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Abstract

Chronic mitral valvular insufficiency (CMVI) is the most common acquired heart disease
in dogs and is characterized by degenerative valvular changes causing progressive thick-
ening of mitral leaflets and incomplete closure of mitral valve. As the disease progresses,
it causes congestive heart failure (CHF) and pulmonary edema if the LA dilation cannot
accommodate the volume overload by mitral regurgitation. Therefore, it is the most com-
mon cause of cardiac mortality in dogs. This chapter discusses general features of CMVI
in dogs focusing on recent advances in diagnosis and treatment.

Keywords: mitral valve , degenerative valve disease , mitral valve insufficiency , heart
failure , mitral regurgitation

1. Introduction

Chronic mitral valvular insufficiency (CMVI) is the most common cause of congestive heart
failure (CHF) in small breed dogs [1, 2] and is characterized by progressive myxomatous
degeneration of the atrioventricular valves [3]. Mitral regurgitation (MR) is the most common
sequel to CMVI, which causes volume overload at the left atrial (LA) and left ventricle (LV) and
progresses to CHF [4]. Underlying causes of CMVI have yet been identified, although aging
and genetic causes were suggested in a certain breed of dogs [5-8] and humans [4]. CMVI is
more often seen in old and small breeds of dog. Higher prevalence of CMVI was noticed in
Cavalier King Charles Spaniels (CKCS) and Dachshund [9, 10]. CMVI has been noticed in
~50% of 6- to 7-year-old CKCS dogs and ~50% of 10-year-old Dachshund dogs. Those two
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studies strongly suggested genetic etiology for this disease, although other study found the
aging is the major cause for this disease [11]. In these dog breeds, the CMVI is occurred at
younger age and progressed more rapidly. List of dog breeds having high prevalence rate for
CMVI are Chihuahuas, Malteses, Yorkshire Terriers, Poodles, Papillons, Pekingeses, Miniature
Pinschers, Bologneses, Dachshunds, Shih Tzus, Cairn Terriers, Miniature Schnauzers, Bichon
Frises, Carvalier King Charles Spaniels, Pugs, West Highland White Terriers, Fox Terriers,
Boston Terriers, Welsh Terriers, Whippets, American Cocker Spaniels, Beagles, German
Shepherds, and Great Danes [12], although almost one-quarter of dogs over the age of 10
have degenerative changes on mitral valve in any breeds of dog. Higher prevalence rate in
Maltese and Shih Tzu has been found in some Asian countries including Korea, Japan, and
Taiwan [13].

CMVlis an animal model of human mitral valve prolapse (MVP), which is suggested of poly-
genic inheritance [14]. Several canine studies also suggested polygenic inheritance for CMVI
[6, 8, 15]. Male dogs have higher rate of prevalence almost 1.5 times than female dogs [3]. One
study found that the mitral valve was affected in ~60% case of CMV], and tricuspid valve only
was affected in ~10% of CMVI, while both atrioventricular valves (mitral valve and tricuspid
valve) were affected in ~30% of CMVI [16].

2. Pathogenesis and clinical signs

Pathological features of canine CMVI are degenerative changes on mitral valve, mitral valve
thickening and opacity, several degrees of leaflet retraction, node of valve’s end, and length-
ened chordae tendineae (Figure 1) [17, 18] and are similar to human MVP [19, 20]. Disruption
of collagen and deposition of glycosaminoglycans in mitral valve are also common micro-
scopic feature in this disease [11, 19, 21]. Long-standing mitral valvular insufficiency can
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Figure 1. Pathological features of canine chronic mitral valvular insufficiency are degenerative changes on mitral valve,
mitral valve thickening and opacity, several degrees of leaflet retraction, node of valve's end and lengthened chordae
tendineae. (A) Diagram of normal mitral valve (top) and mitral regurgitation (bottom), (B) diagram of mitral valve
insufficiency from chronic degenerative changes on mitral valve leaflets (box).
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cause volume overload of both the LA and the LV. Furthermore, the increased end-diastolic
volume in LV can cause pressure overload on the LA. Subsequently, the increased pressure
in the LA inhibits drainage of blood from the lungs via the pulmonary veins and thus causes
pulmonary congestion. If this condition is untreated, it will eventually develop LV dysfunc-
tion and CHF [22].

Coughing, especially nocturnal cough, may be the first clinical signs in CMVI. However, in
dogs with advanced stage of heart failure (HF), dyspnea such as shortness of breath, difficulty
breathing, and orthopnea may be the major signs. Depending on the severity of CMV], the
dog maybe had certain degree of exercise intolerance, lethargy, reduced appetite, and weight
loss [23].

3. Diagnosis

3.1. Physical examination

Heart murmur is a major finding in physical examination. Depending on the severity, cli-
nicians can hear various grade of heart murmur before the onset of clinical signs. In early
stages of the CMVI, heart murmur can be localized and weak as 1~2/6 scale at left apex. In
late stages of the CMVI, heart murmur is gradually radiated and louder and is typically cre-
scendo-decrescendo type systolic regurgitant murmur (Figure 2A). Recent study found that
the grade of heart murmur was closely related to the severity of CMVI [24].

3.2. Laboratory tests

Common laboratory findings in dogs with CMVI are normal or slightly raise in kidney and/
or liver chemistry profiles, probably due to the congestion and poor body perfusion [25]. One
recent study evaluated hepatic panel in dogs at different stages of heart failure from CMVI
[26].
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Figure 2. (A) Phonocardiogram in dogs with CMVI. Heart murmur is gradually radiated and louder and is typically
crescendo-decrescendo type systolic regurgitant murmur. (B) ECG in dogs with CMVI. P-mitrale (wide P-wave) and
wide and tall QRS complexes indicating LA and LV dilation.
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Serum levels of ALT and GGT were statistically significantly higher in ISACHC II and III
groups (p <0.05), while levels of AST, albumin, cholesterol, and total bilirubin were not signif-
icantly differed among groups. Level of NT-proBNP was also significantly higher in ISACHC
I and III groups (p<0.05), although the level was not significantly differed in ISACHC
I group. There were no correlations between levels of AST, albumin, cholesterol, and total
bilirubin to echocardiographic indices. The level of NT-proBNP was correlated with most
echocardiographic indices (LA/Ao, LVID/Ao, E-peak, EDVI, r>0.7) and ALT (r=0.701) and
GGT (r=0.782). This study revealed the biochemical evidence of hepatic injures in dogs with
advanced stage of CMVI [26].

