative predic-
tive value is high), that is primarily because most cats do not
have a cardiomyopathy. This means that not only does the test
miss roughly 50% of cats with cardiomyopathy, it also means the

cardiomyopathy

systolic click,
which can
sound identical
to a gallop
sound.
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best heard with the bell of a stethoscope.
Because cats have a smaller heart that vibrates
at a higher frequency, gallop sounds in cats
are heard best, or at least heard just as well,
with the diaphragm of the stethoscope, in the
authors’ experience. A systolic click is also
heard best with the diaphragm, which con-
tributes to the challenge of identifying the
exact nature of third heart sounds (three-
heart-sound rhythms) when auscultating cats.

Some third heart sounds in cats are of a non-
specific character that does not allow catego-
rization based on auscultation alone. In the
authors’ opinion, a third heart sound that is
sometimes present and sometimes absent dur-
ing a single auscultation in sinus rhythm (eg,
the third heart sound is present, then resolves,
then recurs, all in 1 minute or less) is unlikely
to be an S3 or 54 gallop sound, and more likely
to be a systolic click, because the former sounds
indicate high ventricular diastolic filling pres-
sures that are not expected to cycle from being
audible to inaudible and back again in a short
period of just several seconds; also systolic
clicks are known to be labile in other species.”

many negative test results seen in normal cats can lead to a false
sense of security and so to complacency when the test comes
back with a value within the normal range.

A similar situation exists for the point-of-care assay when
comparing results in a referral practice population (sensitivity
and specificity of 65-84% and 83-100%, respectively) with those
in a general practice population (sensitivity of 43% and specifici-

ty of 96%).647® Equally, or more importantly, only 57% of cats
with severe HCM (maximum left ventricular wall width in diastole
[LVWd] >7.0 mm with any left atrial diameter to aortic root diam-
eter ratio [LA:Ao], or maximum LVWd >6.0 mm and LA:Ao >1.8)
in general practice had a positive test result.”> However, the
sensitivity increased to 71% if the test was performed only on
cats with a heart murmur (30% of cats in that study).”® These
data indicate that point-of-care NT-proBNP testing should not
be considered an accurate screening test for subclinical cardio-
myopathy in cats in general practice.

Given the existing body of information, we believe the point-of-
care test should primarily be used to differentiate heart failure from
respiratory disease in the feline patient presented for acute dys-
pnea. The quantitative test is probably best used when the index
of suspicion for cardiomyopathy is high (heart murmur or gallop
sound present; possible left auricular bulge on a DV or VD radio-
graph; cat referred for suspicion of cardiac disease). Its ability to
detect subclinical left-sided cardiomyopathy in general practice
is limited to the point that we cannot recommend it as a screen-
ing test. However, we recognize that several patient- and client-
related factors may raise or lower the expected diagnostic value
of this test and thus shape the decision for whether to perform it.

The accuracy of the quantitative test for detecting only cats with
severe, subclinical cardiomyopathy and resultant moderate to
severe left atrial enlargement (stage B2; those cats most at risk for
heart failure or ATE) in general practice remains to be determined.
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Clinical cardiomyopathy

Diagnosing a cat with severe PE or PLE due to
left heart failure can be accomplished in sever-
al ways. The first thing to do is to determine if
the cat is tachypneic (see ‘Diagnosing tachy-
pnea’ box on page 1013), as almost all cats in
left heart failure with even mild PE or moder-
ate to severe PLE will have an elevated RR
(many will also be dyspneic). The next thing
to do is to determine if the tachypnea and/or
dyspnea is due to severe PLE; if it is, the PLE
should be removed promptly.

Diagnosing PLE
Thoracic radiographs are the most common
means of diagnosing PLE (Figure 4) but the

process of obtaining them can be stressful and
the stress can result in death.”* However, it is
not usually necessary to have more than one
view to make the diagnosis (a DV or a lateral
view often suffices), which is less stressful
than obtaining two or three views.

