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Diagnose und Behandlung einer 
fortgeschrittenen, präklinischen 
myxomatösen Mitralklappen­
erkrankung bei Hunden ohne  
Echokardiographie
Die myxomatöse Mitralklappenerkrankung (MMVD) ist die 
häufigste Herzerkrankung bei Hunden. Eine angemessene 
Diagnose und Stadieneinteilung kann mit Hilfe einer echo-
kardiographischen Untersuchung erfolgen. Frühe Krank-
heitsstadien können von einer Klappeninsuffizienz und, in 
fortgeschrittenen Stadien, von einer Herzdilatation begleitet 
sein. Eine korrekte Diagnose dieser präklinischen Phase und 
die Feststellung der Herzvergrösserung sollten durchgeführt 
werden, um eine angemessene medizinische Behandlung zu 
empfehlen. Wenn eine Echokardiographie nicht zur Verfü-
gung steht oder von den Besitzern abgelehnt wird, können 
alternative Methoden zur Identifizierung der Krankheit und 
zur Vorhersage klinisch relevanter Kardiomegalie durchge-
führt werden. Dazu gehören die Auskultation des Herzens 
und die Beurteilung der Intensität des Herzgeräuschs, die 
durch Thoraxradiographie ermittelten Herzmasse anhand der 
vertebralen Herzgrösse und kardiale Biomarker, insbesonde-
re N-terminales Pro-B-Typ natriuretisches Peptid (NT-proB-
NP), die als Einzeltests oder in Kombination durchgeführt 
werden können, um Hunde mit erhöhtem Risiko für konge-
stives Herzversagen zu identifizieren, die frühzeitig mit Pi-
mobendan behandelt werden müssen. Insbesondere eine 
Herzgeräuschintensität ≥3/6 (mässig oder lauter), eine aus 
einer latero-lateralen Thorax-Röntgenaufnahme ermittelte 
vertebrale Herzgrösse ≥11,5 Einheiten und Plasmakonzent-
rationen des N-terminalen Pro-B-Typ natriuretischen Peptids 
von > 1100 pmol/l sind Befunde, die mit guter Spezifität auf 
das Vorhandensein einer klinisch relevanten Kardiomegalie 
hinweisen können. Es wurde ein praktischer Algorithmus 
entwickelt, der den Arzt bei der Behandlung von Hunden 
mit Verdacht auf eine Herzklappenerkrankung anleitet, aus-
gehend von der klinischen Untersuchung und unter Verwen-
dung der oben genannten zusätzlichen Tests, um geeignete 
Kontrollen und Therapien zu empfehlen.

Schlüsselwörter: Auskultation, Biomarker, Hund,  
Endokardiose, Pimobendan, Röntgenbild

Summary

Myxomatous mitral valve disease (MMVD) is the most 
common cardiac disease in dogs. Appropriate diagnosis and 
staging can be performed by means of an echocardiograph-
ic examination. Early disease stages might be accompanied 
by valvular insufficiency and, in more advanced phases, by 
cardiac dilatation. A correct diagnosis of this preclinical 
phase and identification of cardiac enlargement should be 
carried out in order to advise appropriate medical treatment. 
When echocardiography is not available or declined by the 
dog’s owners, alternative methods to identify the disease 
and predict clinically relevant cardiomegaly, can be per-
formed. Among these, cardiac auscultation and assessment 
of heart murmur intensity, cardiac dimensions obtained by 
thoracic radiography, by means of vertebral heart size, and 
cardiac biomarkers, in particular N-terminal pro-B-type 
natriuretic peptide (NT-proBNP), can be carried out as 
single tests or in combination, in order to identify dogs with 
increased risk of congestive heart failure, and needing an 
early treatment with pimobendan. In particular, a heart 
murmur intensity ≥3/6 (moderate or louder), a vertebral 
heart size ≥11,5 units obtained from a latero-lateral thorac-
ic radiographic view, and plasma concentrations of N-ter-
minal pro-B-type natriuretic peptide value > 1100 pmol/l, 
are findings that might suggest presence of clinically rele-
vant cardiomegaly with a good specificity. A practical algo-
rithm to guide clinicians in managing dogs with suspicion 
of valvular disease has been created, starting from clinical 
examination, and using the aforementioned additional tests 
in order to advise the appropriate controls and therapy.

Keywords: Auscultation, biomarker, canine, endocardiosis, 
pimobendan, radiography
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only 13 % of these patients progress to more severe and 
clinically relevant stages, with a rate of cardiac mortality of 
11 %.6 While the disease appears therefore relatively benign, 
if dogs develop severe cardiomegaly and congestive heart 
failure, most of them die within 6–9 months.5 Several fac-
tors might play a role in prognosticating death in dogs with 
MMVD. These can be mainly divided in clinical factors, 
such as increased age and heart rate, presence of syncope, 
dyspnea and arrhythmia, more severe class of heart failure, 
reduced exercise tolerance, laboratory parameters, such as 
increased N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) and cardiac troponin I concentrations, and 
echocardiographic variables.4,9,22,25 Among all these factors, 
echocardiographic variables represent the strongest and 
most studied predictors of death in cardiac patients. The 
veterinary literature has mainly focused on echocardio-
graphic variables reflecting cardiac dimensions, namely left 
ventricular and left atrial diameters, usually normalized for 
body weight.3,4,6,8,9,22,50 In MMVD the severity of the dis-
ease is affected by the regurgitant fraction of the mitral 
valve, that directly predisposes for cardiac enlargement. As 
the disease is usually a chronic and progressive process, the 
more severe are the valvular changes, the stronger is the 
cardiac remodeling, and therefore the degree of left atrial 
dilatation.7,16 Along with the dimension of the left atrium, 
another variable usually retaining significance in prognos-
ticating cardiac death in dogs with MMVD is the maximal 
velocity of the transmitral early diastolic wave.3,6,9,43,50