Poor tissue perfusion from CMVI causes pancreatitis in dogs, as indicated by serum pancre-
atic lipase concentrations. One recent study has evaluated the prevalence of pancreatitis in
62 client-owned dogs consisting of 40 dogs with different stages of heart failure from CMVI
and 22 age-matched healthy dogs [27]. Serum canine pancreatic lipase immunoreactivity
(cPLI) concentrations were determined by quantitative cPLI test in healthy and CMVI groups
in this study. Serum cPLI concentrations were 54.0 ug/L (IQR: 38.0-78.8 ug/L) in control,
55.0 ug/L (IQR: 38.3-88.8 ug/L) in ISACHC I, 115.0 ug/L (IQR: 45.0-179.0 ug/L) in ISACHCII,
and 223.0 ug/L (IQR: 119.5-817.5 pug/L) in ISACHC III. Also, close correlation of serum cPLI
concentration was found in the left atrial to aorta (LA/Ao) ratio (r=0.597; P=0.000) and the
severity of heart failure (r=0.530; P=0.000). This study found that the CMVI is associated
with pancreatic injury in congestive heart failure due to the CMVI [27].

Reduction in glomerular filtration rate (GFR) is a common complication in advanced stages
of heart failure (HF). The convenient and precise assessment for GFR would be useful for
early detection of renal impairment in HF dogs. One recent study has evaluated the reduction
in GFR in advanced stages of HF from CMVI, using renal markers including serum cystatin
C (Cys-C) and symmetric dimethylarginine (SDMA) concentrations [28]. Forty-three client-
owned dogs consisting of 33 dogs with different stages of HF from CMVI and 10 age-matched
healthy dogs were enrolled in this study. Serum Cys-C and SDMA concentrations along with
other renal (i.e., urea nitrogen and creatinine) and echocardiographic markers were evalu-
ated in healthy and CMVI dogs. Serum Cys-C concentrations were 1.4 +0.4 mg/l in control,
2.1+0.9mg/lin ISACHC]I, 2.9 £ 0.8 mg/l in ISACHC I, and 3.6 + 0.6 mg/l in ISACHC III dogs,
whereas serum SDMA concentrations were 8 +2 ug/dl in control, 14 +3 pg/dl in ISACHC ],
18 + 6 ug/dl in ISACHC I, and 22 +7 pug/dl in ISACHC III dogs. There was close correlation of
serum Cys-C and SDMA concentrations with serum creatinine, urea nitrogen, and the sever-
ity of HF. This study demonstrated that the GFR was decreased in dogs with CMVI having
earlier stages of HF [28].

3.3. Cardiac biomarkers

In recent years, cardiac biomarkers have been developed that are differentiating cardiac and
respiratory diseases to evaluate the progress of heart failure in dogs and cats. There are many
cardiac biomarkers. The ideal biomarkers should reflect the therapeutic response, the patho-
physiology of heart diseases, assist in the early diagnosis of CHF, and be applicable through-
out the various phases of the syndrome from before the onset of its clinical manifestations
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through its end-stage. Cardiac biomarkers have used as diagnostic tools [29], prognostic indi-
cator [30], and monitoring system [31] for CHF.

Troponins are marker of myocardial necrosis and ischemia and found to be closely associ-
ated with the severity of heart failure in dogs [32] and cats [33], although it often elevated
in many noncardiac disease [34-36]. Natriuretic peptides (NPs) are markers releasing from
hemodynamic stress on the heart [37], responded against volume expansion/pressure over-
load [37]. The plasma concentration of N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) is well correlated with severity of heart failure in dogs [38], although the level
of NT-proBNP can be affected by noncardiac factors such as body weight and renal func-
tion [39]. Cardiopet® proBNP is a commercially available diagnostic test. According to the
manufacturer (Idexx, USA), dogs with <900 pmol/L of serum NT-proBNP may not have heart
failure, while dogs with 900-1800 pmol/L may have heart failure, but is required further dis-
criminative tests. Dogs with >1800 pmol/L may have higher possibility of heart failure. C-
reactive protein (CRP) is an acute-phase reactant protein [40, 41] that is increased in several
diseases in dogs [42—47]. Although the level of CRP is increased in dogs with CMVI, the CRP
concentration was not related to the presence of CHF or murmur grade [48].

3.4. Electrocardiogram

Major findings on the electrocardiography (ECG) in dogs with CMVI are P mitrale (wide
P-wave) and wide and tall QRS complexes indicating LA and LV dilation (Figure 2B) [49].
Tachycardia may be occurred either persistently or intermittently as the CMVI progresses [50,
51]. Although atrial fibrillation is often observed in large breed dogs with CMV], it is rarely
found in the small breed dogs. However, if dogs have early stage of CMV], there will be no
abnormal finding on the ECG [23]. The ECG signs indicating myocardial hypoxic damage
(i.e., the ST-slurring) can be seen in dogs with advanced stage of heart failure [52].

3.5. Thoracic radiography

Thoracic radiography is the diagnostic test of choice in dogs with CMVI [23]. Enlargement of
the LA/LV and pulmonary venous vasculatures is common findings on thoracic radiography
(Figure 3) [23, 53, 54]. Other radiographic signs indicating left-sided heart failure including
the dorsal displacement of trachea, the compression and/or elevation of left main stem bron-
chus, and the dividing view of left and right stem bronchus can be noticed as the disease
progresses (Figure 3) [55]. In advanced stage, radiographic signs related to pulmonary edema
(i.e., pulmonary venous engorgement, peribronchial pattern, air bronchograms) can be obvi-
ous in most cases [23]. Also, when complications with pulmonary hypertension (PHT) are
combined, radiographic signs indicating right-sided heart failure (i.e., hepatomegaly, ascites)
can be observed [23].