If radiographs are deemed too stressful and
an ultrasound machine is available, ultra-
sound is the quickest, least stressful and easi-
est way to diagnose severe PLE.* While PLE
is usually readily apparent with ultrasound,
in some cases it can be a challenge to differen-
tiate pleural from pericardial effusion. This
most commonly happens when the probe is
oriented to look at the heart (supplementary
file 8). PLE commonly accumulates between

Figure 4 (a) Right lateral thoracic radiograph from a cat with HCM and severe PLE due to left
heart failure. (b) Dorsoventral thoracic radiograph from the same cat, again showing severe PLE.
(c) Right lateral thoracic radiograph and (d) ventrodorsal radiograph from the same cat after
thoracocentesis and furosemide administration. In (c), the left atrium is so severely enlarged it
pushes the trachea dorsally, creates a slight bulge in the caudal aspect of the cardiac silhouette
and is more radiopaque than the left ventricle that is ventral to it. In (d) the left auricle is markedly
enlarged and bulges out from the cardiac silhouette from the 1 o’clock to 4 o’clock position
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the heart and the diaphragm in cats with even
mild effusion and has fibrin floating in it,
whereas pericardial effusion does not (supple-
mentary file 9). Orienting the probe to exam-
ine the caudal thoracic cavity will usually
reveal the characteristic PLE, if it is present.
If it is deemed that radiography is too stress-
ful and ultrasound is not available, and espe-
cially if large-volume PLE has been identified
in a particular cat in the past, some clinicians
advocate thoracocentesis if there is a clinical
suspicion of PLE based on physical examina-
tion.” This procedure, however, is not devoid
of risk of complications, including pneumo-
thorax and death. Nevertheless, in a cat with
severe dyspnea due to left heart failure and a
reasonable clinical suspicion of large-volume
PLE, thoracocentesis can be lifesaving. The
procedure can be performed in the examina-
tion room without sedation and with the cat in
sternal recumbency. Only limited skin prepa-
ration is needed. The centesis is usually best
undertaken with a butterfly catheter. The nee-
dle is inserted mid-thorax on either side.
If fluid is found, as much of it as possible
should be removed, but with the understand-
ing that respiratory effort is probably helped
best with the initial part of the centesis, where-
as trying to remove as much fluid as possible
is aimed at delaying recurrence of dyspnea in
the future. Most cats with severe dyspnea due
to PLE have 200-350 ml of fluid in their tho-
racic cavity. If that amount is not removed
from one side, the other side may need to be
tapped also. In this situation, ultrasound
guidance is preferred, but again not necessary.
When due to heart failure, the fluid can be a
protein-rich (‘'modified’) transudate, a pseudo-
chylous effusion or a chylous effusion.”®
Once the fluid is removed, many cats
improve quickly and often remarkably. If sig-
nificant improvement is not seen, PE may
also be present or complications (eg, pneumo-
thorax, hemothorax, re-expansion PE) from
the thoracocentesis may have occurred. In the
authors’ experience, complications are rare
when centesis is performed correctly in a cat
in heart failure. Thoracocentesis in this emer-
gency situation is very different to when
it is performed in a cat with chronic non-
cardiogenic PLE. When thoracocentesis is per-
formed in a non-emergent situation, aseptic
skin cleaning/ preparation should be ensured,
and an over-the-needle catheter can be used
instead of a butterfly catheter. Caution is
always warranted when there is evidence of
chronic PLE (eg, rounding of lung lobe mar-
gins on radiographs), especially if the effusion
is visibly chylous.”” Such cats have a higher
risk of pleural fibrosis causing non-recruitable
lung. Iatrogenic pneumothorax can occur,
not from contact between the needle and lung,

If radiographs
are deemed
too stressful

and an
ultrasound
machine is
available,
ultrasound is
the quickest,
least stressful
and easiest
way to
diagnose
PLE.
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but by visceral pleural rupture.”® With any
evidence of chronicity, a conservative volume
of effusion (eg, 120 ml) should be removed, in
the authors” opinion, unless pleural manome-
try is available.”

Diagnosing PE

Radiographs can be obtained if the cat is
not severely dyspneic and overly stressed by
the procedure (see box). The combination of a
left auricular bulge (valentine-shaped heart)
on a VD or DV radiograph and pulmonary
infiltrates is specific for identifying cardio-
genic PE (left heart failure).>” However, the
left auricular bulge is not always apparent,
especially if the heart failure has been precip-
itated by something immediate like acute
stress or exogenous fluid overload.® In other
cases the cardiac silhouette may be obscured
by PLE. If the cardiac silhouette is obscured by
PLE on a DV view, a VD view can be consid-
ered, if tolerated, since the cardiac silhouette
is often visible in this view even if it is
obscured in the DV view.