Classification
Over time several classification schemes have been proposed 
and adopted in order to stage MMVD in dogs. Although the 
progression of the disease is a “continuum” and dividing pa-
tients in discrete classes does not reflect the natural course of 
the disease, adopting a standardized classification scheme, 
has several advantages. These include improved communica-
tion between clinicians, when addressing a patient’s status, 
providing recommendations of appropriate testing and con-
trols over time, and offering indications for adequate treat-
ment strategies. In general patients with MMVD are staged 
based on four main aspects, namely presence or absence of 
disease, systemic effects of the disease itself when present, and 
presence or absence of clinical signs, and response to therapy 
when clinical signs are present. With systemic effects of 
MMVD, it is mainly referred to the activation of compensa-
tory mechanisms, that eventually induce activation of the 
renin-angiotensin-aldosterone system.28 Therefore an import-
ant factor that affects the classification of MMVD in dogs is 
presence or absence of a significant cardiomegaly. Since 
MMVD induces valvular regurgitation, the type of remod-
eling that is naturally observed is an eccentric cardiomegaly, 
and therefore left atrial and left ventricular dilatation, rather 
than wall hypertrophy.17

The most recent classification scheme for MMVD, has been 
derived from human guidelines, and it has been adapted for 

Introduction

The correct diagnosis and staging of cardiac diseases in dogs 
is crucial as it can impact survival and quality of life of these 
pets.28 Echocardiography is the gold standard to diagnose 
valvular diseases in humans and animals, and in veterinary 
medicine it still represents the best way to assess cardiac 
dimensions.14 The identification of cardiomegaly allows to 
appropriately detect advanced forms of cardiac diseases and 
therefore to correctly recommend treatments aimed to delay 
progression and improve survival.10 Although echocardiog-
raphy should always be advised in dogs suspected to have a 
cardiac disease, sometimes this tool might not be available 
or declined by the owners. Alternative methods to diagnose 
and stage valvular diseases in animals are therefore required. 
In this review, the author will give an overview of the most 
common canine valvular disease, the myxomatous mitral 
valve disease (MMVD), and review the available literature 
on diagnostic tests, alternative to echocardiography, that 
can be carried out in certain conditions. The final aim would 
be to offer a clinical tool to improve accurate diagnosis and 
staging of this common cardiac disease in dogs.

Canine myxomatous mitral valve  
disease

General aspects
Myxomatous mitral valve disease is the most common car-
diac disease in dogs, approaching a prevalence of 100 % in 
small breeds in advanced age.5 The mechanisms at the basis 
of MMVD formation and progression are only partially 
understood, with genetic, hemodynamic, and hormonal 
components all likely playing a role in the process.39 These 
factors induce a progressive degeneration of the valvular 
leaflets with formation of myxomatous plaques on the free 
edges of the valve, that tend to coalesce and eventually pro-
duce a complete disruption of the valvular geometry.5 Mi-
croscopic changes include, therefore, accumulation of pro-
teoglycans and glycosaminoglycans in the spongiosa layer 
(the central layer of the leaflet), and fragmentation and loss 
of the fibrosa layer (the “skeleton” and structural support of 
the leaflet).1 These abnormalities lead to an abnormal coap-
tation of the valvular leaflets and their prolapse, chordae 
tendineae elongation and rupture, and eventually to valvu-
lar insufficiency and cardiac enlargement. The cardiomeg-
aly is a consequence of an increased preload and compen-
satory left ventricular eccentric hypertrophy. Myocardial 
fiber elongation and disruption accompany states of mod-
erate to severe left atrial dilatation. In severe cases, the in-
crease in left atrial dimension reflects a chronic increase in 
intraluminal pressure, predisposing for clinical signs related 
to congestive heart failure and arrhythmias.17,18

Since valvular changes are progressive, MMVD in dogs 
tends to worsen over time. However, mortality rate is low 
in dogs that are asymptomatic at the time of diagnosis, and 
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them. In stage B1, the severity of MMVD is mild, and the 
heart shows almost no signs of remodeling (dilatation). 
There are no clinical studies in the literature where any type 
of treatment has been applied to this disease stage, and it is 
accepted that these dogs should not receive any pharmaco-
logic, nor dietary treatment. Of course, since the disease 
might progress slowly over time, annual controls should be 
planned.28 In stage B2, instead, the disease has reached a 
critical phase, where compensatory mechanisms have been 
activated leading to cardiac enlargement. At present a few 
studies have investigated the use of drugs trying to delay 
the progression of the disease and reduce mortality.8,10,29 
Among the different medications tested, pimobendan is the 
only one showing convincing results, and it is highly rec-
ommended at a dosage of 0,25–0,3 mg/kg q12h for this 
disease stage in the consensus statement.11,28 The use of 
other medications, such as angiotensin converting enzyme 
inhibitors, or spironolactone, is not supported by published 
evidence, and they are not recommended by the author of 
this review. Dogs in stage B2 might benefit of a specific diet, 
with reduced sodium intake, high palatability and adequate 
protein and calories content.28 Other medications, such as 
afterload reducers, like amlodipine, or beta-blockers might 
rarely be considered in specific cases, but their use is not 
supported by any scientific evidence, and therefore they are 
usually not prescribed, considering also risk of adverse ef-
fects, such as hypotension or kidney injury.