3.6. Echocardiography

The transthoracic echocardiographic examination is noninvasive diagnostic method and can
help to identify mitral valvular lesions and to determine the severity of MR. Echocardiography
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Figure 3. Thoracic radiography in dogs with CMVIL. Enlargement of the LA/LV and pulmonary venous vasculatures is
common findings on thoracic radiography. Other radiographic signs indicating left-sided heart failure including the
dorsal displacement of trachea, the compression and/or elevation of left main stem bronchus, and the dividing view
of left and right stem bronchus can be noticed as the disease progresses. (A) Ventrodorsal projection. (B) Right lateral
projection.

can also assess its impact on cardiac remodeling, myocardial function, left ventricular filling
pressures, and pulmonary arterial pressure [56—61].

Mitral valve lesion can be identified using two-dimensional and M-mode echocardiography.
The mitral valve lesions associated with CMVI are small and smooth, creating a club-shaped
appearance to the leaflet tips during early stages of the disease, but may become large and
irregular during disease progression (Figure 4B) [56, 62, 63]. Mitral valve prolapse, which
is characterized by one or both leaflets bent back into the left atrial chamber during systole,
occurs commonly in dogs with CMVI (Figure 4A) [7, 64]. In one recent study, the severity of
mitral valve prolapse was significantly correlated with MR severity [64]. Anterior leaflet of
mitral valve is more commonly affected than posterior leaflet in dogs [64]. Abnormal excur-
sion [i.e., decreased ejection fraction (EF) slope] and thickening of anterior mitral leaflet can
also be detected in M-mode echocardiography (Figure 5A).

Ruptured chordae tendineae is also common echocardiographic finding in dogs with
CMVI [64]. The mitral valve leaflet is seen pointing back into the left atrium (LA) during
systole and bent back on itself with in the left ventricular outflow tract during diastole
[65-67]. Chordae tendineae of anterior mitral valve leaflet is more commonly ruptured in
dogs [68].

It is clinically important to evaluate severity of MR in dogs with CMVI. Color-flow Doppler
imaging (CDI) is widely used for detection and assessment of MR in dogs with CMVI
(Figures 4C, D and 6B). Maximal area of the regurgitant jet signals to the left atrium area
(ARJ/LAA) ratio, which is the maximal ratio of the regurgitant jet area signal to left atrial
area, is used in semi-quantification of MR [56, 69, 70]. The AR]J/LAA ratio lesser than 20-30%
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Figure 4. 2D and color Doppler echocardiography in dogs with CMVI. (A) Mitral valve prolapse, which is characterized
by one or both leaflets bent back into the left atrial chamber during systole, occurs commonly in dogs with CMVI. The
severity of mitral valve prolapse was significantly correlated with MR severity. (B) The mitral valve lesions associated
with CMVI are large and irregular in advanced stage of CMVI. Anterior leaflet of mitral valve is more commonly affected
than posterior leaflet in dogs. (C) Color-flow Doppler imaging in 2D echocardiography revealed severe regurgitant jets
from left ventricle to left atrium during systole and is widely used for detection and assessment of MR in dogs with
CMVI. (D) The MR can be also detected in color M-mode echocardiography on the LV short-axis view. LV, left ventricle;
CT, chordae tendineae; AMYV, anterior mitral valve; PMV, posterior mitral valve; RV, right ventricle; RA, right atrium.

Figure 5. 2D and M-mode echocardiography in dogs with CMVI. (A) Abnormal excursion (decreased EF slope) and
thickening of anterior mitral leaflet can be detected in M-mode echocardiography. (B) The eccentric hypertrophy, which
is characterized by an increase in end-diastolic left ventricular dimensions (EDV), occurs in dogs with CMVI. (C)—(D)
Hemodynamically significant chronic MR can induce volume overload, which subsequently can increase LV and LA
volume and can result in LA and LV dilation. The degree of left atrial enlargement that is assessed by the left atrium
to aorta (LA/Ao) ratio in 2D and M-mode echocardiography and is closely correlated with the severity of heart failure.
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is indicative of mild MR. The ratio involves between 20 and 30, 70% is indicative of moderate
MR, and >70% is indicative of severe MR [56, 69-71].

The vena contracta is the measurement of smallest mitral regurgitant jet width through the
valve and is correlated with MR severity [71]. Measuring the vena contracta uses parasternal
long-axis views that identify the vena contracta perpendicular to the sound plane. Very few
data are available regarding vena contracta associated with dogs with CMVI [71]. In human
study, a correlation was found between vena contracta and MR severity [72-74]. The proxi-
mal isovelocity surface area (PISA) method can be used in echocardiography to estimate the
area of flow acceleration and convergence proximal to the mitral valve as the regurgitant jet
approaches the orifice [75]. Left apical four-chamber views confirming the mitral regurgitant
jet are generally recommended for measurement. Regurgitant orifice area, regurgitant frac-
tion, and volume can be measured by this method. In study performed on dogs with severe
MR, mitral regurgitant fraction calculated using PISA method was significantly correlated
with MR severity [76].

Hemodynamically significant chronic MR can induce volume overload, which subsequently
can increase LV and LA volume and can result in LA and LV dilation [63]. The degree of left
atrial enlargement that is assessed by the left atrium to aorta (LA/Ao) ratio is closely corre-
lated with the severity of heart failure (Figure 5C and D). Both two-dimensional mode and M-
mode echocardiography should be used in order to determine left atrial enlargement. Other
indirect signs of high LA pressures in dogs with CMVI are left atrial rupture or acquired atrial

Figure 6. Pulse and continuous Doppler and tissue Doppler echocardiography in dogs with CMVI. (A) The transmitral
flow profile consists of E and A and is affected by the pressure gradient between the LA and LV. Elevated E represents
increased LA pressure and a worsening of heart failure. (B) Continuous Doppler echocardiography is useful to detect
MR in dogs with CMVI. However, the degree of MR is not correlated with the severity of CMVI. (C) Pulse Doppler
echocardiography in pulmonary venous flow is also useful to assess the progression of CMVI. The presence of
pulmonary venous flow at atrial systole (PVa) indicates high LA pressure noticed in advanced stage of CMVI. (D) The
early mitral inflow velocity to early mitral annular tissue velocity (E:Ea) ratio can be used to assess LV diastolic function.
The E:E’ ratio is significantly correlated with left ventricular filling pressures.
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septal defect secondary to atrial septal rupture [77-79]. Due to volume retention, remodel-
ing, and elevations in LA and pulmonary venous pressures, left ventricular volume overload
can occur concomitantly with MR worsening [80]. The eccentric hypertrophy, which is char-
acterized by an increase in end-diastolic left ventricular dimensions (EDV), occurs in dogs
with CMVI (Figure 5B) [81]. The diastolic left ventricular volume and diameters should be
assessed by both M-mode and two-dimensional echocardiography.