Positioning the dyspneic cat for radiography
Generally, a dyspneic cat’s recumbency, from
least stressful to most, corresponds to DV, lateral

and VD projections. For this reason, DV position-
ing is preferred because it mirrors the sternal
recumbency that cats prefer spontaneously
when they are dyspneic.

The radiographic pattern of cardiogenic
PE in cats is variable. While the common
caudodorsal distribution seen in dogs with
cardiogenic PE can also occur in cats,
most have other patterns.””8182 A frequent
finding is to see an alveolar infiltrate
between the heart and the diaphragm on
a lateral view (Figure 5). This pattern is
only rarely seen with other lung diseases.

Figure 5 Right lateral thoracic radiograph from a cat with NCM showing a more diffuse form
of PE but still with the heaviest infiltrates between the heart and diaphragm
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A cranial and ventral distribution is also com-
mon, which is very different from the pattern
seen in dogs. Some cats have both PE and (most
commonly a small amount of) PLE (Figure 6).°

Diagnosing PE without thoracic radiographs
can be problematic. While some cats have pul-
monary crackles on auscultation, many do not,
and non-cardiac causes of dyspnea may pro-
duce crackles in cats. B-lines can be identified
using ultrasound but this requires an ultra-

3 o’clock position is now visible
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Figure 6 (a) Right lateral thoracic radiograph from a cat in left heart failure.
PE is present, and infiltrates are most prominent between the heart and
diaphragm. PLE is also present dorsally at the angle between the spine and the
diaphragm. (b) Ventrodorsal thoracic radiograph from the same cat. PE and PLE
make it difficult to see the left side of the cardiac silhouette, but the left auricle
appears to be enlarged. (c) Right lateral thoracic radiograph and (d) ventrodorsal
thoracic radiograph from the same cat after loop diuretic therapy. In (c), the PE
and PLE are both improved. In (d), a left auricular bulge at the 2 o’clock to

sound machine and training.® Diagnosing PE
without radiographs thus often comes down
to inference or response to therapy.

Determining whether PE and/or PLE are due
to heart failure

One may infer that dyspnea is due to cardio-
genic PE by using a biomarker to identify a
dyspneic cat as having severe cardiac disease.
In the cat presented for severe dyspnea this



One of the
best ways
to infer that
dyspnea is due
to left heart
failure is to
perform a
point-of-care
ultrasound
assessment
of LA size.

If the LA is
moderately
to severely
enlarged, then
heart failure is
almost always
the cause of
the dyspnea.

needs to be undertaken using a point-of-care
measure of plasma NT-proBNP or cTn I concen-
tration, not a quantitative test that must be sent
to a central laboratory. If available, the point-of-
care tests are reasonably accurate (NT-proBNP:
94-100% sensitivity and 72% specificity; cTn I:
65-84% sensitivity and 86-90% specificity),
with the result being positive if the dyspnea is
due to heart failure and negative if the cat has
respiratory disease.®*838¢ Since this type of
test is not 100% accurate (ie, not definitive),
it should generally be used in combination
with other diagnostic tests, if possible.

If an ultrasound machine is available, the
best way to infer that dyspnea is due to left
heart failure is to do a point-of-care (focused
examination) of LA size. If the LA is moder-
ately to severely enlarged then heart failure
is almost always the cause of the dyspnea.®*
In most instances the LA will be >18-19 mm
in diameter in a right parasternal short-axis
view in a cat in left heart failure and the
LA:Ao will be >1.8-2.0.51%7

Doppler echocardiography by a skilled
examiner can also be used to help predict
whether a cat is in left heart failure.>! Variables
that are useful include the ratio of peak veloc-
ity of early diastolic transmitral flow to peak
velocity of late diastolic transmitral flow
(value >1.8), and the ratio of peak velocity of
fused early and late transmitral flow velocities
to peak velocity of fused early and late dias-
tolic tissue Doppler waveforms (value >15.1).

