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Abstract

The aim of this systematic review is to present the clinical examination of the cardiovascular system in dogs and cats.
The heart is an organ deeply interconnected with the hemodynamic of the entire body. Anamnesis and physical
examination allow early diagnosis of heart disease. The stages of the examination are represented by inspection,
palpation, percussion, auscultation and thermometry. This can establish the treatment schedule, prolonging the
patient's life and improving its quality. Important clinical changes in left congestive heart failure syndrome must be
quickly and correctly identified: respiratory distress, cough, syncope, heart murmur, or gallop sound. This allows the
establishment of emergency therapeutic protocol. Clinical monitoring is still important for both the clinician and the
owner. It shows the effectiveness of the action of drugs and the risk of cardiovascular decompensation, requiring

adaptation of therapy.
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INTRODUCTION

Despite the increasing diversity and complexity
of cardiac diagnostic examinations, the
information obtained from the medical history
and clinical examination have undeniable
value. History and clinical examination offer
diagnostic clues and guide the initial therapy in
emergency situations involving cardiac,
respiratory and vascular diseases. This
information can allow the diagnosis of cardiac
pathology, help to differentiate or associate the
condition to respiratory pathology, prioritize
diagnostic tests, and provide objective evidence
of a therapeutic response.

MEDICAL HISTORY

In the first stage, identifies age, sex and breed
(Keene et al., 2019), sometimes referred to as
the “signalment”. The history (anamnesis)
should include key questions that include: (1)
the reason for the consultation; (2) the onset of
signs; (3) duration of the medical problem; (4)
the evolution of signs; (5) the vaccination and
heartworm prophylaxis history; (6) current
medications and the animal’s response to
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therapy; and finally, (7) the owner’s ability to
administer the drugs. Additional questions that
further define the major problems should also
be directed to the owner. For example, useful
information about respiratory difficulties might
include its relationship to rest or exertion; an
onset that is sudden or gradual; and any
association with audible respiratory noise that
might indicate a major airway obstruction.
Important information highlighted in the
medical history report is particularly relevant to
the pathology of the cardiorespiratory system.
Increased  respiratory rate  (tachypnea),
respiratory distress (hyperpnea or dyspnea),
coughing, exercise intolerance, difficulty in
sleeping, and general signs of illness are
common to both cardiac and respiratory
disorders. Abnormal respiratory patterns are
usually overlooked by owner and are discussed
further under “Clinical Examination”.

Further information to determine from the
history or direct observation includes: (1)
anorexia or decreased appetite; (2) weight loss
or cachexia; (3) abdominal distention
(hepatomegaly or ascites); (4) diarrhea (from
severe right heart failure with intestinal edema
and potentially enteropathy with protein loss);



(5) the presence of hemoglobinuria (found in
caval syndrome of dirofilariosis); (6)
hemoptysis (in pulmonary thromboembolism,
pneumonia, coagulation disorders including
toxicities, foreign bodies, and neoplasia); (7)
exertional collapse, syncope or seizures; and
(8) signs of hind leg instability or sudden onset
of paresis/paralysis (Smith et al., 2015).
Syncope can be to cardiac, vascular, or
respiratory origin. When due to respiratory
disorders exertional collapse or syncope is
often associated with pulmonary arterial
hypertension, severe bronchopulmonary or
pleural space diseases, or obstructive upper
respiratory diseases (especially in
brachycephalic breeds). While less common,
syncope in respiratory disease can develop
from low arterial oxygen concentration,
insufficient cardiac output (pulmonary arterial
hypertension), or potentially from activation of
reflex bradycardia as with vasovagal syncope
(Kittleson, 1998).

Cardiogenic syncope has many causes and
some of these might become more relevant
based on the history and clinical examination.
For example, a cardiogenic mechanism is
suggested by signs of reduced cardiac output as
in a dog with dilated cardiomyopathy or one
with severe mitral regurgitation. Reflex-
mediated (vasovagal) syncope can occur in
dogs with structural heart disease, especially
with sudden excitement or exertion. Cardiac
brady- and tachyarrhythmias are a common
reason for syncope and might be detected
during clinical examination. Examples include
sinus arrest, complete atrioventricular block, or
sustained ventricular tachycardia. Abnormal
auscultation  might  suggest  pulmonary
hypertension or a congenital cardiac defect
associated with syncope such as subaortic
stenosis, pulmonary stenosis, or tetralogy of
Fallot (Tilley et al., 2008). Often there are
multiple factors, as with ventricular arrhythmia
in a dog with dilated cardiomyopathy.

Syncope with a cardiogenic origin is associated
with sudden loss of consciousness, short
duration (usually less than one minute), and
rapid recovery. The syncope is often induced
by exercise or excitement/stress. Sometimes the
event is preceded by vocalization. Pre- and
postictal behavioral abnormalities are absent.
Urination can occur although loss of feces is
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uncommon. Tonic-clonic muscle contractions,
facial fits, and hypersalivation are not typical of
cardiac syncope. These aspects help to
differentiate canine syncope from seizure
disorders. Syncope in cats is more challenging
to assess and often shares features of
neurological disease (Penning V.A., 2009). One
useful recommendation is to videorecord the
animal during the crisis as it can provide
valuable clues which complete the history and
physical examination.

Exertional  weakness and  especially
intolerance to exercise are sensitive though
not specific signs of cardiac disease. Often, the
owners do not report exercise intolerance. In
some cases, the dog is relatively sedentary, as
with many English Bulldogs (Chong, 2017).
Cats sleep almost all the time with only short
periods of high activity so owners might not
identify their clinical signs until they become
severe. Furthermore, dogs are excellent athletes
and are not commonly stressed to the maximal
exercise capacity that might reveal underlying
heart disease.