The common indices of left ventricular systolic myocardial function are ejection fraction (EF)
and fractional shortening (FS). The EF is defined by the percent of the end-diastolic volume
ejected from left ventricle (LV) with each heart beat. The FS is a measure of the percent change
in the dimension from end diastole to end systole [82]. FS is dependent on preload, after-
load, and myocardial contractility. Left ventricular systolic myocardial dysfunction is tradi-
tionally characterized by reduced EF and FS. However, FS should be increased in dogs with
CMVI because of elevated preload and reduced afterload, and hyperdynamic ventricular
contraction.

Systolic myocardial dysfunction may be identified by end-systolic left ventricular dimen-
sions, such as end-systolic diameter, end-systolic volume, and end-systolic volume indexed
to body surface area (ESVI) [60, 61, 83]. Increased end-systolic left ventricular dimensions are
consistently referred to impaired left ventricular systolic function. There are three ultrasound
methods, including the Teichholz method, the monoplane Simpson's derived method of discs,
and the length-area method, to measure ESVI. Because the Teichholz method tends to over-
estimate ESVI, other methods except Teichholz method may be recommended in dogs with
CMVI [61].

Spectral Doppler methods, including pulsed wave Doppler (PWD) and continuous wave
Doppler (CWD), can identify regurgitant jet, transmitral flow in dogs with CMVI (Figure 6A
and B). PWD may be used to record transmitral flow profile. The sample gate should be
located in the tip of the leaflet. The transmitral flow profile looks like “M-shaped” and consists
of E (peak early transmitral flow velocity) and A (peak late transmitral flow velocity) related
to early filling and atrial contraction, respectively [84]. Diastolic function and left ventricular
filling pressures can be assessed using PWD method [84]. CWD is generally used for assessing
severity of MR and thus provides information on LA pressure, preload, and systemic arterial
pressure. CWD can be used to identify elevated LA pressure, left ventricular systolic and dia-
stolic dysfunction in dogs with CMVI [60]. The presence of pulmonary venous flow at atrial
systole (PVa) indicates high LA pressure and is commonly noticed in advanced stage of CMVI
(Figure 6C). Continuous Doppler echocardiography is useful to detect MR in dogs with CMVI
(Figure 6B). However, the degree of MR is not correlated with the severity of CMVI.

Advanced echocardiographic techniques, including tissue Doppler image (TDI), strain and
strain rate imaging, and speckle tracking echocardiography (STE), are recently developed to
assess myocardial abnormalities. TDI measures the myocardial velocities to quantify myocar-
dial abnormalities. Systolic and diastolic myocardial abnormalities can be detected by TDI.
TDI can be used in PWD and CDI. Myocardial velocity profile is characterized by a S wave,
an E wave, and an A wave related to systolic myocardial velocity, early diastolic myocardial
relaxation velocity, and late diastolic myocardial relaxation velocity, respectively. Strain and
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strain rate imaging are TDI-based measurement and represent regional myocardial deforma-
tion and deformation rate, respectively [85, 86]. The two-dimensional STE is recently available
and can be used to assess regional myocardial function. The STE is created by irregularities
in reflected ultrasound from neighboring structures [87]. Very few data are available regard-
ing advanced echocardiographic techniques data associated with canine heart diseases. TDI
provides myocardial and annular velocity. Unlike Doppler patterns of mitral inflow, TDI
assessment of diastolic function is relatively load-independent. The early mitral inflow veloc-
ity to early mitral annular tissue velocity (E:Ea) can be used to assess LV diastolic function
(Figure 6D). The E:Ea ratio is significantly correlated with left ventricular filling pressures
[88, 89].

Because most dogs affected by CMVI are older, progression of CMVI can lead to diastolic
dysfunction, with time. Diastolic dysfunction is characterized by increased resistance to fill-
ing and increased left ventricular filling pressure secondary to decreased compliance and
impaired relaxation [90, 91]. The assessment of left ventricular diastolic function is difficult
to undertake in the dogs with CMVI. Diastolic function can be assessed using several param-
eters, including isovolumetric relaxation time (IVRT), transmitral flow velocities, and myo-
cardial velocities.

Elevated LA pressure caused by MR and volume overload was found in dogs with moder-
ate-to-severe CMVI [92, 93]. For the noninvasive assessment of LA pressure, the IVRT can be
used in volume overload model [93]. IVRT is the time that elapses from aortic valve closure
to mitral valve opening. In recent studies, the duration of IVRT and the ratio of E to IVRT
were used in the diagnosis of elevated LA pressure [94, 95]. Decrease in IVRT is indicative for
increase in LA pressure.

The left ventricular diastolic function can be assessed by Doppler patterns of mitral inflow. The
transmitral flow profile consists of E and A and is affected by the pressure gradient between
the LA and LV. Elevated E represents increased LA pressure and a worsening of heart failure
(Figure 6A) [5]. If diastolic function is normal, E is greater than A. In early diastolic dysfunc-
tion, a reversal of E and A can be occurred, as left ventricular compliance decreases. Further
worsening of diastolic function leads to pseudonormalization associated with increased LA
pressure. Because mitral inflow velocities are load-dependent, the use of transmitral flow
profile to assess diastolic function remains limited.