Identification of cardiomegaly

Cardiac auscultation
Cardiac auscultation is an essential part of the cardiovascu-
lar assessment of a dog. For a correct examination, cardiac 
auscultation should be performed in a quiet environment, 
with the dog in a standing position, possibly having a slow 
respiration, avoiding panting, in order to facilitate identifi-
cation of heart sounds and cardiac murmurs. Heart mur-
murs typical for MMVD, are systolic left sided, with the 
point of maximal intensity localized on the cardiac apex. 
Although some dogs affected by mild MMVD, might not 

dogs by the American college of veterinary internal medi-
cine (ACVIM) consensus statement, updated in 2019.28 The 
consensus recognizes four different stages, indicated by an 
alphabetic letter. The classification scheme is reported, sim-
plified, in Table 1. Excluding healthy dogs, predisposed to 
MMVD (stage A), the differentiation between stage B (as-
ymptomatic) and stages C and D (symptomatic), is based 
on clinical findings and detection of congestive heart fail-
ure.28 Clinical symptoms suggestive of heart failure are 
tachypnea, dyspnea, cough, representing signs of lung ede-
ma, that should be ideally objectified by detection of a in-
terstitial and/or alveolar lung patter on thoracic radio-
graphs.7 What, instead, might be more difficult to do is 
recognizing the presence of cardiomegaly, and therefore 
discriminating between substages of MMVD (namely stag-
es B1 and B2). Based on the consensus statement, stage B2 
can be diagnosed based on presence of a typical left apical 
systolic heart murmur of moderate intensity (≥3/6), and 
imaging findings, including thoracic radiography and echo-
cardiography.28 When the cardiac dimensions are above a 
certain cut-off limit, in presence of typical signs consistent 
with MMVD, dogs are classified as stage B2 (see following 
paragraphs for more details about diagnostic criteria). The 
importance about correctly staging dogs with MMVD is 
crucial in the management of these patients.

Treatment of stage B2
Treatment of MMVD varies according to disease severity, 
stage of disease, presented clinical signs, and subjective vari-
ability of each individual patient. The ACVIM consensus 
statement provides general indications on how to treat dogs 
based on published literature, results of prospective clinical 
trials, and expert opinion. The reader is addressed to the 
ACVIM consensus statement28 for a detailed description of 
these recommendations. In this review article, the author 
will only briefly focus on the treatment indications for dogs 
in stage B, as this stresses the importance of a correct rec-
ognition and classification of this disease stage.

Since stage B is subclassified in two substages, different 
treatment recommendations should be followed for each of 

Table 1: Classification scheme for dogs with MMVD modified from the American college of veterinary internal medicine consensus statement.

Disease  
stage

Description
Presence of  

cardiomegaly
Presence of conge- 
stive heart failure

Stage A
No identifiable structural heart disease, but at risk of possible future development (e.g. predisposed 

breeds)
No No

Stage B1 Dogs with MMVD without severe enough cardiomegaly to justify a treatment No or only mild No

Stage B2 Dogs with MMVD with severe enough cardiomegaly to justify a treatment Yes No

Stage C Dogs with MMVD, cardiomegaly and current or past clinical signs of congestive heart failure Yes Yes

Stage D
Dogs with MMVD, cardiomegaly and current or past clinical signs of congestive heart failure,  

refractory to standard therapy
Yes Yes

MMVD: myxomatous mitral valve disease.
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show any auscultation abnormality,20 the presence of a clin-
ically relevant mitral valve regurgitation almost always pro-
duces a turbulence of the blood flow that can be appreciat-
ed by a careful auscultation. A mitral valve regurgitation is 
not the only disease that might produce a murmur with 
these characteristics, therefore some differential diagnoses 
should be considered when a left sided systolic murmur is 
encountered during clinical examination.16 Among the most 
frequent diseases leading to this type of murmur, we should 
consider innocent (typical of puppies of young age) and 
functional (anemic) murmurs, congenital heart diseases 
(like mitral valve dysplasia, subaortic stenosis, pulmonic 
valve stenosis), or cardiomyopathies (like dilated cardiomy-
opathy).16 However, in most cases, a murmur with the afore-
mentioned characteristics, in an adult or senile dog, with 
typical signalment (small breed, or typically predisposed 
breeds), is associated with MMVD. Therefore, identifying 
a systolic murmur in a dog, should always raise the suspicion 
of an acquired valvular disease, and it might need further 
clarification. Heart murmurs with different characteristics, 
such a continuous, diastolic or right sided, should always be 
investigated by means of an echocardiographic examina-
tion, since they are likely associated with a severe cardiac 
disease, needing specific management. Similarly, systolic 
heart murmurs in dogs not typically predisposed for 
MMVD, but rather for dilated cardiomyopathy (like Do-
berman Pinscher, great Danes, Irish wolfhounds), require 
further tests performed by a veterinary cardiologist.16

The intensity of a heart murmur in dogs with MMVD can 
be roughly used to predict the severity of the valvular in-
sufficiency and the presence of cardiomegaly. Convention-
ally, heart murmur intensity is graded in six different degrees 
of severity (Table 2).16 Some authors have tried to simplify 
this classification, showing that the use of only four catego-
ries of murmur intensity might be adequate to clinically 
discriminate between dogs with mild, moderate or severe 
MMVD.35 Therefore, a systolic heart murmur of intensity 
graded as 1 or 2/6 using the traditional scheme, can be group 
in one single category, and defined as soft. Heart murmurs 

grade 3/6 can be considered as moderate, those of grade 4/6 
as loud, and heart murmurs grade 5 and 6/6 can be named 
thrilling or palpable murmurs, as they are associated with 
a precordial thrill (Table 2).35 The author of this review uses 
these two classification schemes interchangeably, as they 
might be both clinically useful.