Moreover, these findings with exercise are
nonspecific, and can develop with respiratory,
musculoskeletal, neurologic, and some
systemic diseases. Other conditions that might
show intolerance to effort can include anemia,
endocrinologic  (adrenal diseases, thyroid
diseases, diabetes mellitus), and some
metabolic diseases (including hypokalemia).
Coughing is probably the most common
symptom reported by owners of dogs with heart
disease. However, frequently the cough is not
due to cardiac disease. Potential etiologies of a
“cardiac” cough in dogs include alveolar
pulmonary edema and marked compression of
the left principal bronchus between the left
atrium and the aorta. The importance of
bronchial compression is debated, but most
studies have either focused on patients
undergoing  bronchoscopy with a high
likelihood of concurrent bronchitis and
bronchomalacia, or else relied only on
radiographs to exclude bronchitis (which is not
sufficient). Clearly many dogs with chronic
valve disease also have concurrent tracheal
disease, chronic bronchitis, or pulmonary
fibrosis which can result in coughing or
tachypnea in the absence of cardiac
enlargement or failure.



In terms of specific causes of coughing, the
following are general guidelines. Canine
patients with upper respiratory diseases usually
exhibit a chronic, loud cough with high
acoustic intensity, paroxysmal bouts, and
worsened by exertion of (Martin, 1997). The
“cardiac” cough often described as low-inten-
sity and occurs intermittently, being favored by
the presence of compression of the main left
bronchi by the dilated left atrium. It can be
accompanied by dyspnea and nocturnal agita-
tion (Ferasin, 2019). As indicated above, many
of these dogs have concurrent airway diseases,
including bronchomalacia, that make the source
of the cough uncertain. For dogs developing
left congestive heart failure any coughing can
be associated with tachypnea and possibly
dyspnea. In fulminating failure there might be
bloody or foamy nasal secretions. Generally,
these dogs have acute respiratory effort.

The abnormalities mentioned above are im-
portant considerations when evaluating a poten-
tial case of cardiac or respiratory disease.
Frequently, a complete and correctly highlighted
history will guide the veterinarian to the nature
of the animal's underlying pathology, often
allowing the differentiation of heart disease from
other competing problems (Rijnberk, 1995).

GENERAL EXAMINATION

The general appearance of the canine or feline
patient, as well as the overall condition of
maintenance are observed. The attitude,
posture, and behavior of the animal provide
clues about the type of pathology and its
severity. Vital signs and rapid thoracic auscul-
tation also provide valuable clues. Animals
with respiratory distress often require imme-
diate oxygen supplementation and sedation to
reduce symptoms and permit a more thorough
examination.

General Inspection

Weight loss occurs in chronic, severe heart
disease. It is represented by the loss of fat and
skeletal muscle mass, despite the maintenance
of appetite (Ineson, 2019).

Obesity can restrict ventilation and might pre-
cipitate coughing in cases of tracheal collapse.
Also, obesity exacerbates the cough associated
with lung or heart disease (Slupe et al., 2008).
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Posture of an animal can be revealing and often
reveals signs of respiratory dysfunction. One
that refuses to adopt a decubitus position may
have respiratory distress due to pulmonary
edema, pleural effusion, pericardial effusion,
pneumothorax, diaphragmatic  hernia, or
another respiratory condition. Dogs often
assume a standing or sitting position to
minimize their work of breathing; cats typically
position in sternal recumbency with abducted
elbows. The patient with head in extension,
abducted elbows, open mouth breathing, and
dilated (flared) nostrils, requires immediate
therapy for respiratory distress (Le Boedec et
al., 2012). Orthopnea is discussed more fully
below.

Vital signs and Thermography

The pulse and respiratory rates, body tem-
perature, and a rapid assessment of mucous
membrane color and refill time should be
obtained from any patient as part of the initial
evaluation (assessment of membranes is
discussed later). Ideally, a noninvasive syste-
mic arterial blood pressure also should be also
recorded.

Significant changes in body temperature results
from a multitude of etiological factors, inclu-
ding changes in metabolic rate, impairment of
tissue perfusion, toxic factors, exposure to
extreme environmental temperatures, inflam-
matory or infectious diseases and iatrogenic
issues. From a cardiovascular perspective,
hypothermia can be induced by the presence of
hypotension, bradyarrhythmia or tachycardia
(atrial fibrillation, tachycardia or ventricular
fibrillation) or cardiogenic shock. Fever or
hyperthermia can be associated with infective
endocarditis, infection or inflammation of the
myocardium or pericardium, or represent
increased temperature related to work of
breathing, as with upper airway pathology found
in brachycephalic dog breeds (Pope, 2009).

A true fever must be distinguished from
hyperthermia secondary to anxiety or increased
work of breathing. Hyperthermia usually re-
solves once a dyspneic patient is sedated and
the underlying problem is managed. Hypothermia
— especially in cats — is often associated
systemic arterial thromboembolism or shock.
Cardiogenic  shock is associated with
bradycardia and systemic hypotension.



Initial Auscultation

In patients with signs of respiratory
dysfunction, a rapid auscultation assessment of
the lungs might reveal important abnormalities
such as muffled breath and heart sounds
(suggesting a pleural or pericardial fluid
accumulation), lung crackles (indicating
parenchymal or small airway dysfunction), or
sounds of inspiratory (upper airway) or
expiratory (lower airway) airway obstruction.
Lung ultrasound scanning is complementary to
thoracic auscultation. Similarly, a rapid cardiac
auscultation can be revealing. For example, the
presence of marked sinus arrhythmia along
with coughing suggests a primary respiratory
problem, even in the presence of the left apical
murmur. Conversely, sinus tachycardia with a
loud murmur, gallop sounds, or obvious
arrhythmia such as atrial fibrillation points to a
cardiac cause of respiratory dysfunction.
Notably, cardiac findings are often absent in
many cats with congestive heart failure, at least
during initial examination. More details about
auscultation follow under “Cardiorespiratory
Examination”.

Initial Diagnostic Tests

Diagnostic testing must be performed with
great care in patients with symptomatic
respiratory or heart diseases. One must avoid
aggressive manipulation or performing lower-
priority tests (for example, radiography or
detailed cardiac ultrasound) (Vulpe et al.,
2014). In addition to the initial inspection,
recording of vital signs, and rapid auscultation,
point-of-care ultrasound should be given
priority using a standardized protocol for the
practice.

CARDIORESPIRATORY EXAMINATION

The specific clinical examination requires
following a rigorous protocol, taking into
account that each stage of evaluation can
provide valuable information for obtaining a
diagnosis. These stages include inspection,
palpation, percussion, and auscultation of the
heart and lungs.