One recent study has evaluated the diagnostic value of left atrial volume index (LAVi) and the
ratio of early filling to early diastolic mitral annular velocity (E/Ea) on the progression of heart
failure in 51 dogs with CMVI and body weight matched 18 healthy control dogs, along with
other known echocardiographic markers [96]. The LAVi and E/Ea were well correlated with
the severity of heart failure in this study group. Based on the receiver-operating characteristic
analysis on echocardiographic variables, the echocardiographic indications for advanced heart
failure in this study were left atrium to aorta ratio (LA:Ao) >2.0, left ventricular diastolic dimen-
sion to aorta ratio (LVIDd:Ao) >2.4, end-diastolic volume index (EDVI) >100 ml/m? transmi-
tral E-peak >1.2 m/s, E/Ea >9.0 and LAVi 49 ml/m?, while indications for healthy or dogs with
no signs of cardiac enlargement were LA:Ao <1.3, LVIDd:Ao <1.7, EDVI <45 ml/m? E-peak
<0.65 m/s, E/Ea <6.0 and LAVi <15 ml/m? in dogs with CMVL.
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4. Treatment
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Before initiating treatment for dogs with CMVI, proper staging of heart failure in each
affected dogs is required. Two classification systems can be applied in dogs: International
Small Animal Cardiac Health Council System (ISACHC) and American College of Veterinary
Internal Medicine (ACVIM) classification (Table 1).

Basic strategies for treating CMVI are (1) to lessen cardiac workload, (2) to improve clinical
conditions from CHF, (3) to retard cardiac remodeling from neurohormonal response from
heart failure, and (4) to reduce complications from heart failure. Several therapeutic strate-
gies have been recommended in the veterinary literatures [18, 97-101]. In 2009, the ACVIM
released an expert consensus statement and provided therapeutic guideline for dogs with

ISACHC ACVIM
Patient at risk of developing
heart disease in the future, e.g.,
A patient from breed with high
predisposition for cardiac disease

Ia Asymptomatic: no evidence of Asymptomatic patients with
compensation for underlying evidence of structural heart
heart disease (no volume B1 disease, e.g., presence of murmur:
overload or pressure overload with no evidence of cardiac
detected radiographically or remodeling (radiographically or
echocardiographically) echocardiographically)

Ib Asymptomatic: clinical signs of Asymptomatic patients with
compensation for underlying evidence of structural heart
heart disease (volume B2 disease, e.g., presence of murmur:
overload or pressure overload with evidence of cardiac
detected radiographically or remodeling
echocardiographically)

II Mild-to-moderate heart failure Patients with clinical signs of
with clinical signs at rest or congestive heart failure (either
with mild exercise. Treatment past or present)
fequired Stage Cl1 (stabilized CHF)

C Stage C2 (mild to moderate CHF)

Illa A'dvanced heart failure.,' clinical Stage C3 (severe and/or life
signs of severe congestive heart threatening CHF)
failure: home treatment possible

IIIb Advanced heart failure; clinical Refractory heart failure. Patients
signs of severe congestive heart D showing clinical signs in spite of

failure: requires hospitalization

standard treatment for congestive
heart failure

Table 1. International Small Animal Cardiac Health Council System (ISACHC) and American College of Veterinary

Internal Medicine (ACVIM) classification in dogs with heart failure.
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CMVI [3]. In practice, the first-line medications for heart failure in dogs with CMVI should
include furosemide, pimobendan, and angiotensin-converting enzyme (ACE) inhibitor. The
route and dose of furosemide administration should be adjusted based on the degree of respi-
ratory distress and disability. Monitoring renal function is necessary for every dogs, espe-
cially before and 3-5 days after initiation and adjustment of furosemide and an ACE inhibitor
(ACEI). Either surgical replacement or valvuloplasty of damaged mitral valve has been suc-
cessfully applied in dogs. Furthermore, experimental prosthetic devices for treating CMVI in
dogs are under development and evaluation [102, 103].

4.1. Guidelines for long-term management of CMVI

Stage A (risk for heart failure): Certain breeds of dogs with genetic etiologies, family history
of heart disease, a breed predisposition, or concurrent systemic disease with cardiovascular
implications (e.g., Cavalier King Charles Spaniels) may have high risk of heart diseases. In
these dogs, periodical monitoring for heart diseases is necessary, although no specific therapy
is required before the evidence of heart diseases is detectible, according to recent guideline
from ACVIM [3]. Dogs used for breeding should be removed from the breeding program if
CMVI is present in earlier life. It should be recommended to the dog's owner for periodic
cardiac examinations. It is also recommended to manage predisposing condition and to man-
age systemic hypertension, if present. No dietary sodium modifications are necessary in this
stage.

Stage B1 (heart disease is present: no symptoms, no obvious chamber enlargement): It is
better to inform the owner clinical signs related to CHF (tachypnea, dyspnea, coughing) as
early as possible. Periodic reevaluation for signs of disease progression and complications is
necessary. For patients with CMV], there is no evidence indicating that there is any beneficial
effect of using an ACE inhibitor (ACEI) or pimobendan at this stage.

Stage B2 (heart disease is present: no symptoms, cardiomegaly present): It is generally rec-
ommended the use of ACEI (enalapril 0.5 mg/kg PO sid to bid; benazepril 0.5 mg/kg PO sid)
and highly palatable mildly sodium-restricted diet. Some cardiologists suggested the use of
spironolactone 1 mg/kg PO bid for possible aldactone escape. More detailed guideline can be
found in the section “Guideline for asymptomatic dogs with CMVIL.”

Stage C1 (stabilized CHF): If dogs had historical signs of congestive heart failure (CHF), but
had no symptoms currently, it is important to keep clinical signs stabilized. Drugs for routine
use are furosemide (mandatory) along with ACEI, and/or pimobendan. Drugs for selected
patients are spironolactone, digoxin, thiazide, amlodipine/hydralazine, or other vasodilator.
In this stage of dogs, excessive sodium intake, beta-blockers, corticosteroid, and intravenous
(IV) fluid should be avoided, if possible (unless required for concurrent disease). If IV fluid is
given to this dog, it requires careful monitoring of the respiratory rate trend.