The accuracy of plasma NT-proBNP concen-
tration determination has also been examined
in cats with PLE.® In this situation, the quan-
titative laboratory test is reasonably accurate
at differentiating cardiogenic PLE from other
causes of PLE when either plasma (sensitivity,
95%; specificity, 82%) or pleural fluid (sensi-
tivity, 100%; specificity, 76%) is used. The point-
of-care test (SNAP; IDEXX) is also reasonably
accurate for this purpose if plasma is used (sen-
sitivity, 100%; specificity, 79%) or if pleural fluid
is used (sensitivity, 100%; specificity 86%).%

Figure 7 Aortic
thromboembolus residing at
the aortic trifurcation (arrow).
Ao = abdominal aorta;

F = femoral artery
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Arterial thromboembolism

ATE is a common and devastating complica-
tion of the left-sided cardiomyopathies. The
thrombus most commonly forms in a severely
enlarged LA, most often in the left auricle
(LA appendage). At least two factors are
thought to predispose to thrombus formation
in a large LA - blood flow stasis and endothe-
lial injury. Endothelial injury is evident as an
increase in the amount of von Willebrand fac-
tor in the endothelium of enlarged feline left
atria and by its integral presence in LA throm-
bi from cats with severe cardiomyopathy.®
Severe LA enlargement can occur with HCM,
RCM, DCM and NCM and causes blood flow
stasis.”® This predisposes to red cell clumping.
This can be visualized with ultrasound
as spontaneous echocardiographic contrast
(‘smoke’). This presumably predisposes to
thrombus formation in cats since it is found in
the majority of cats with ATE.? It is a negative
prognostic sign.”! When an intracardiac throm-
bus is identified using echocardiography, it is,
as mentioned above, most commonly in the left
auricle (supplementary files 10-12). Computed
tomographic angiography can also be used to
identify LA thrombi, but this is not yet
demonstrably superior to echocardiography.”

Most left auricular thrombi attain a size
larger than any of the entrances to arteries that
exit the aorta, and most will dislodge. Because
of their size, most are carried to (embolize) the
terminal aorta (Figure 7), causing acute occlu-
sion of blood flow to the caudal limbs and
resulting in acute pain and caudal limb pare-
sis or paralysis.”*** Other signs include lack
of, or very weak, femoral pulses (pulseless-
ness), cool caudal limb(s) (poikilothermia),
pale and/or blue/purple (cyanotic) hindlimb
nailbeds (pallor), and firm, painful gastroc-
nemius muscles. In a small number of cats,
the left auricular thrombus is small enough
at the time of dislodgement that it can
embolize a systemic arterial branch including,
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Most left auricular thrombi, because of their size, embolize the
terminal aorta and cause acute occlusion of blood flow to the caudal limbs,
resulting in acute pain and caudal limb paresis or paralysis.

but not limited to, subclavian/brachial,
coronary and mesenteric arteries, where it can
cause forelimb ischemia/lameness, myocardial
infarction and intestinal ischemia/infarction,
respectively.®> Renal infarcts can be detected
using ultrasound in some cats with a terminal
aortic thromboembolus.” Rarely a larger
thromboembolus will lodge in the more prox-
imal abdominal aorta where it can occlude
renal blood flow causing acute ischemic kid-
ney injury. In theory, a very large thromboem-
bolus can lodge in the LV, completely occlude
aortic flow, and so result in sudden death.

A cat with a thromboembolus lodged in
the terminal aorta (saddle thromboembolus)
initially shows signs of intense pain and paral-
ysis.”® Vocalization, which is often agonizing,
is common. Typically, the pain abates within
12-24 h as the sensory nerves also become
non-functional and so may not always be
present when the owner finds the cat.
Most cats are paralyzed in both caudal limbs,
but a few will only have one affected caudal
limb. Cats with only one limb affected may
be in less pain. Initially the femoral pulses
are absent. When the caudal limbs are affect-
ed, most cats can move both limbs above
the stifles and are paralyzed distal to the
stifles.” Skin sensation typically is absent
below the mid-tibial region. The gastroc-
nemius muscles are firm. The affected limbs are
cool or cold. The cat can usually move its tail.