Evaluation of visible mucous membranes
It is recommended to assess mucous membrane
color both at the level of the cephalic extremity
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(oral mucosa) and caudal (preputial or vaginal
mucosa). Assessment of capillary refill time
will also be considered. A refill time of more
than 2 seconds  suggests  peripheral
vasoconstriction, typically as a response to
decreased cardiac output. Pale mucous
membranes suggest a diminished cardiac
output, shock, or anemia (Ware et al., 2021).
The hyperemic appearance of mucous
membranes (plethora) may indicate venous
congestion (in right congestive heart failure) or
polycythemia (in right-left congenital heart
shunts, encountered within the septal
ventricular defect or persistence of the arterial
duct). Peripheral vasodilation from sepsis or
vasodilator drugs are other causes.

Cyanosis is classified as central (low arterial
oxygen content) or peripheral (due to intense
vasoconstriction from hypotension or reduced
perfusion). In most cases cyanosis indicates a
low oxygen tension, either centrally or due to
obstruction of arterial blood flow. For example,
lack of oxygen diffusion at the alveolar level or
intrapulmonary  shunting can accompany
respiratory disease and distress. Similarly, a
low arterial oxygen can be due to right-to-left
shunting defects at the level of the heart, as
with tetralogy of Fallot.

Differential cyanosis affecting the caudal part
of the body could indicate a right-to-left
(“reversed”) patient ductus arteriosus with
severe pulmonary hypertension. A similar
finding can occur in cat with distal aortic
thromboembolism where there is the pale or
cyanotic appearance of the affected, ischemic
limbs (Smith et al., 2004).

Usually, cyanosis is a late sign in acquired
cardiac disease associated with pulmonary
dysfunction due to lung edema or atelectasis
from pleural effusion. It can also present as a
symptom of hypoxemia in dogs with primary
or chronic obstructive respiratory diseases.

The assessment of respiratory rate and
pattern of ventilation

Respiratory pattern and respiratory rate often
change with heart disease: the degree of
tachypnea and dyspnea usually reflect the
severity of the heart pathology (Dickson,
2018). Normal respiratory rate in dogs and cats
is less than 30 respiration per minute (rpm).
Respiratory frequency exceeding 30 rpm is



considered to be tachypnea (Ohad, 2013;
Boswood, 2020). Often but variably changes in
respiratory rate or pattern is associated with
altered breath sounds detectable during respire-
tory auscultation (also see Auscultation later).
Tachypnea (increased respiratory rate without
distress or increased depth of ventilation) has
numerous causes, including lung and pleural
space disorders that can arise from congestive
heart failure. Tachypnea minimizes the work of
breathing when the lung is restricted such that
it represents an early sign of pulmonary edema
or pleural effusion that might be recognized by
the observant client during home monitoring. It
is important not to confuse simple tachypnea,
or polypnea, due to thermoregulation (in dogs),
stress, fever, or pain with tachypnea caused by
cardiac, respiratory or systemic pathology or
intoxications. This distinction often requires
further diagnostic testing such as thoracic
ultrasound or radiography.

Dyspnea is the sensation of difficult, sometimes
painful, breathing reported by people. In
veterinary medicine it is sometimes used to
indicate respiratory distress or hyperpnea
(increased rate and depth of ventilation).
Regardless of the terminology used, dyspnea is
an important sign of respiratory, cardiac, or
systemic disease and requires rapid etiological
diagnosis to institute life-saving therapy.

The causes of respiratory distress or dyspnea
are numerous and can be tracked from the
upper airways, through the bronchopulmonary
system, to the pleural space and even the
muscles of ventilation. Animals with extra
thoracic airway obstruction have a pronounced
or more rapid respiratory effort. (Corcoran,
2010) as do dogs with severe abdominal
distension from any cause.

Respiratory rate is not significantly increased
as long inspiration usually reduces the work of
breathing, and exhalation is usually normal
(MacPhail, 2014). However, if the dog
develops hyperthermia, both increased depth
and rate might be detected. Patients with fixed
upper airway obstructions tend to have
prolonged phases of both inhalation and
exhalation.

The most common cardiac cause of dyspnea in
dogs is pulmonary edema following left-sided
congestive heart failure. In cats, dyspnea of
cardiac origin often indicates the presence of
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pleural effusion and/or pulmonary edema, also
associated with congestive heart failure. Edema
might be  associated with  abnormal
auscultation, variably louder bronchial sounds
or crackles. Pleural effusions result in louder
referred tracheal sounds dorsally with muftling
of breath and heart sound ventrally (fluid line).
More severe respiratory distress is clinically
translated by the presence of discordant or
paradoxical pattern of breathing, evidenced by
the presence of movement of the chest and
abdominal walls inward, due to the diaphragm
contraction during inspiration (Little, 2012). It
is called paradoxical because it opposes the
normal expansion of the thoracic cavity, thus
aggravating respiratory failure. The observation
of this respiratory type draws attention to the
presence of a severe pathology and requires
rapid therapeutic action (Cole, 2008).
Progressive, chronic tachypnea or dyspnea also
may be associated with right-sided congestive
heart failure secondary to ascites or pleural
effusion. These signs are also observed in some
dogs with cardiac compression due to large
pericardial effusions.

Orthopnea in humans indicates an inability to
breath comfortably while recumbent. As
mentioned under “General Examination” dogs
and cats with respiratory distress assume
certain breathing positions. Typically, there is
stretching and elevation of the neck and head
and abducted elbows to open the thoracic inlet
and expand the chest cavity. Dogs typically
stand or sit; cats assume sternal recumbency.
The presence of a frightened facies with flared

nostrils and retracted lips often indicates
serious pulmonary dysfunction or pleural
effusion. These animals have minimal

respiratory reserve and the least stress can be
fatal (Sigrist, 2011).

Animals alter their pattern of ventilation to
minimize the work of breathing. Patients with
dynamic upper airway obstructions, such as
laryngeal paralysis, can develop respiratory
distress that is often worsened by exercise.
Aditionally, these animals have prolonged
inspiration, as negative intrathoracic pressure
tends to collapse the affected area, narrowing
the lumen. Obstructive inspiratory sounds are
detectable with the stethoscope and frequently
audible during observation alone.