Stage C2 (mild-to-moderate CHF): Therapeutic goals are to eliminate pulmonary edema or
effusions, to improve hemodynamics, and to modulate neurohormonal activation. In dogs
with CMV], drugs include furosemide (1-2 mg/kg PO bid), ACEI (enalapril 0.5 mg/kg PO
bid), and pimobendan (0.25 mg/kg PO bid). Digoxin may be beneficial, if atrial fibrillation is
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present. Beta-blockers should not be introduced firstly, unless the dog is being medicated.
In this stage of dogs, excessive sodium intake, beta-blockers, corticosteroid, and intravenous
(IV) fluid should be avoided, if possible (unless required for concurrent disease). If IV fluid is
given to this dog, it requires careful monitoring of the respiratory rate trend.

Stage C3 (severe and/or life threatening CHF): Therapeutic goals are to treat hypoxemia, to
increase cardiac output, and to stabilize the patient in hospital with intravenous drugs. Drugs
for routine use in stage C2 are needed with oxygen supplementation (depending on dog's
condition) and high dose of furosemide (2-8 mg/kg IV; repeat injections every 1-2 h if there
is no improvement in respiratory rate) with nitrate therapy (e.g., nitroglycerin patch/cream,
sodium nitroprusside, isosorbide dinitrate). As the respiratory rate decreases, the dosage and
frequency of administration are reduced to the lowest dose effective in controlling the pulmo-
nary edema. Renal function should be kept monitoring.

Stage D (refractory, chronic CHF): Drugs for routine use in stage C3 are needed with increased
dose/frequency of pimobendan (up to 0.7 mg/kg, PO, tid), supplementation of spironolactone
(1-2mg/kg PO, bid) and hydrochlorothiazide (1-2mg/kg, PO, bid), subcutaneous furose-
mide, repeated centesis for effusions, digoxin or other antiarrhythmic drugs if needed, and
very low sodium intake. Triple diuretics (furosemide, spironolactone, hydrochlorothiazide)
can reduce the dose of furosemide required to control the patient's congestive signs. In CMV],
it can be considered for additional amlodipine (0.05 mg/kg PO, sid, then 0.1 mg/kg PO, with
blood pressure monitoring) if blood pressure is normally preserved.

4.2. Guidelines for short-term management (acute pulmonary edema) of CMVI

Stage Ca (acute heart failure requiring hospitalization): The goals of therapy are to relieve
the severe pulmonary edema. For dogs with pulmonary edema from acute pulmonary edema,
the therapy should be directed (1) to reduce the circulating blood volume by either/both
aggressive and immediate diuretic therapy (e.g., furosemide IV or CRI) and/or phlebotomy
(10 ml/kg), (2) to reduce the venous return to the cardiac chambers [e.g., topical 2% nitroglyc-
erin cream, intravenous acepromazine, intravenous sodium nitroprusside (SNP) CRI], (3) to
increase oxygen saturation (e.g., oxygen tent or nasal oxygen), and (4) to strengthen myocar-
dial systolic function (e.g., intravenous dobutamine 5-15 pg/kg/min CRI).

Stage Da (refractory heart failure requiring hospitalization): Aggressive furosemide therapy
[4 mg/kg IV followed by repeat injections every 4 h or 4 mg/kg IV followed by CRI (0.2-1 mg/
kg/hr for 8-12h)] should be initiated as early as possible, till respiratory rate has fallen by
50%. Intravenous sodium nitroprusside (SNP) therapy along with furosemide would be ben-
eficial to stabilize CHF dogs. To achieve this therapeutic goal, intravenous infusion of SNP
should be administered at 2 pg/kg/min and then increased by increments of 1 ug/kg/min
every 30 min (maximum dose should not be over 6 pug/kg/min) to reach desirable therapeutic
effect, if mean and systolic blood pressure of dogs maintain above 75 and 90 mmHg, respec-
tively. Intravenous inotropic support using dobutamine is often also required. Intravenous
dobutamine infusion should be started at 5 pg/kg/min and then increased by 2.5 pg/kg/min
every 4 h to reach therapeutic effect (a maximal dose of 15 pug/kg/min). The dose rate should
be adjusted by mean heart rate (HR) of dogs. The infusion rate should be reduced, if the
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heart rate increases by 10% or rises over 180 bpm. It is also recommended to supply oxygen
by tent, cage, mask, and neck collar or even mechanical ventilation. Clinicians should relieve
dyspnea/discomfort via appropriate humidity, environmental temperature, and body posi-
tioning during oxygen supplementation.

4.3. Guideline for asymptomatic dogs with CMVI

Several studies have evaluated what cardiac medications can retard the progression of heart
failure and can be more effective in asymptomatic HF dogs [18, 104], although most mono-
therapy was not able to achieve these goals, to date. One recent study has evaluated the out-
come of dogs with preclinical cardiomyopathy with atrial fibrillation after either pimobendan
monotherapy or benazepril monotherapy, and has found that pimobendan monotherapy
provided significantly better outcome (i.e., prolonged time to onset of HF or reduced inci-
dence of sudden death [105]). Unfortunately, several studies failed to find beneficial effects
on survival and onset of HF in asymptomatic dogs with various heart diseases after the long-
term administration of ACEI including enalapril [99, 105]. One recent small pilot study in
dogs with asymptomatic HF found modest evidence of beneficial effect on retarding the onset
of clinical HF after pimobendan and enalapril dual therapy [106]. One other recent study in
asymptomatic dogs with CMVI has also found echocardiographic evidences on improvement
of cardiac performance (i.e., increased %LVEF and decreased ESVI) for the first few months
after pimobendan monotherapy [107], although this effect did not last to the end of test period
(6 months). One recent study on preclinical CMVI dogs after long-term treatment of enalapril
has found long-term administration of enalapril could significantly delay onset of HF and
the endpoint of HF-all-cause death [104], although the other study in asymptomatic Cavalier
King Charles Spaniels with CMVI has failed to find this beneficial effect [99].