In most cases the diagnosis can be made
using history and physical examination find-
ings (including lack of femoral pulse[s]).
Other diagnostic aids include Doppler blood
pressure measurement of an affected limb
and analysis of a blood sample from the
affected limb for glucose (will be low) and
lactate (will be high), comparing the results
with those from a forelimb blood sample.”
Infrared thermography shows the caudal
limbs distal to the stifle and the tail are cooler
than the rest of the body.!® A limitation of
blood sampling and of thermography is that
the diagnostic value has been shown in
studies of cats with unmistakable physical
signs of ATE; the performance of such tests
when the diagnosis is in question (‘partial-

Serum creatine kinase (CK) concentration is
always elevated in a cat with complete occlu-
sion of the terminal aorta, and usually
markedly so0.1%! Consequently, a normal serum
CK concentration in a paralyzed cat essential-
ly rules out ATE as the cause. The serum
concentrations of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT)
are also commonly elevated, sometimes
markedly s0.1901%2 Since these enzymes are
also elevated in cats with thabdomyolysis due
to a dystrophinopathy and since there is
usually no reason for a cat with ATE to have
hepatic injury, these elevations are presum-
ably due to skeletal muscle necrosis in cats
with ATE, not hepatic disease.!®

Most cats with ATE have severe underlying
heart disease (a markedly enlarged LA) or
hyperthyroidism and many (40% in one
study!®!) are in overt left heart failure (usually
PE) at presentation. However, only around
10% have had a previous diagnosis of heart
disease, meaning the onset of signs of ATE is
unexpected. A few cats have no underlying
heart disease.!0102

The prognosis for a cat with heart failure
and ATE causing bilateral caudal limb paraly-
sis is grave, as is the prognosis for cats with
ATE that are hypothermic.”*111% The progno-
sis for any cat (even without heart failure) with
bilateral caudal limb paralysis due to ATE is
poor to grave and many cats are in extreme
pain. Consequently, euthanasia is the most
common solution.!® However, if the owner is
willing, or if euthanasia is not an option, time
(48-72 h) can be allowed to see if the cat can
lyse its own thromboembolus via activation of
plasmin.’®® It should be noted that in one study
of 127 cats presented with ATE, 89 were treat-
ed with supportive care and 39 (45%) survived
to discharge.!’! But it should also be noted
that median survival time for that group of 39
cats was only 117 days. In another study, only
around 30% survived to hospital discharge.!%
This represents a broad swath of survival with
a generally somber outlook, but it should also
be noted that there are recorded single
instances of survival of several years.>*

occlusion thromboemboli’), which is when
additional diagnostic information would
be most useful, is not well established.

Only around 10% of cats with ATE have
had a previous diagnosis of heart disease,

Ultrasound can be used to identify the throm-
boembolus and aortic blood flow occlusion,
as can computed tomographic angiography.*?

JFMS CLINICAL PRACTICE

meaning the onset of signs of ATE
is usually unexpected.



If the cat is not in heart failure and especial-
ly if there is no severe underlying heart
disease or if only one limb (fore or caudal)
is affected, supportive treatment should be
attempted, if the owner is willing, giving
the cat at least 48 h to break down its own
thromboembolus. Up to 80% of cats with
one affected limb will survive.!?” Regardless,
overall 1-year survival for the entire popula-
tion of cats with ATE is only around 10%.1%
An additional problem is that cats that survive
to discharge can experience another ATE
despite antithrombotic therapy.!™!

There is no absolute standard of care for
treating ATE, but pain control is paramount if
signs of pain are present. A potent analgesic
needs to be titrated to effect.® Intravenous
methadone or a constant rate infusion of fen-
tanyl are examples. Unfractionated heparin or
a low molecular weight heparin is usually
administered soon after presentation. This
will not lyse the thromboembolus but aims to
prevent a new thrombus from forming on the
existing thromboembolus. That this is impor-
tant is suggested by one study which found that
the distal portions of feline aortic thromboem-
boli are composed primarily of erythrocytes,
while the proximal portions also contain rem-
nants of neutrophils (neutrophil extracellular
traps) that may propagate further thrombus for-
mation.!® Oral anticoagulation/antiplatelet
therapy should also be started with clopido-
grel (18.75 mg/cat q24h) or a combination of
clopidogrel and aspirin to try to prevent a
new left auricular thrombus from developing.
A loading dose of clopidogrel might be con-
sidered.>'® Aspirin alone is inadequate.!?
Another approach is to administer clopidogrel
(antiplatelet) and rivaroxaban (anticoagulant;
0.5-1 mg/kg PO q24h) together.!"! The prima-
ry problem with this approach is the high cost
of rivaroxaban.