Animals with intrathoracic airway obstructions,
such as dogs with bronchomalacia or chronic
bronchitis or cats with asthma, tend to develop
increased respiratory effort during exhalation.
Bronchoconstriction usually creates a whistling
or high pitched sound (wheeze) during
expiration association with contraction of the
abdominal muscles that improve the expulsion
of air from the lungs (Corcoran, 1995).

Examination of the Jugular Veins

Distention of jugular veins and jugular pulsa-
tion extending towards the mandible are
clinical signs of right-heart dysfunction. The
examination is performed with the animal in a
standing position and the head elevated parallel
with jaw parallel to the floor. Abnormal pulsa-
tions are associated with elevated central
venous pressure, vigorous right atrial contrac-
tion, tricuspid regurgitation, and arrhythmias
causing atrioventricular dissociation. Jugular
pulsations might be accentuated during
abdominal compression (abdomino- or hepto-
jugular reflex).

The jugular pulse identified with right-sided
congestive heart failure is often related to
tricuspid regurgitation that increases right atrial
pressure during systole. In congenital pulmo-
nary stenosis or with pulmonary hypertension
the pulse occurs when the right atrium contracts
more vigorously in end-diastole against a less
compliant, hypertrophied ventricle (Radulescu,
2019). With ventricular tachycardia or com-
plete atrioventricular block the jugular pulse is
intermittent associated with atrial contraction
on a closed tricuspid valve (cannon waves)
Distention of jugular veins indicates increased
systemic venous pressure or obstruction to
venous return. It occurs in right heart failure,
pericardial effusions, heart base tumors and
with large mediastinal masses. It can also be
seen with over-infusion of intravenous fluids,
especially in cats with otherwise mild cardiac
dysfunction or those in volume-retentive states
(Tonita, 2000).

Palpation

The cervical region of cats (and dogs) should
also be evaluated for the presence of
lymphadenopathy and thyroid tumors that in
cats are often associated with secondary cardiac
changes. In dogs thyroid carcinoma can
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partially obstruct the

metastasizes to the thorax.
Palpation of the trachea can highlight a
collapse, tumor masses or increased sensitivity.
A slight pressure exerted from the side inwards
of the larynx can exacerbate the inspiratory
stridor in dogs with laryngeal paralysis (Ware,
2011).

Palpation of the chest is necessary to identify
the point of maximum intensity (PMI) of the
heart (apical) beats and recognize precordial
vibrations (thrills) of a loud cardiac murmur.
The normal cardiac impulse (apical beat) is
located at the left side, in the 4" to 6™
intercostal spaces, usually at the 5" ICS in
dogs. Decrease in intensity can occur with
obesity, pleural or pericardial effusions, an
intrathoracic mass, pneumothorax, or in cases
of depressed cardiac contractility. Increased
apical beat intensity occurs in young or thin
animals or in setting of a hyperdynamic
circulation. Left ventricular dilation can
displace the ventricular apex ventrally and
caudally. Right ventricular hypertrophy can
increase the intensity of the right apical impulse
(normally at the 3rd or 4™ intercostal space and
weaker than the left apical impulse).

Palpation of the abdomen can identify
hepatomegaly and ascites in right-sided
congestive heart failure. Other abnormalities,
such as tumor masses or lymphadenopathy
might be found suggesting the presence of lung
metastases.

Abdominal palpation to identify ascites or
hepato- or splenomegaly is difficult to achieve
in obese animals (ultrasound investigation is
preferred). In cats, palpation of the kidneys
with small dimensions usually indicates chronic
kidney disease and can be associated with
systemic  hypertension  (Stepien, 2011).
Irregular renal surfaces representing prior
infarctions are sometimes identified in cats
with cardiomyopathy.

The arterial pulse is palpated and analyzed in
standing position, most frequently at the
femoral artery. It is analyzed in terms of rate,
regularity (rhythm), quality (intensity) and
symmetry. In congestive heart failure,
tachycardia is noted, translated by an increase
in pulse frequency, while in respiratory
diseases it is more likely to notice a normal rate
of it, or the presence of sinus arrhythmia

airway and often



(Smith et al., 2015). Pulse deficits are an
important indicator of a cardiac arrhythmia (as
in atrial fibrillation).

The hypokinetic pulse is characteristic of
diseases with low stroke volume, as with heart
failure, or impaired ejection dynamics, as with
subaortic stenosis. The hyperkinetic (bounding)
pulse indicates the presence of a widened pulse
pressure between systole (normal to increased)
and diastole (lower than normal). Typical
causes are left-to-right patent ductus arteriosus,
moderate to severe aortic regurgitation, and
third degree atrioventricular block with
ventricular escape rhythm.

Percussion

Chest percussion is a very efficient method for
recognition of large pleural effusions but
requires experience and is a lost clinical art.
The typical features of pleural effusion are
hyporesonant (duller) sounds bilaterally and the
presence of a dorsal fluid line. Similar findings
can occur with large mediastinal masses
(cranially) or pulmonary masses. The area of
cardiac dullness is also expanded with large
pericardial effusions. Conversely
hyperresonance on thoracic wall percussion
may indicate the diagnosis of pneumothorax.

Auscultation

Auscultation is the most important stage of the
clinical examination for detecting heart disease.
Two fundamental abnormalities are identified
by auscultation. The first involves the transient
(brief) sounds, including the heart sounds.
Abnormalities in the number, rate, rhythm,
intensity, or character of the transient sounds
might be detected. The second major
abnormality detected by auscultation is the
presence of pathologic cardiac murmur. Some
key points regarding cardiac and respiratory
auscultation are summarized below.

Technique Proper use of the stethoscope offers
valuable clues for detecting cardiac and
respiratory  diseases. It must be done
systematically and with care, with the animal in
standing position, so that the heart is
anatomically positioned. It is aimed at
examining the heart, lungs and pleural space,
and the upper respiratory tract (Dennis, 2013).
Auscultation should be done in a quiet
environment. The examiner should listen
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carefully over the four canine heart valves, and
over the left craniodorsal base of the heart
(over the ascending aorta and pulmonary
trunk). These areas should also be palpated for
precordial thrills. In cats, auscultation is
focused to the sternal edges both apically —
near the palpable beat — and cranially (Fox,
1999).