Heart murmur intensity might help not only in raising the 
suspicion of MMVD, but also in grading its severity and 
predicting the stage. In general, the more intense is the mur-
mur, the more severe is the MMVD, and therefore higher 
is the likelihood that the dog has cardiomegaly and requires 
a specific treatment. Low intensity murmurs (grade 1 and 
2/6, or soft) are rarely associated with cardiomegaly, and 
therefore they predict the presence of a stage B1 MMVD. 
Palpable murmurs (grade 5 or 6/6) are usually associated 
with moderate to severe MMVD, therefore stage B2 or high-
er.35 Heart murmurs of intermediate intensity (moderate or 
loud, therefore grades 3 and 4/6, respectively) can be asso-
ciated with mild or moderate degrees of mitral regurgitation, 
and they are not very helpful in discriminating between 
stage B1 and stage B2.35 In one study, 50 % of dogs in stage 
B1 had mild murmurs, but more than 40 % of them had 
already a moderate murmur, and the rest a loud murmur. 
On the other side, less than 10 % of dogs in stage B2 had a 
mild murmur, 30 % had a moderate murmur, and the re-
maining dogs showed loud or palpable murmurs.35 This 
clarifies how using cardiac auscultation alone for identifying 
clinically relevant cardiomegaly and initiating pimobendan 
treatment in dogs with MMVD might be suboptimal, and 
it is therefore recommended to couple clinical examination 
to another diagnostic test, in order to improve diagnostic 
accuracy.

Echocardiography
In veterinary medicine echocardiography represents the 
gold standard to reach a definitive diagnosis and appropriate 
staging of dogs with MMVD. This method allows to assess 
valvular morphology, degree and distribution of the lesions, 
presence of leaflets prolapse and chorda tendineae rupture. 

Table 2: Grading systems to classify intensity and severity of heart murmurs in dogs.

Grade Characteristics Intensity

1/6 Nearly imperceptible, may be heard with very careful auscultation in a quiet environment; always focal Soft

2/6 Heard readily but very soft; always focal Soft

3/6 Heard readily, moderate intensity; usually regional (can be heard in several auscultatory regions of the heart) Moderate

4/6
Heard readily, loud, and usually radiates widely (can be heard in most or all auscultatory regions of the heart), but without a pal­

pable thrill
Loud

5/6
Heard readily, loud, and associated with a precordial thrill, but the murmur is not heard with the stethoscope lifted off the surface 

of the thorax
Palpable

6/6
Heard readily, loud, associated with a precordial thrill, and the murmur remains audible with the stethoscope lifted 1 cm off the 

surface of the thorax
Palpable

(Modified from Côté et al., 2015).
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Moreover, it represents the best way to measure the dimen-
sion and function of the cardiac chambers. With the use of 
Doppler, moreover, the presence and degree of valvular 
insufficiency and transvalvular flows can be accomplished.14 
The assessment of chamber dimension is crucial, not only 
for staging the disease but also to predict adverse events 
(such as congestive heart failure and atrial fibrillation), and 
to stratify for the risk of cardiac mortality.2,3,9,44

There are several systems applied in dogs to measure left 
ventricular and atrial dimensions. These include M-mode 
derived diameters, two-dimensional-derived linear mea-
surements and volumes, and three-dimensional derived 
volumes.14,26,51 At present, the most diffuse and studied 
methods are the M-mode or the two-dimensional derived 
linear assessment of internal chamber diameters. Internal 
chamber diameters of the left atrium and ventricle can be 
acquired both from short and long axis views of the heart. 
Long axis diameters own a good reproducibility, and they 
can be used to detect presence of cardiomegaly in dogs with 
MMVD.49,53 However, most publications, have historically 
used cardiac diameters obtained from short axis views. 
These very measurements are those adopted in clinical trials 
to stage dogs with MMVD, and they have been proposed 
in the ACVIM consensus statement to discriminate between 
dogs in stage B1 and B2.11,28 Considering the large variation 
in body size between canine breeds, cardiac dimensions 
should be normalized for body weight or aortic diameter, 
in order to obtain unique indexes that might be compared 

to simplified reference ranges. It is therefore accepted that 
clinically relevant cardiomegaly in dogs with MMVD, and 
therefore being diagnosed as stage B2 according to the con-
sensus statement, is defined as:

left atrial internal diameter in short axis at the level of the 
cardiac base, during end-systole, divided by the aortic di-
ameter obtained in the same frame ≥1,6 (Figure 3);24

and left ventricular internal diameter in short axis at 
end-diastole from an M-mode image at the level of the 
papillary muscles and normalized for body weight using 
an allometric scaling formula ≥ 1,7 (Figure 3).15 