After initial stabilization it is simply a mat-
ter of administering supportive care and wait-
ing to see if the cat’s own thrombolytic system
(plasmin) can break down the thrombo-
embolus. The degree to which circulation is
re-established is apparent through return of
the femoral pulse(s) and limb function and
visible / palpable signs of improved perfusion.
Serial testing (eg, of local blood lactate con-
centration) is not known to be helpful in
prognostication. Time to reperfusion is highly
variable. It can occur within as little time as
1 h. If reperfusion does not occur within the
first 48-72 h, the chances of it occurring at all
are exceedingly poor.

There is no
absolute
standard

of care
for treating
ATE, but pain
control is
paramount
if signs of pain
are present.
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Figure 8 Dry gangrene of the distal caudal limb in a cat that
survived an acute bout of ATE

If perfusion to the affected areas is re-
established, all signs may resolve or signs may
only partially resolve. As such, some cats will
regain full function in both caudal limbs while
others will regain full or partial function of
only one limb (supplementary file 13) and so
may require amputation of part or all of the
other limb. In some, reperfusion is inadequate
and results in the development of tissue
necrosis (wet or dry gangrene; Figure 8), days
to a few weeks following the event, requiring
surgery (including debridement and amputa-
tion) or justifying euthanasia.!! Reperfusion
syndrome (acute hyperkalemia and metabolic
acidosis due to abrupt reperfusion of a limb)
only rarely occurs with spontaneous resolu-
tion of a thromboembolus.'!?

Amputation of one caudal limb is almost
always a viable option since cats missing one
caudal limb generally do extremely well,
barring pre-existing disease of the other cau-
dal limb, assuming a reasonable anesthetic
risk and also assuming thromboprophylaxis
will prevent ATE recurrence. The use of a
thrombolytic agent, such as tissue plasmino-
gen activator or streptokinase, is not indicated
since such an approach, while it might shorten
the time to reperfusion, does not improve
survival and increases the risk of reperfusion
syndrome and life-threatening bleeding,
such as into the affected limb(s), catheter or
venipuncture sites, and/or the gastrointesti-
nal tract.10113114 While success with surgical
and rheolytic embolectomy has been reported,
these techniques are rarely attempted.!15116

Following initial stabilization of cats with ATE, if reperfusion does not occur
within the first 48-72 h, the chances of it occurring at all are exceedingly poor.
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Treatment of heart failure

While anatomy and pathophysiology of the left-
sided cardiomyopathies (HCM, RCM and DCM)
are distinctly different, presentation and treat-
ment are the same or very similar. Consequently,
once a cat is diagnosed with a large LA and left
heart failure, identifying the type of cardio-
myopathy has not yet been proven to influence
most treatment approaches. Knowing if a cat
has severe outflow tract obstruction due to sys-
tolic anterior motion of the mitral valve (see Part
2) may be valuable in certain cases. Knowing
that a cat has DCM so that diet history can be
obtained, and blood samples submitted for
taurine analysis, may be beneficial. By and large,
however, administering a loop diuretic during all
phases of treatment, supportive therapy (oxygen,
warming blanket) during the emergent phase,
antiplatelet/anticoagulant medication when
there is severe LA enlargement, possibly admin-
istering oral pimobendan and an angiotensin-
converting enzyme (ACE) inhibitor, and
reducing, or preferably eliminating, high-sodium
foods and treats to avoid negating the natriuretic
purpose of diuretics, will be undertaken regard-
less of the underlying type of cardiomyopathy.
Treatment is discussed further under the spe-
cific types of cardiomyopathies in Parts 2 and 3.