For small dogs and cats it is recommended to
use the pediatric stethoscope, mainly the
diaphragm, because heart sounds of animals are
best detected with this chest piece. Lower
frequency sounds, especially the ventricular
gallop in dogs and soft murmurs of aortic
regurgitation are sometimes heard better with
the stethoscope bell.

The left apical beat is initially identified by
palpation. It represents the ventral part of the
listening area for the mitral valve and
corresponds to the intercostal space (ICS) 5 in
most dogs, ventral to the costochondral
junction. Mitral sounds project ventrally down
the solid structure of the left ventricle towards
the apex (Murmurs from the mitral valve are
often loud at the apex as well as dorsal the
mitral valve itself). From here, the stethoscope
moves one intercostal cranially and dorsally to
the aortic valve area (ICS 4); ventral and
cranial to the aortic valve is the pulmonary
valve (ICS 2-3). Murmurs from both semilunar
valves project dorsally above the costochondral
junction (Strickland et al., 2008).

Special attention is required to auscultation of
the left axillary region, especially in young
animals, for the detection of the continuous
murmur of PDA.

Heart Sounds. The systolic heart sound Sl
(generated by the vibrations around closure of
the atrioventricular valves) is loudest over the
mitral valve and left apical region. The second
sound (indicating the onset of diastole) is
generated by vibrations around the closure of
the semilunar valves); it is most prominent over
the aortic and pulmonary valve areas.

The intensity of the cardiac sounds may be
diminished, suggesting the presence of pleural,
pericardial  effusion, tumor masses or
pneumothorax. Depressed contractility from
dilated cardiomyopathy is an under-recognized
cause of soft heart sounds. The intensity of the
first sound increases with progressive



cardiomegaly in primary (degenerative) mitral
valve disease (Haggstrom, J., 1995).
Increased heart rate (tachycardia) is most often
due to sympathetic activation. It can be seen as
a physiological response (exertion, fear) or
secondary to disease (fever, pain, anemia,
hypovolemia, or heart failure).
Normal values for heart rate (Ettinger et al.,
2017):
e Dogs: 70-160 (adult dogs); 60-140
(giant breeds); 80-180 (toy breeds); up
to 220 in puppies;
Cats: 140-240 (hospital measurement);
100-120 (home environment).
A decrease of the heart rate (bradycardia) is
physiologically found in sighthounds (such as
greyhounds), working athletic breeds (such as
the border collie), and in the context of various
organ or systemic pathologies, including
hypothyroidism, hyperkalemia, hypothermia,
and acute renal failure. Iatrogenic causes
include sedatives and tranquilizers, beta-
adrenergic blockers, and some antiarrhythmic
drugs (Abbott, 2001) (Smith et al., 2008).
Cardiac  rhythm  disturbances might be
recognized by auscultation. Dogs normally
have sinus arrhythmia, typically associated
with respiration. Exercise will usually resolve
this, at least briefly. Exaggerated sinus
arrhythmia might be noted in the setting of
respiratory diseases; conversely, it is usually
absent in heart failure (Bonagura et al., 1999).
Pathologic rhythms can be intermittent and
challenging to identify. For example, the pause
after a single premature beat can mimic a sinus
block or a sinus arrest. The same thing does not
happen in the case of atrial fibrillation, which
can be easily recognized by the presence of
heart beats of different intensity accompanied
by a noncyclical, chaotic rhythm.
Abnormal transient sounds usually indicate
pathology. Splitting S1 or S2 sounds in dogs is
usually caused by a conduction delay as with
bundle branch block or ventricular ectopy.
Splitting of S2 is mainly due to delayed closure
of the pulmonary valve, which can also occur
in pulmonary stenosis, ventricular septal defect
or severe pulmonary hypertension.
An S3 (ventricular filling) or S4 (atrial
contraction) sound is considered pathologic in
dogs and in cats. These “gallops” are indicative
of diastolic dysfunction, most often some form
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of cardiomyopathy or of congestive heart
failure (Vancheri, 1989). Systolic clicks or
additional sounds are generally due to valvular
disease. The systolic click is most often
attributed to the presence of mitral valve
prolapse (de Madron, 2000). In most cases,
isolated mitral and tricuspid valve systolic
clicks are signs of mild valvular disease.
However, gallops and systolic clicks in younger
cats are especially concerning because they
often indicate hypertrophic cardiomyopathy.
important indication for the presence of heart
disease (Saponaro, 2023)

Cardiac  murmurs are generated by the
vibration of the cardiac anatomical structures
under the influence of the blood flow that
generates turbulence under certain conditions.
Most often a murmur is associated with an
increased ejection velocity (as with functional
or physiologic murmurs) or a high velocity
turbulent jet (as with most pathologic
murmurs). High velocity jets are associated
with valvular regurgitation and stenosis,
restrictive ventricular septal defects, and left-
to-right shunting PDA. However, there are
other reasons for murmurs, including reduced
blood viscosity (anemia), ejection into dilated
great vessels, and sudden changes in the
diameter of a flow pathway including fixed and
dynamic obstructions (C6té et al., 2015).

The timing of the murmur in the heart cycle
classifies it as systolic, diastolic, or continuous.
Systolic murmurs are most common and occur
during ventricular contraction. These include
mitral and tricuspid regurgitation, ventricular
septal defect, increased pulmonary flow of
atrial septal defect, (sub)aortic and pulmonic
stenosis, and those
physiologic/innocent/functional murmurs not
associated with cardiac disease. Timing can be
subdivided into early (proto-), middle (meso-)
or late (tele-) systole. Loud murmurs of
ventricular septal defect and of mitral and
tricuspid regurgitation (from myxomatous
disease) are usually holosystolic. Some
distinguish between holosystolic, where the
second heart sound 1is still heard, and
pansystolic where only the cardiac murmur is
audible (for example - ventricular septal
defect); however, this is less common today.



Diastolic murmurs are heard after S2; these are
rare to uncommon in small animals. The most
common example is the decrescendo diastolic
murmur of aortic regurgitation caused by
infective (bacterial) endocarditis (Smith et al.,
2015). Stenosis of the mitral or tricuspid valve
or inlets are rare.