It is important to notice that, in the ACVIM consensus 
statement, the definition of stage B2 also includes presence 
of cardiomegaly detected on thoracic radiography, implying 
that the vertebral heart size (VHS) (see later) should be 
above the breed-adjusted limit of normality, or for every 
breed >10,5.28 This mainly derives by the fact that these 
cut-offs have been used as inclusion criteria in the EPIC 
study, where the benefit of pimobendan in the preclinical 
phase of MMVD has been proven.11 However, it is also 
accepted, as mentioned in the consensus statement, that 
echocardiography can be used alone as a method to assess 
cardiac dimensions, and therefore stage dogs with MMVD, 
as it represents the most accurate technique to identify car-
diomegaly.28

Figure 1: Echocardiographic images of a dog with myxomatous mitral valve disease. On the left panel, left atrial to aortic root diameters obtained from 
a short axis view at basilar level. The caliper crosses the aorta following the line between the non-coronary and left coronary cusp, using an inner ed­
ge-to-inner edge technique. Similarly the left atrial diameter is obtained by continuing the same line, until the free edge of the chamber. The image is 
obtained at end-systole, or on the first frame after closure of the aortic cusps. On the right panel, M-mode image of the left ventricle obtained from a 
two-dimensional-guided view at the level of the papillary muscles. The left ventricular internal diameter at end-diastole (LVIDD) is measured using a lea­
ding-edge technique, at the beginning of the QRS complex on the coupled electrocardiogram. The formula to normalize the left ventricular dimension is: 
LVIDD (cm)/body weight (kg)0.294.30
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As described in the following paragraphs, alternative meth-
ods to identify cardiomegaly and dogs with stage B2 
MMVD, such as thoracic radiography and cardiac biomark-
ers, have been validated against echocardiography as the 
gold standard, and by using the cutoff values of left ventric-
ular and atrial diameters reported above.

Thoracic radiography
Thoracic radiography is the diagnostic gold standard to de-
tect signs of congestive heart failure due to cardiac disease. 
It allows to identify presence of cardiomegaly, pulmonary 
venous congestion and interstitial or alveolar lung pattern, 
with typical localization (Figure 2). Detection of cardiac 
enlargement might be a difficult task, especially for mild to 
moderate degrees of cardiomegaly. This might be dictated 
by the variability in chest morphology among breeds, tech-
nical factors, positioning, and the expertise of the reader.36 
In general, left sided cardiomegaly can be detected by eval-
uating the ratio between the chest cavity and the cardiac 
silhouette, the number of intercostal spaces occupied by the 
heart, and the displacement of adjacent structures, such as 
the trachea and the caudal vena cava.36 This method of as-
sessing cardiac dimensions is however purely subjective, and 
it does not deliver a quantitative assessment of the degree of 
cardiac enlargement.

Vertebral heart size might be a more objective way to assess 

the dimension of the cardiac silhouette in thoracic radiog-
raphy, as it produces a numerical number, independent of 
body size. The measurement is performed on lateral projec-
tions, by measuring the two major and minor cardiac axes, 
and by counting the number of vertebral bodies included 
in these two (Figure 4A).12,32,42 In most dogs the upper 
limit for normality of VHS is 10,5 units, however some 
differences might exist between canine breeds with different 
chest morphologies and cardio-thoracic ratios.13,27,31 There-
fore, when available, breed-specific reference ranges for 
VHS should be used in order to increase the accuracy in 
detecting cardiomegaly. Multiple studies have evaluated the 
usefulness of VHS, alone or in combination with other tests, 
to discriminate between dogs with MMVD in stage B1 and 
B2. Although some differences in cutoff values and sensi-
tivity and specificity results exist between publications, in 
general values of VHS<10,5 tend to exclude stage B2, while 
values of VHS≥11,5 confirm it with high specificity.21,42,54,55 
Values of VHS between 10,5 and 11,4 units, remain in the 
grey zone and they are not helpful in predicting the disease 
stage. These dogs would benefit from an echocardiography 
to better assess their cardiovascular status. Since a rapid 
increase in cardiac dimensions over time in a single dog 
predicts future development of heart failure, VHS might be 
used to monitor the progression and stratify patients for 

Figure 2: Thoracic radiography of a dog with advanced myxomatous mitral valve disease. Latero-lateral projection in right lateral recumbency. The 
vertebral heart size is obtained by measuring the long axis (from the ventral aspect of the main bronchus until the cardiac apex) and the short axis (per­
pendicular to the long axis, from the cranial aspect of the cardiac silhouette until the ventral aspect of the caudal vena cava) of the heart. The two dimen­
sions are then compared to the vertebral bodies, starting counting from the cranial aspect of the fourth vertebral body, considering also the decimals. 
Then sum of these two values gives the vertebral heart size, that in this dog is 12,5 units (severely increased) (Figure 4A). The vertebral left atrial size is 
obtained by measuring the left atrial diameter starting from the ventral aspect of the main bronchus until the dorsal aspect of the caudal vena cava. As 
for the vertebral heart size, this line is then compared with the vertebral bodies, by counting how many of these are included in the line, starting from the 
cranial aspect of the fourth vertebra. In this dog the vertebral left atrial size is 3,3 units (Figure 4B).
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their risk in experiencing a cardiovascular event.11 For this 
reason, it is reasonable to start to treat a dog with MMVD 
using pimobendan, if an increase of >0,5 units in the VHS 
is recorded in subsequent visits.21,28

A more recent radiographic parameter used to quantify car-
diac dimensions is the vertebral left atrial size (VLAS).37 
This parameter focuses on the measurement of the left atri-
al dimension derived from a lateral radiographic projection 
of the chest (Figure 4B). In the majority of healthy dogs, 
the upper value of VLAS does not exceed 2,2 units,52 al-
though breed specific differences might exist for VLAS as 
well. Several studies have now shown that VLAS is an ac-
curate tool to discriminate between dogs in stage B1 and 
B2 MMVD. The optimal cutoff values able to detect rele-
vant cardiomegaly vary between 2,8 and 3,1, depending on 
the study.32,37,42,48,55 Therefore, a VLAS >3 predicts presence 
of clinically relevant cardiac dilatation, likely needing a 
treatment, with high specificity.28,48 When adding VLAS 
to the traditional VHS in models using multiple tests, how-
ever, VLAS does not significantly improve the diagnostic 
value of VHS alone.42 Moreover, VLAS has a higher intra- 
and inter-operator variability, making this test less repro-
ducible in the clinical setting than VHS.33 For this reason, 
VLAS is not added to the diagnostic algorithm later pre-
sented in this review.