Complications of therapy

Azotemia is common in cats in heart failure,
primarily those that are being treated with a
loop diuretic. While primary renal insufficiency /
failure may be present in some cats, in the
authors’ clinical experience the preponder-
ance of the azotemia is most likely due to the
administration of a loop diuretic and/or an
ACE inhibitor. Therefore, the azotemia is most
commonly prerenal.’” This is often character-
ized by a greater increase in blood urea nitrogen
(BUN) than in serum creatinine concentration.
Serum concentration of symmetric dimethyl-
arginine (SDMA) is also increased.

In the authors’ experience, prerenal azotemia
is not harmful to the kidneys in normotensive
patients and is generally reversible. Mild pre-
renal azotemia is essentially expected in a cat
in severe heart failure being treated with an ACE
inhibitor and a moderate to high dosage of a
loop diuretic. Even moderate prerenal azotemia
(BUN up to 60 mg/dl [21 mmol/1]) is not inher-
ently harmful, especially when temporary (eg,
associated with initial high-dose loop diuretic
administration) and subclinical (eg, associated
with a normal appetite). Severe azotemia, which
results in clinical signs of uremia, is expected
to be overtly harmful to the cat. While terms
such as acute kidney injury and cardiorenal
syndrome are often equated with the azotemia
seen in cats with heart failure being treated with
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furosemide and/or an ACE inhibitor, neither
agent is nephrotoxic.!® A loop diuretic causes
prerenal azotemia by reducing renal blood flow
and so glomerular filtration rate (GFR), while
an ACE inhibitor decreases GFR by altering
intraglomerular blood flow (ie, selectively dilates
the efferent glomerular arterioles by decreasing
the circulating concentration of angiotensin II).1
The effects of both drugs are usually reversible.

Most cats with congestive heart failure that
have a less than three-fold elevation above
normal in BUN and/or less than two-fold ele-
vation above normal in creatinine have a
greater health concern with their cardiac disease
than with kidney function. Therefore, while one
cannot ignore mild to moderate azotemia in a cat
in chronic heart failure receiving a loop diuretic
with or without an ACE inhibitor, since the cat
will require ongoing monitoring, there is usually
no need to address it by reducing the dose of the
loop diuretic or by discontinuing the adminis-
tration of the ACE inhibitor if the cat is eating and
feeling well, and certainly no indication to admin-
ister parenteral fluids solely to try to reduce
the azotemia. While azotemia may be associated
with poor outcome in cats in heart failure, in the
authors” opinion most likely this is because cats
in severe heart failure have both a poorer progno-
sis and a need for a higher dose of loop diuretic.!

That being said, excessive loop diuretic
administration should also be avoided, espe-
cially since cats that become severely dehydrated
tend to stop eating and drinking and so may spi-
ral downward clinically, particularly in the emer-
gent phase (during hospitalization). On occasion,
parenteral fluid administration and cessation
of loop diuretic administration is required for
cats in that situation, particularly in those that
are anorexic for a prolonged period and that
are receiving high doses of a loop diuretic.
This is considered a rescue approach for cats
that are profoundly (eg, >8%) dehydrated. For
cats that show prerenal azotemia but otherwise
feel well, administering parenteral fluids and a
diuretic simultaneously is discouraged because
these treatments simply negate each other.

It is difficult or next-to-impossible to distin-
guish prerenal from renal azotemia in a cat on
a loop diuretic, primarily because the diuretic
renders the urine isosthenuric. Clues that a cat
may have renal azotemia include age (older
cats are more likely to have chronic kidney
disease [CKD]), size of the kidneys (CKD com-
monly results in smaller kidneys) and hemato-
crit (CKD often causes a non-regenerative
anemia). Cats in heart failure that are azotemic
due to renal insufficiency / failure are more sus-
ceptible to dehydration and uremia. Systemic
hypertension and chronic pyelonephritis are
examples of concurrent disorders with renal
involvement that can harm a cat with car-
diomyopathy, unless they are controlled.

Administering
a loop diuretic
toacatin
heart failure
is indicated
regardless of
the underlying
type of
cardiomyopathy.