Continuous murmurs are present throughout
systole and diastole, as happens with persis-
tence of the arterial duct (PDA). In this
congenital heart defect, there persistent
difference in pressure in between the aorta and
the pulmonary artery generates a continuous
murmur. Thus, one can hear a higher intensity
murmur in systole (when the pressure
differences are greatest) and a lower intensity
murmur in the diastole. Should pulmonary
hypertension develop, the diastolic murmur
becomes softer or inaudible; this is often the
case in cats.

The combination of systolic and diastolic
murmurs can mimic a continuous murmur. In
dogs this situation is most common with
subaortic stenosis with moderate to severe
aortic regurgitation, ventricular septal defect
with secondary aortic insufficiency, and
pulmonary stenosis accompanied by severe
pulmonary regurgitation (or with pulmonary
hypertension).

Phonocardiography — the graphical recording
of heart sounds and murmurs — can specify the
timing and the “shape” of a heart murmur,
although this is not routinely done. For
example, the crescendo-decrescendo (diamond-
shaped) murmur of pulmonary or aortic
stenosis contrasts with the more constant
intensity (“plateau”-shaped) murmurs of mitral
regurgitation and ventricular septal defect. This
distinction is difficult to appreciate when
listening with the stethoscope (Fonfara, 2015),
especially when murmurs are loud.

The point of maximal intensity (PMI) of a
murmur and its timing in the cardiac cycle are
the most important clinical features
distinguishing heart murmurs. Firstly, the
typical PMI for different murmurs are over the
respective valve areas.
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Figure 1. Representation of cardiac ascultation areas for
the left (A) and right hemithorax (B) (after Englar R.E.,
2017, modified)

(M - mitral valve area auscultation; A - aortic valve area
auscultation; P - pulmonary valve area auscultation;

T - tricuspid valve area auscultation)

Additionally, mitral regurgitation is heard at the
left apex and radiates dorsally (and to the right
if loud). Tricuspid regurgitation is over the
right thorax (3-4 ICS) above the sternum,
whereas, a typical murmur of VSD is loudest
over the right sternal border (Englar R.E.,
2017). Murmurs of (sub)aortic and pulmonic
stenoses radiate cranially and for PS dorsally
into the main pulmonary artery at the left-
craniodorsal cardiac base. Subaortic stenosis
also radiates towards the apex and into the right
thorax (ascending aorta) when loud (Allen et
al., 1998).
The murmur of PDA is also heard best over the
left craniodorsal cardiac base because the high-
velocity jet enters the pulmonary artery.
Functional (physiologic) murmurs in dogs are
nearly always soft, proto-mesosystolic in
timing, and loudest over the aortic valve,
pulmonic valve, or left craniodorsal cardiac
base. In cats these functional murmurs are soft
to moderate and typically due to sympathetic
activation. The PMI in cats is over the left or
the right cranial sternal edges.

Murmur intensity is most often classified into

six grades, using a modified Levine grading

scale:

e Grade 1 — faint, perceived after a few
minutes of listening in a very quiet room.
These are usually localized murmurs.

e Grade 2 — soft but immediately perceptible;
usually focal, at the level of a single valve
or listening area.



e Grade 3 — moderate intensity murmur that
radiates to other adjacent listening areas.
Grade 4 — loud, but not accompanied by a
precordial vibration or thrill. Radiates
widely.

Grade 5 — loud murmur with a precordial
thrill.

Grade 6 — loud murmur audible without a
stethoscope in some cases or with the chest
piece off the thorax; always accompanied
by a precordial thrill.

Numerous modifications of murmur grading
appear in the veterinary literature with none
following the exact original description of
Levine (Cote, 2015). Some suggestions relate
loudness of a murmur to intensity of heart
sounds; others have condensed the scale to five
or four grades of murmurs (Rishniw, 2018).
There is no veterinary consensus at this point.
The murmur intensity does not always correlate
with the severity of the disease. In some heart
conditions there is this direct correlation, for
example, in aortic stenosis and pulmonary
stenosis the intensity and time of peak do
correlate — louder and later are worse. In
primary mitral valve disease of dogs, soft
murmurs indicate mild disease and murmurs
with precordial thrills have a greater likelihood
for cardiac remodeling, but the “middle grades”
have much overlap in terms of severity. In
other heart diseases, the intensity of the
murmur is not directly proportional to the

severity: ventricular septal defect, mitral
regurgitation associated ~ with  dilated
cardiomyopathy, or murmurs in feline
cardiomyopathy are good examples that

correlate poorly (Visser, 2018).

Respiratory auscultation is performed at the
level of the specific areas of each segment.
Normal breath sounds include tracheal sounds
(from panting) in dogs, and bronchovesicular
sounds over the thorax. There are both
inspiratory and expiratory components to these
sounds. Tracheal sounds are loudest over the
cervical region and have a distinct “pause”
between the phases. These usually radiate to
the thorax where they are misinterpreted as
pathologic “harsh” sounds (a description of no
medical relevance). Tracheal sounds can help
to exclude pleural effusions if well-heard from
dorsal to ventral, bilaterally. Otherwise they are
a nuisance that obscure other breath sounds.
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Bronchovesicular sounds include contributions
from both the lungs (vesicular) and larger
airways (bronchial). There is little separation
between phases with normal breathing. With
respiratory disease, the sounds are often more
intense during expiration. Accentuation is
generally not a sign of high specificity for the
presence of respiratory diseases. Asymmetry of
bronchial sounds can develop if different lung
lobes are affected; sometimes sounds become
louder in diseased lungs but at other times they
are attenuated, especially if there is bronchial
obstruction. Attenuation of bronchovesicular
sounds is also associated with obesity,
atelectasis, pleural fluid, or thoracic masses.
Adventitious respiratory sounds include stridor,
wheezes, rhonchi, crackles (rales) and friction
rubs. Critical upper airways obstructions are
usually audible without the need for a
stethoscope.

The perception of an increased sound or noise
in upper airway auscultation (over the larynx
and cervical trachea) suggests an obstructive
upper respiratory condition. Respiratory stridor
has high intensity, and accompanies the
turbulent passage of air to the larynx or upper
bronchial airways. It can occur both in fixed
obstructions (it is evident in inspiration and
exhalation) and in dynamic ones located at the
upper airways (it appears only during
inspiration).