Although VHS and VLAS represent valuable tools to stage 
dogs with MMVD, especially when echocardiography is 
not available, they still own high variability for unexperi-
enced operators,33,42 and a training curve is expected for 
veterinarians approaching this technique for the first time. 
The increasing in availability of teleradiology consulting, 
and the development of artificial intelligence-based software 
that can analyze the radiographs, might improve these lim-
itations in the near future.46

Cardiac biomarkers
Among the cardiac biomarkers that can routinely be as-
sessed in veterinary medicine, cardiac troponin I and 
NT-proBNP, are those mainly studied in clinical scenarios. 
Cardiac troponin I is an important enzyme in the sarco-
mere, and it is mainly released after myocardial damage.40 
Although plasma concentrations of cardiac troponin I in 
dogs with MMVD correlate with cardiac dimensions and 
offer some prognostic information, this biomarker is not 
accurate in discriminating between different stages of pre-
clinical disease.34,47,56

Natriuretic peptides are small particles stored into the atri-
al and ventricular cells, and they are released in response to 
myocardial stretch. They own several functions, like natri-
uresis, and therefore diuresis, and vasoactive antifibrotic 
effects. For this reason, they have been studied as markers 
of cardiac disease, in order to identify underlying structur-
al heart abnormalities, stratify for risk of cardiovascular 

events and death, and also to stage MMVD.25,23,38 The brain 
or B-type natriuretic peptide is released as a precursor, and 
it is then rapidly cleaved by serum proteases into two frag-
ments. The NT-proBNP represents the N-terminal compo-
nent of this pro-enzyme. Although inactive, this fragment 
is more stable in the bloodstream and it reflects the concen-
trations of the active component released in response to a 
stimulus.40 Therefore most of the research about natriuret-
ic peptides in veterinary medicine used this specific assay, 
that is commercially available.30

In dogs, NT-proBNP correlates with heart rate, respiratory 
rate, VHS, left atrial and ventricular dimensions, and with 
kidney values (creatinine and urea), and it can be used to 
differentiate between dogs with dyspnea of cardiac and 
non-cardiac origin.18,40 Therefore, considering the impor-
tance of differentiating dogs with preclinical MMVD in 
order to appropriately start a treatment as needed, in the 
recent years more research has been conducted on this bio-
marker, and a few studies have identified optimal cutoff 
values that are able to discriminate dogs in stage B1 and B2 
of MMVD. In particular, in a study conducted on 1887 
dogs of different breeds with preclinical MMVD, NT-proB-
NP was the most important variable to differentiate between 
stages, and it had the highest accuracy among all other pa-
rameters (that included clinical examination, radiography, 
and other laboratory variables) if used as single test. By 
using a cutoff value of 1100 pmol/l, the test had a sensitiv-
ity of 57 % and a specificity of 85 % (positive predictive 
values 57 %, negative predictive value 84 %) in discriminat-
ing between stage B1 and B2.56 Similar results were observed 
in another study, conducted only on cavalier King Charles 
spaniels with different stages of MMVD. Also in this case, 
NT-proBNP appeared to be the test with the highest accu-
racy (area under the curve 0,855) to discriminate between 
disease stages, showing a sensitivity of 68,9 % and a speci-
ficity of 90,1 %, for a cutoff value of 1138 pmol/l.48 This 
means that if the value of NT-proBNP is above the cutoff, 
it is likely that the dog is in stage B2.

Since NT-proBNP is affected by comorbidities, and it dis-
plays variations between and within individuals,40,45,57 it 
might be reasonable to use it in combination with other tests 
in order to reduce the confounding effect of biological vari-
ability.

Combination of tests
Since no test is perfect, the use of several ancillary tests 
together might improve the accuracy in diagnosing stage 
B2 MMVD. Assuming that echocardiography always rep-
resents the gold standard to diagnose and stage dogs with 
MMVD, and it should be chosen as the preferred test, clin-
ical examination, thoracic radiography, and cardiac bio-
markers can be combined and used as substitutes to echo-
cardiography for staging. A few studies have reported the 
implementing value of combining more tests together to 
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reach a diagnosis of stage B2.42,54,55,56 For example, cardiac 
auscultation can be used to identify dogs that might deserve 
further tests. If the heart murmur intensity is moderate or 
severe (≥3/6), it is possible, but not sure, that the dog has a 
clinically relevant MMVD requiring a treatment.35 In this 
case, cardiac auscultation can be combined to thoracic ra-
diography and/or cardiac biomarkers to improve the iden-
tification of stage B2. In particular, in cavalier King Charles 
spaniels, combining physical examination with another test 
(such as radiography, NT-proBNP, or electrocardiography) 
improves substantially the accuracy in diagnosing stage B2 
MMVD.54 Neverthless, adding additional tests, by creating 
models containing more than two parameters (up to four), 
might only slightly increase the diagnostic accuracy. For 
example, adding NT-proBNP to cardiac auscultation and 
VHS, improves the specificity and sensitivity of detecting 
stage B2 from 91,7 % to 94,5 %, and from 57,8 % to 62,2 %, 