Prognosis

The short-term prognosis for cats with stage
Bl cardiomyopathy is good to excellent.
Long-term prognosis is fair to guarded
and may depend on the severity and type
of the disease at the ventricular level.?®
Cats in stage B2 have a guarded short- and
long-term prognosis and cats in stages C and D
are more likely to die of heart disease than any
other disorder (see the earlier ‘Staging’ sec-
tion).””! The unpredictability of individual
lifespans means absolute assurances about
longevity are never appropriate. Instead, a
general outlook (eg, even with a good response
to treatment, the cat is more likely to live for
months than years) should be provided to
assist in the client’s decision-making. One
exception to the guarded prognosis for cats
with stage C HCM is transient myocardial thick-
ening where the prognosis is excellent if the cat
survives the initial phase of the disease (see Part
2).11 Similarly, in a cat with DCM due to taurine
deficiency, taurine supplementation will usual-
ly improve cardiac function enough to improve
prognosis if the cat survives the initial emergent
phase of the disease.® In addition, if a cat has
HCM exacerbated by hyperthyroidism, control-
ling the hyperthyroidism can result in regression
of LV hypertrophy, a lesser degree of renin—
angiotensin system stimulation, and a decrease
in metabolic rate, which can make it easier to
control the heart failure (see Part 3).38 In cats with
a cardiomyopathy that have experienced acute
heart failure precipitated by a stressful event (eg,
cat fight), anesthesia/surgery or fluid admin-
istration, the prognosis is also better.5122123

Several variables can be used to help deter-
mine poor long-term prognosis regardless
of the type of left-sided cardiomyopathy.
Severe LA enlargement is a poor prognostic
indicator.”! Unstable/refractory heart failure
and an NT-proBNP >1500 pmol/1 also por-
tend an unfavorable outcome.”!
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Supplementary material

Brief outlines of the supplementary files are provided below; fuller
descriptions accompany the files that are available online at:
journals.sagepub.com/doi/suppl/10.1177/1098612X211021819.

=

-

Files 1 and 2: Audio recordings of a left parasternal systolic heart
murmur in a cat with HCM.

File 3: Video of a cat with tachypnea due to chronic, large-volume
cardiogenic PLE, with an absence of visible distress and anxiety.

File 4: Video of a cat with paradoxical breathing.

Files 5-7: (File 5) Audio recording, (file 6) phonocardiogram

and (file 7) video/audio synchronous display of a systolic click in a cat.
File 8: Video showing a thoracic ultrasonographic view of a cat with mild
to moderate PLE.

File 9: Video showing a thoracic ultrasonographic view from the cat

in supplementary files 5-7, with PLE residing between the heart and
diaphragm and fibrin oscillating in the fluid.

File 10: Video showing a right parasternal long-axis view of spontaneous
echocardiographic contrast in the body of the LA near the mitral valve.
File 11: Video showing spontaneous echocardiographic contrast in the
body of the LA and then dense contrast in the left auricle and a
thrombus occupying the tip of the left auricle. Reproduced, with
permission, from Hogan DF (2017).7%4

File 12: Video showing two-dimensional (left) and three-dimensional
(right) echocardiographic views of a thrombus in the left auricle and LA.
Courtesy of Seunggon Lee, DVM.

File 13: Video of a cat that experienced a bout of acute ATE 2 weeks
prior to showing residual neurologic deficits in the right caudal limb.
Reproduced, with permission, from Hogan DF (2017).7%4

Informed consent

This work did not involve the use of animals
(including cadavers) and therefore informed consent
was not required. No animals or people are identifi-
able within this publication, and therefore additional
informed consent for publication was not required.

KEY

Cardiomyopathies can be staged clinically according to the
American College of Veterinary Internal Medicine’s A-D scale,
which reflects the need for treatment and general prognosis:
- A: Predisposed to developing cardiomyopathy but no
identifiable abnormality.

- B: Positive phenotype (ie, echocardiographically detectable
changes such as LV thickening or thinning; atrial enlargement)
but no clinical signs.

- C: Positive phenotype and a decompensated state (most

commonly congestive heart failure, but ATE or syncope also
possible) at initial presentation or controlled with medication.
- D: Positive phenotype and a decompensated state that is not
fully responsive to treatment

Overall, cardiomyopathies are treated similarly: the
onset of heart failure (stage C) warrants treatment
with medications that offset fluid retention

(eg, a loop diuretic) and any cat with severe

LA enlargement should be on antiplatelet/
anticoagulant therapy, most commonly clopidogrel.
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