Respiratory stertor is a low-toned noise, similar
to snoring produced in the nasopharyngeal or
pharyngeal pathway, generated by obstruction
in one of these zones. It is most often due to
soft palate redundancy and entrapment and
frequently associated with stenotic phenomena
of brachycephalic breeds. Increased nasal
resistance usually accentuates the obstructive
sounds. It is present during inspiration but
might also be evident with exhalation (Dupré,
2016).

Abnormal respiratory sounds originating in the
bronchial tree include rhonchi and wheezes.
The rhonchus is similar in quality to stertor but
localized to the thorax. It indicates fluid or
mucous in larger bronchi. Wheezes are high-
pitched expiratory sounds typical of bronchial
narrowing as observed with feline bronchial
asthma. Wheezes are also common when there
is lobar or mainstem bronchial collapse or
compression.



The detection of lung crackles (previously
termed “rales”) has distinct pathological
relevance, being present in the inspiration and
early expiration. In the setting of congestive
heart failure it is a sign of severe pulmonary
edema (Ettinger et al., 2016). However, the
loudest crackles are frequently detected with
pulmonary fibrosis or other primary lung
disease that result in explosive opening of the
smallest airways as this loose radial traction.
Thus crackles cannot be assumed to be fluid.

CONCLUSIONS

Going through the stages of the clinical
examination facilitates the establishment of the
diagnosis  of  cardiac  pathology, its
differentiation or association with a respiratory
pathology, as well as the evaluation of the
proposed therapeutic response. Depending on
the patient's condition, the emergency
therapeutic conduct is instituted, or, if this
allows, the paraclinical investigations with
diagnostic value are continued.

ACKNOWLEDGEMENTS

This article work was carried out with the
support of John D. Bonagura, DVM, MS,
DACVIM (Cardiology, Internal Medicine),
Adjunct Professor, Department of Clinical
Sciences, College of Veterinary Medicine,
North Carolina State University Professor
Emeritus, Veterinary Clinical Sciences, The
Ohio State University

REFERENCES

Abbott, J. (2001). Auscultation: What type of practice
makes perfect? Journal of Veterinary Internal
Medicine, 15(6), 505-506.

Allen, D. G., & Kruth, S. A. (1988). Small animal
cardiopulmonary medicine. BC Decker Inc.

Baisan, R. A., Condurachi, E. I., & Vulpe, V. (2020).
Short-term heart-rate variability in healthy small and
medium-sized dogs over a five-minute measuring
period. Journal of Veterinary Research, 64(1), 161.

Bonagura, J. D., Lehmkuhl, L. B., Fox, P., Sisson, D., &
Moise, N. (1999). Textbook of Canine and Feline
Cardiology.

Boswood A, Gordon SG, Haggstrom J, Vanselow M,
Wess G, Stepien RL, Oyama MA, Keene BW,
Bonagura J, MacDonald KA, Patteson M, Smith S,
Fox PR, Sanderson K, Woolley R, Szatmari V,
Menaut P, Church WM, O'Sullivan ML, Jaudon JP,

65

Kresken JG, Rush J, Barrett KA, Rosenthal SL,
Saunders AB, Ljungvall I, Deinert M, Bomassi E,
Estrada AH, Fernandez Del Palacio MJ, Moise NS,
Abbott JA, Fujii Y, Spier A, Luethy MW, Santilli
RA, Uechi M, Tidholm A, Schummer C, Watson
P.(2020). Temporal changes in clinical and
radiographic variables in dogs with preclinical
myxomatous mitral valve disease: The EPIC study. J
Vet Intern Med. 2020 May;34(3):1108-1118.

Chong, L. Y., & YiJun, L. (2017). Cat
owners perception towards feline heart disease: a
behavioural study. Veterinary sciences, 90.

Cole, S. G., & Drobatz, K. J. (2008). Emergency
management and critical care. In Manual of canine
and feline cardiology (pp. 342-355). WB Saunders.

Corcoran, B. M. (2010). Respiratory pathophysiology.
In BSAVA  Manual of Canine and Feline
Cardiorespiratory Medicine (pp. 108-111). BSAVA
Library.

Corcoran, B. M., Foster, D. J., & Fuentes, V. L. (1995).
Feline asthma syndrome: a retrospective study of the
clinical presentation in 29 cats. Journal of Small
Animal Practice, 36(11), 481-488.

Cot¢é E, Edwards NJ, Ettinger SJ, Fuentes VL,
MacDonald KA, Scansen BA, Sisson DD, Abbott JA
(2015). Management of incidentally detected heart
murmurs in dogs and cats. J Vet Cardiol., 2015 Dec;
17(4): 245-61.

de Madron, E. (2000). Textbook of Canine and Feline
Cardiology: Principles and Clinical Practice. The
Canadian Veterinary Journal, 41(3), 246.

Dennis, S. (2013). Sound advice for heart
murmurs. Journal of Small Animal Practice, 54(9),
443-444.

Dickson, D., Little, C. J. L., Harris, J., & Rishniw, M.
(2018). Rapid assessment with physical examination
in dyspnoeic cats: the RAPID CAT study. journal of
small animal practice, 59(2), 75-84.

Dupré, G., & Heidenreich, D. (2016). Brachycephalic
syndrome. Veterinary Clinics:  Small  Animal
Practice, 46(4), 691-707.

Englar, R. E. (2017). Performing the Small Animal
Physical Examination. John Wiley & Sons.

Ettinger, S. J., Feldman, E. C., & Cote, E. (2016).
Textbook of Veterinary Internal Medicine-Inkling E-
Book. Elsevier health sciences.

Ferasin, L., & Linney, C. (2019). Coughing in dogs:
what is the evidence for and against a cardiac cough?
Journal of Small Animal Practice, 60(3), 139-145.

Fonfara, S. (2015). Listen to the sound: what is normal?
Journal of Small Animal Practice, 56(2), 75-76.

Fox, P. R. (1999). Canine and feline cardiology.
Cardiovascular Pathology, 817-844.