respectively.54 In another study on dogs with MMVD of 
different breeds, the use of single tests to discriminate be-
tween stage B1 and B2 showed good accuracy, in particular 
for murmur intensity, and NT-proBNP. However, when 
adding additional clinical and laboratory variables together 
(age, appetite, body condition score, murmur intensity, and 
alanine aminotransferase, creatinine, and NT-proBNP con-
centrations), creating a multivariable model, the discrimi-
natory ability increases substantially.56 The use of such a 
model, might assist clinicians in staging dogs with MMVD, 
but it requires a relatively large set of information and it 
might be less practical in the clinical setting. Moreover, it 
seems quite unlikely that decrease appetite, for example, 
would be caused by early stages of MMVD. Also, using 
multivariate models does not always fit the real clinical sce-
narios encountered in the everyday practice, and it does not 
necessarily assist in correctly discriminating single clinical 

Figure 3: Proposed algorithm for management of dogs with MMVD, recommend clinical controls, diagnostic tests, and appropriate therapy. Based on the 
ACVIM consensus guidelines, recent publications, and expert opinion. ACVIM: American college of veterinary internal medicine; LA/Ao: ratio between 
the left atrial and left aortic root diameters; LVIDDn: left ventricular internal diameter at end-diastole normalized for the body weight; MMVD: myxomat­
ous mitral valve disease; NT-proBNP: N-terminal pro-B-type natriuretic peptide; VHS: vertebral heart size.
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cases. While the study would apply to a large population of 
dogs, its value in making the decision in treating or not a 
single patient is questionable. While, As an alternative, fol-
lowing a few steps algorithm, by running two or three tests, 
could be easier to apply in the everyday routine, and still 
having a good discriminatory ability between stages B1 and 
B2 MMVD.

Diagnostic algorithm to identify stage 
B2 myxomatous mitral valve disease

This algorithm (Figure 5) has been generated in order to 
provide some practical guide to stage and treat dogs with 
asymptomatic MMVD. As previously stated, the ACVIM 
consensus statement recommends administering pimoben-
dan (class 1 of recommendation) to dogs with stage B2 
MMVD.28 This is based on the results of a prospective, 
randomized, placebo-controlled, blinded, multicenter clin-
ical trial (EPIC Study) (strong level of evidence).11 Every 
dog with a heart murmur should be evaluated by a veteri-
nary cardiologist or a person experienced on echocardiog-
raphy, to identify the nature of the murmur, grade the se-
verity of MMVD, presence of concomitant cardiac diseases 
other than MMVD, complicating factors such as chordae 
tendinea rupture or pulmonary hypertension. When echo-
cardiography is not available, or declined by the dog’s own-
er, alternative ways to identify cardiomegaly might be of-
fered. The accuracy of every alternative test will be 
suboptimal when compared to echocardiography, but it 
might be considered clinically acceptable in certain condi-
tions.

The algorithm refers to dogs at risk of MMVD, therefore 
every dog of typical age (adult to advanced/senile), typical 
breed (cavalier King Charles spaniel, Chihuahua, Dachs-
hund, Maltese, and in general small breed dogs), showing 
a systolic heart murmur localized on the left hemithorax, 
toward the cardiac apex. Other types of murmurs (diastol-
ic, continues, right sided) or other signalment (puppies and 
young dogs or large breed dogs predisposed to dilated car-
diomyopathy) should follow another diagnostic and thera-
peutic protocol. If patients have the aforementioned char-
acteristics, they can be divided based on heart murmur 
intensity. Soft murmurs (grade ≤2/6 or less) do not require 

further tests, nor therapy, as they likely indicate an early 
stage of MMVD (stage B1). Therefore, a routine clinical 
control with cardiac auscultation can be repeated after 12 
months. Dogs with a moderate or louder murmur (≥3/6) 
deserve further clarification, as they might have a more ad-
vanced disease. Ideally echocardiography should be per-
formed, and the dog treated with pimobendan if it meets 
the echocardiographic criteria indicative of stage B2. In case 
echocardiography is not available or declined by the owner, 
a thoracic radiograph could be performed to measure the 
VHS. For VHS<10,5 units, a control radiograph can be 
planned 6–12 months after, and no treatment should be 
advised. For VHS≥11,5 units, a cardiomegaly is likely pres-
ent and there is a high chance that the dog is in stage B2, 
and therefore needing a treatment with pimobendan. For 
VHS values in the grey zone (between 10,5 and 11,4 units), 
NT-proBNP can be measured to help in stratifying the pa-
tient. Those dogs with a value<1100 pmol/l have likely no 
cardiomegaly and can be rechecked after 6–12 months. 
Dogs with higher NT-proBNP values (≥1100 pmol/l) are 
likely in stage B2, and they should be treated with pimo-
bendan. Lastly, in case neither echocardiography nor radi-
ography is performed, dogs can be solely tested by means of 
NT-proBNP, using the previously reported cutoff value. 
Based on the result, dogs can be then only rechecked or 
treated with pimobendan. Also dogs with a rapid increase 
of their VHS value (>0,5 units) in two consecutive visits, 
might deserve a treatment, as they likely will sooner or lat-
er develop symptoms related to their MMVD.