4.4. New therapeutic agents in dogs with CMVI

Isosorbide dinitrate (ISDN) is a moderate- to long-acting organic nitrate, and its venodilatory
effects may help reduce preload and hence pulmonary edema. In humans, ISDN is used for
treating or preventing angina, treating esophageal spasm and achalasia [108, 109]. In addition,
it is widely used for CHF outpatients as an adjunctive treatment in CHF [110, 111]. In dogs, it
occasionally used to adjuvant agent for management of chronic heart failure or in combina-
tion with an arteriolar dilator for patients unable to tolerate an ACEI [112]. However, there
is limited experience in using this drug in veterinary medicine, and adverse effect is not well
known. In humans, the most common adverse effects are headache and postural hypotension.
Tachycardia, restlessness, or gastrointestinal effects are not uncommon. There have been rare
cases of patients who are hypersensitive to organic nitrates. One recent study has evaluated
the efficacy of ISDN for treating advanced stage CHF due to CMVI [113]. Twenty dogs with
CMVI were enrolled in this study. All dogs were administered sustained-release ISDN (1 mg/
kg, q12hr, PO) along with conventional cardiac medication. Changes in systolic blood pres-
sure (SAP), heart rate (HR), and echocardiographic indices indicating the progression of CHF
were evaluated at 7, 15, 30, and 60 days after the administration of ISDN. Significant improve-
ments in echocardiographic indices were found at 7, 15, 30, and 60 days after the administra-
tion of ISDN, although the Systolic arterial pressure (SAP) was slightly decreased and the HR
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was slightly increased. This study suggested that ISDN could effectively reduce the cardiac
preload and thus improve cardiac performance in dogs with advanced heart failure [113].

Angiotensin receptor blockers (ARBs) inhibit type I angiotensin II (AT1) receptor distributed
in blood vessels and heart, and thus exert similar pharmacological action of ACEI. Because
the ARBs only block type I receptor, they can reduce risk of renal injury from full inhibition
of ACE [114]. Therefore, it can use for treating dogs with CHF, when the ACEIs cause renal
azotemia [115]. However, the application of these agents on veterinary medicine is limited
due to lack of studies related to ARBs in dogs. The common ARBs in veterinary fields are
candesartan, losartan, valsartan, and telmisartan.

Pimobendan is a benzimidazole-pyridazinone drug which is used commonly for treating
various heart diseases in dogs including CHF. It acts through calcium sensitization and inhi-
bition of phosphodiesterase III [116, 117]. Pimobendan has vasorelaxation effect by inhibi-
tion of phosphodiesterase III and positive inotropic effect through calcium sensitization in
myocardial sarcomere [118, 119]. Pimobendan can improve myocardial contractility without
increasing the risk of arrhythmia unlike digitalis, because this drug does not require oxygen
consumption of myocardium [100, 120]. Pimobendan can effectively decrease afterload and
peripheral vessel resistance by relaxing vascular smooth muscle through inhibiting a vaso-
constriction factor like PDE III [121, 122]. Pimobendan can also delay inflammatory response
of myocardium and can improve myocardial contraction by weakening revelation of inflam-
mation precursor and nitric oxide synthesis [123, 124]. Pimobendan can increase sinus rate
through rising of blood volume in normal dogs, although it rarely causes arrhythmia unlike
digitalis [125, 126]. Therefore, those pharmacological effects are very useful for control clinical
signs associated with CHF in dogs and have been well documented in veterinary literatures
[127, 128].

5. Complications and prognosis

There are some complications due to heart failure from CMVI such as ruptured chordae ten-
dineae (RCT), pulmonary hypertension (PHT), acute exacerbation of pulmonary congestion,
LA rupture, and cardio-renal syndrome (CRS) caused by forward heart failure from CMVI
[23, 129].

5.1. Deterioration of cardiac disease

RCT can cause acute exacerbation of pulmonary congestion and edema in dogs with CMVL
In particular, if the first-order chordae attached to the septal leaflet is ruptured, the clinical
signs tend to more rapidly aggravate from acute volume overload and fulminant pulmonary
edema [68], although the RCT in different mitral leaflet may not cause significant clinical
signs. In dogs with significant RCT, marked increase in LA and pulmonary venous pressures
can lead to acute pulmonary edema, pulmonary artery hypertension, and right-sided heart
failure [22, 130]. Therefore, these dogs usually require intensive care to stabilize the condition
along with the standard therapy for CMVI.
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Right-sided heart failure is common, especially in dogs with long-standing history of CMVL
Right-sided heart failure can be occurred by either/both concurrent chronic tricuspid insuf-
ficiency from myxomatous degeneration and/or the PHT from LA volume and pressure
overload. Dogs with marked PHT generally show marked exercise intolerance with signs of
weakness or collapse. Signs related to right-sided heart failure (e.g., ascites, pleural effusion,
hepatic and splenic congestion, and distention of the jugular veins with abnormal pulsations)
can be noticed in physical examination. The presence and degree of PHT can be accurately
assessed by Doppler echocardiography. Oxygen supplementation and pulmonary arterial
vasodilator (e.g., sildenafil) are helpful to lessen clinical signs in dogs [131, 132].

Tachyarrhythmias are more commonly occurred in dogs having an enlarged LA. Common
tachyarrhythmias in dogs with CMVI are supraventricular premature beats, atrial fibrillation,
and supraventricular tachycardia. If the tachyarrhythmia has ventricular rate >180 bpm, it
can cause hemodynamically significant change in dogs with CMVI and cause an acute onset
of pulmonary edema. This condition is more often seen in dogs with long-standing CMVL
Therapeutic goals for these dogs are directed to relieve the pulmonary edema along with the
reduction in heart rate to an acceptable rate for improving cardiac output.

Left atrial rupture and cardiac tamponade can be occurred by marked dilation of LA in dogs
with CMVI, because the LA becomes thin walled and more vulnerable to increase in pressure.
One study found that endocardial splitting is more common in dogs with long-standing CMVI
[133]. Long-standing and marked LA volume and pressure overload can progress to rupture
of the LA, subsequently with the acute onset of hemopericardium, cardiac tamponade, and
sudden death. Acute development of ascites, collapse, or marked exercise intolerance can be
signs for sudden development of LA rupture and cardiac tamponade. Echocardiography is
necessary for confirming the presence of significant pericardial effusion. Although immedi-
ate pericardiocentesis may be helpful to alleviate clinical signs, the prognosis is usually poor.