Ineson, D. L., Freeman, L. M., & Rush, J. E. (2019).
Clinical and laboratory findings and survival time
associated with cardiac cachexia in dogs with
congestive heart failure. Journal of veterinary
internal medicine, 33(5), 1902-1908.
https://doi.org/10.1111/jvim.15566

Tonita, L. (2000). Patologie si clinica medicala
veterinard. Universitatea de Stiinte Agronomice si
Medicina Veterinara Bucuresti.



Keene, B. W., Atkins, C. E., Bonagura, J. D., Fox, P. R.,
Higgstrom, J., Fuentes, V. L., ... & Uechi, M. (2019).
ACVIM consensus guidelines for the diagnosis and

treatment of myxomatous mitral valve disease in
dogs. Journal of veterinary internal medicine, 33(3),
1127-1140.

Kittleson, M. D., & Kienle, R. D. (1998). Small animal
cardiovascular medicine. Mosby; 195-217

Haggstrom, J., Kvart, C., & Hansson, K. (1995). Heart
sounds and murmurs: changes related to severity of
chronic valvular disease in the Cavalier King Charles
spaniel. Journal of veterinary internal
Medicine, 9(2), 75-85.

Le Boedec, K., Arnaud, C., Chetboul, V., Trehiou-Sechi,
E., Pouchelon, J. L., Gouni, V., & Reynolds, B. S.
(2012). Relationship between paradoxical breathing
and pleural diseases in dyspneic dogs and cats: 389
cases (2001-2009). Journal of the American
Veterinary Medical Association, 240(9), 1095-1099.

Little, S. E. (2012). The cat: clinical medicine and
management, Saunders Elsevier, St. Louis, Missouri,
USA.

MacPhail, C. (2014). Laryngeal disease in dogs and

cats. Veterinary Clinics: Small Animal
Practice, 44(1), 19-31.
Martin, M. Ww., & Corcoran, B. M.

(1997). Cardiorespiratory diseases of the dog and
cat. Blackwell Science Ltd..

Ohad DG, Rishniw M, Ljungvall I, Porciello F,
Haggstrom J. (2013). Sleeping and resting respiratory
rates in dogs with subclinical heart disease. J Am Vet
Med Assoc. 2013 Sep 15; 243(6): 839-43. doi:
10.2460/javma.243.6.839. PMID: 24004231.

Penning VA, Connolly DJ, Gajanayake I, McMahon LA,
Luis Fuentes V, Chandler KE, Volk HA. (2009).
Seizure-like episodes in 3 cats with intermittent high-
grade atrioventricular dysfunction. J Vet Intern Med.,
2009 Jan-Feb; 23(1): 200-5.

Pope, E. R.,, & Constantinescu, G. M. (2009).
Brachycephalic Upper Airway Syndrome. Kirk's
Current Veterinary Therapy XIV. St. Louis: Saunders
Elsevier, 619-21.

Radulescu, A., Cristescu, B., Harrigan, P., & lonita, L.
(2019). Reversal of cardiac pathology by
echocardiography in a dog with severe pulmonary
hypertension secondary to heartworm disease-case
report. Scientific  Works. Series C. Veterinary
Medicine, 65(1), 79-88.

Rishniw M. (2018). Murmur grading in humans and
animals: past and present. J Vet Cardiol., 2018 Aug;
20(4): 223-233.

Rijnberk, A., & De Vries, H. W. (Eds.) (1995). Medical
history and physical examination in companion
animals. Springer Science & Business Media.

66

Saponaro V, Mey C, Vonfeld I, Chamagne A, Alvarado
MP, Cadoré JL, Chetboul V, Desquilbet L. (2023).
Systolic third sound associated with systolic anterior
motion of the mitral valve in cats with obstructive
hypertrophic cardiomyopathy. J Vet Intern Med.,
2023 Sep-Oct; 37(5): 1679-1684.

Sigrist, N. E., Adamik, K. N., Doherr, M. G., & Spreng,
D. E. (2011). Evaluation of respiratory parameters at
presentation as clinical indicators of the respiratory
localization in dogs and cats with respiratory
distress. Journal of veterinary emergency and critical
care, 21(1), 13-23.

Slupe, J. L., Freeman, L. M., & Rush, J. E. (2008).
Association of body weight and body condition with
survival in dogs with heart failure. Journal of
veterinary internal medicine, 22(3), 561-565.

Smith, F. W., Tilley, L. P., Oyama, M., & Sleeper, M. M.
(2015). Manual of canine and feline cardiology.
Elsevier Health Sciences.

Smith, F. W, Tilley, L. P., Oyama, M., & Sleeper, M. M.
(2015). Manual of canine and feline cardiology.
Elsevier Health Sciences.

Smith, S. A., & Tobias, A. H. (2004). Feline arterial
thromboembolism: an update. Veterinary Clinics:
Small Animal Practice, 34(5), 1245-1271.

Stepien, R. L. (2011). Feline systemic hypertension:
diagnosis and management. Journal of feline
medicine and surgery, 13(1), 35-43.

Strickland, K. N., Tilley, L. P., Smith, F. W. K., Oyama,
M. A., & Sleeper, M. M. (2008). Manual of canine
and feline cardiology.

Tilley, L. P., Smith Jr, F. W. K., Oyama, M. A, &
Sleeper, M. M. (2008). Manual of canine and feline
cardiology. 4th ed., Saunders.

Vancheri, F. E. D. E. R. I. C. O., & Gibson, D. E. R. E.
K. (1989). Relation of third and fourth heart sounds

to blood velocity during left ventricular
filling. Heart, 61(2), 144-148.

Visser, L. C. (2018). Feline hypertrophic
cardiomyopathy. Textbook  of  Small ~ Animal

Emergency Medicine, 349.

Vulpe, V., Meomartino, L., Daraban, C., Serban, C. M.,
Tipisca, V., Baisan, R. A. (2014). Radiologie
veterinara - manual practic. Ed. Performantica, lasi.

Ware, W. (2011). Cardiovascular disease in small
animal medicine. CRC Press.

Ware, W. A., Bonagura, J. D., & Scansen, B. A. (2021).
Abnormal Mucous Membrane Color.
In Cardiovascular Disease in Companion
Animals (pp. 247-252). CRC Press