It must be stressed that this algorithm represents an aid to 
clinicians approaching a specific canine population, at a 
certain risk of cardiac disease, and that echocardiography 
always represents the best method to diagnose and stage 
MMVD. Therefore, possible staging errors and improper 
treatment might occur, and, for this reason, an echocardi-
ography should be advised before any treatment is recom-
mended.
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Abbreviation Table

ACVIM America college of veterinary internal medicine

MMVD Myxomatous mitral valve disease

NT-proBNP N-terminal pro-B-type natriuretic peptide

VHS Vertebral heart size

VLAS Vertebral left atrial size
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Diagnostic et prise en charge d'un 
stade plus avancé de maladie 
myxomateuse préclinique de la  
valvule mitrale chez le chien sans 
échocardiographie

La maladie myxomateuse de la valve mitrale (MMVD) est 
la maladie cardiaque la plus fréquente chez le chien. Un 
examen échocardiographique permet de poser un diagnos-
tic approprié et de déterminer le stade de la maladie. Les 
premiers stades de la maladie peuvent s’accompagner d’une 
insuffisance valvulaire et, dans les phases plus avancées, 
d’une dilatation cardiaque. Un diagnostic correct de cette 
phase préclinique et l’identification de l’hypertrophie car-
diaque doivent être effectués afin de conseiller un traitement 
médical approprié. Lorsque l’échocardiographie n’est pas 
disponible ou qu’elle est refusée par les propriétaires, d’autres 
méthodes peuvent être utilisées pour identifier la maladie 
et prédire une cardiomégalie cliniquement pertinente. Par-
mi ces méthodes, l’auscultation cardiaque et l’évaluation de 
l’intensité du souffle cardiaque, les dimensions cardiaques 
obtenues par radiographie thoracique, au moyen de la taille 
vertébral du cœur, et les biomarqueurs cardiaques, en par-
ticulier le fragment amino-terminal du pro peptide natriu-
rétique de type B (NT-proBNP), peuvent être effectués seuls 
ou en combinaison, afin d’identifier les chiens présentant 
un risque accru d’insuffisance cardiaque congestive et né-
cessitant un traitement précoce au pimobendan. En parti-
culier, un souffle cardiaque d’intensité ≥3/6 (modéré ou plus 
fort), une taille vertébral du cœur ≥11,5 unités obtenue à 
partir d’une vue radiographique thoracique latéro-latérale, 
et des concentrations plasmatiques de fragment amino-ter-
minal du pro peptide natriurétique de type B > 1100 pmol/l, 
sont des résultats qui peuvent suggérer la présence d’une 
cardiomégalie cliniquement pertinente avec une bonne spé-
cificité. Un algorithme pratique a été créé pour guider les 
cliniciens dans la prise en charge des chiens présentant une 
suspicion de maladie valvulaire. Il part de l’examen clinique 
et utilise les tests supplémentaires mentionnés ci-dessus pour 
conseiller les contrôles et la thérapie appropriés.

Mots clés: Auscultation, biomarqueur, canine, endocardiose, 
pimobendan, radiographie

Diagnosi e gestione di uno stadio 
più avanzato della malattia preclinica 
mixomatosa della valvola mitrale nei 
cani senza ecocardiografia

La malattia mixomatosa della valvola mitrale (MMVD) è 
la malattia cardiaca più comune nei cani. La diagnosi e la 
stadiazione appropriate possono essere effettuate median-
te un esame ecocardiografico. Le fasi iniziali della malat-
tia possono essere accompagnate da insufficienza valvola-
re e, negli stadi più avanzati, ad una dilatazione cardiaca. 
Una diagnosi corretta di questa fase preclinica e l’identi-
ficazione dell’ingrandimento cardiaco devono essere effet-
tuate al fine di consigliare un trattamento medico appro-
priato. Quando l’ecocardiografia non è disponibile o viene 
rifiutata dai proprietari, si possono eseguire metodi alter-
nativi per identificare la malattia e prevedere una cardio-
megalia clinicamente rilevante. Tra questi, l’auscultazione 
cardiaca e la valutazione dell’intensità del soffio cardiaco, 
le dimensioni cardiache ottenute mediante radiografia to-
racica, attraverso la dimensione vertebrale del cuore, e i 
biomarcatori cardiaci, in particolare il frammento ammi-
no-terminale del pro-peptide natriuretico di tipo B 
(NT-proBNP), possono essere eseguiti come test singoli o 
in combinazione, al fine di identificare i cani con un au-
mentato rischio di insufficienza cardiaca congestizia e che 
necessitano di un trattamento precoce con pimobendan. 
In particolare, un soffio cardiaco di intensità ≥3/6 (mode-
rato o più forte), una dimensione vertebrale del cuore ≥11,5 
unità ottenuta da una proiezione radiografica toracica la-
tero-laterale e concentrazioni plasmatiche di frammento 
ammino-terminale del pro-peptide natriuretico di tipo B 
> 1100 pmol/l, sono risultati che possono suggerire con 
una buona specificità la presenza di cardiomegalia clini-
camente rilevante. È stato creato un algoritmo pratico per 
guidare i medici veterinari nella gestione dei cani con sos-
petto di malattia valvolare, partendo dall’esame clinico e 
utilizzando i suddetti test aggiuntivi per consigliare i con-
trolli e la terapia appropriati. 

Parole chiave: Auscultazione, biomarker, canino,  
endocardiosi, pimobendan, radiografia
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