5.2. Cardio-renal syndrome

Cardio-renal syndrome (CRS) is a clinical syndrome broadly in which dysfunctional hearts
and dysfunctional kidneys can “initiate and perpetuate disease in the other organ though
common hemodynamic, neurohormonal, and immunological/biochemical feedback path-
ways” [134]. General definition of CRS is a pathophysiologic disorder of the heart and
kidneys, whereby acute or chronic dysfunction in one organ may induce acute or chronic dys-
function in the other organ. According to human medical literature [134], the CRS is largely
divided into five types: (1) Type I (acute CRS) is acute kidney injury induced by acute heart
failure (e.g., acute cardiogenic shock or acutely decompensated CHF), (2) Type II (chronic
CRS) is permanent and progressive chronic kidney disease induced by chronic heart failure
(e.g., chronic abnormalities in cardiac function), (3) Type III (acute reno-cardiac syndrome,
RCS) is acute heart failure induced by acute kidney diseases (e.g., acute kidney ischemia or
glomerulonephritis), (4) Type IV (chronic RCS) is chronic heart failure induced by chronic
kidney disease (e.g., chronic glomerular or interstitial disease), and (5) Type V (secondary
CRS) is heart and renal failure induced by systemic diseases (e.g., diabetes mellitus, sepsis).
Major mechanisms of CRS include renal hypoperfusion directly resulting from a decreased
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cardiac output and neurohormone-mediated renal damage as hypertensive nephropathy via
activation of the renin-angiotensin-aldosterone system (RAAS) among others.

In veterinary study, the prevalence of azotemia is high in dogs with CMVI and increases
with the severity of the heart failure and azotemia is associated with a decrease in GFR [135].
Azotemia and renal impairment increase with the severity of CHF and are frequent findings in
dogs with CMVI [129]. One retrospective study of 33 dogs with CMVI demonstrated that the
prevalence of azotemia (defined as abnormally elevated serum levels of Cys-C, SDMA, and
creatinine) was increased in dogs with CMVI [28]. Azotemia and renal impairment increase
with the severity of HF and are frequent findings in dogs with CMVI [129]. Keys for success-
ful management of CRS are: (1) try to decrease the dosage of furosemide if azotemia was
worsen during the CHF treatment, (2) increase water intake, (3) consider IV fluid, if patients
have clinical sings of azotemia (e.g., 2.5% dex+0.45% saline, 5% dextrose; 30—40 ml/kg/day),
and (4) monitor patient's condition regularly to maintain proper dose of furosemide/ACEIL

5.3. Impaired function of digestive system

Impaired function of digestive system is associated with malassimilation (i.e., maldigestion
and malabsorption) induced weight loss [136]. The weight loss is a major clinical finding in
certain degenerative diseases including CMVI [23], hepatobiliary disease [137], and pancre-
atitis [138]. Aging is involved in the pathogenesis of CMVI in dogs [6-8, 139] and can induce
several anatomical changes and involve in progressive deterioration of the vital physiological
functions. The organ congestion and poor body perfusion can be occurred by heart failure
[25], and these can lead to organ damage (i.e., pancreas, liver, intestine) and dysfunction (i.e.,
maldigestion and malabsorption, hepatomegaly, ascites) [23, 140-144]. Therefore, pancreatic
dysfunction associated with heart failure can be occurred in dogs with advanced stage of
heart diseases. Ischemia can induce acute/chronic pancreatitis and is one of the important
etiologies of acute pancreatitis in human. Several mechanisms are involved in pathogenesis
of pancreatitis, such as hemorrhage or hypotension, mesenteric macro-vessel occlusion, post-
transplantation pancreatitis, cardiopulmonary bypass. Different causes of ischemia can lead
to a hypoperfusion of the pancreas with a consecutive induction of an inflammatory response.
Diagnosis of pancreatitis is straightforward with in-house diagnostic test kit (SNAP® cPLI™),
which has 95% correlation on sensitivity to the reference laboratory. One recent study found
that CMVI is associated with pancreatic injury in congestive heart failure caused by CMVIL
Therefore, periodic monitoring on cPLI could be useful in monitoring dogs in heart failure
[27].

Oral cavity is one of the blood-rich organs. Hypoxia can induce many dental problems includ-
ing dental tartar and periodontitis, which is requiring general anesthesia for treatment. We
developed anesthetic protocol for dogs with cardiac diseases [145]. Our study was designed
to evaluate the effects on cardiovascular system in dogs using anesthetic combination of
alfaxalone, butorphanol, and midazolam. Compared to the baseline value (before anesthesia),
all cardiac indices were decreased, although only heat rate and aortic blood pressure were
statistically significantly decreased (p <0.05). However, the cardiac depression was minimal
and transient by this combination of anesthetic agents [145].
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Cardiac cachexia is generally seen in dogs with history of long-standing CMVI [23, 99]. Once
heart failure develops, an important indicator of a worsening condition is the occurrence of
cardiac cachexia, which is unintentional rapid weight loss (a loss of at least 7.5% of normal
weight within 6 months).

5.4. Prognosis

Many dogs with CMVI may live for years before developing any symptoms. Prognosis for
dogs with CMVlI is greatly depending on the severity of heart failure and duration and qual-
ity of medical therapy and patient monitoring. Generally, the average survival time of dogs
with CMVTIis ~3 years in dogs with ISACHC I stage heart failure, while 1-3 years in dogs with
ISACHC II stage heart failure and ~6-12 months in dogs with ISACHC III stage of heart fail-
ure, respectively [13]. There are several prognostic indicators for dogs with CMVI. The degree
of exercise intolerance [146], degree of cardiomegaly [53], degree of LA/LV enlargement [7,
147], and certain ECG indices (e.g., the degree of tachycardia or vagus tone index) [51] were
closely related to the prognosis. Furthermore, certain echocardiographic indices (e.g., LA/Ao
ratio, E/A wave ratio, EDVI) were found to be a good prognostic indicator in dogs with CMVI
[84, 148]. Weight loss (e.g., cachexia) and degree of azotemia by reduced glomerular filtration
rate (GFR) are indicators for worsening clinical signs.
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