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Abstract 

Clinical records of dogs with spontaneous degenerative mitral valve disease (DMVD) with 
clinical signs related to congestive heart failure (CHF) recruited during routine clinical practice 
between 2001 and 2018 at the Cardiology Unit of the Veterinary Teaching Hospital (University  
of Milan) were included in this retrospective cohort study. Baseline echocardiographic data were 
evaluated. Median survival time (MST) was calculated. Data on therapeutic treatment, ISACHC 
(International Small Animal Cardiac Health Council) or ACVIM (American College of Veterinary 
Internal Medicine) classes were reviewed based on the inclusion period and type of endpoint  
(i.e. cardiac death or death for other causes). A univocal classification was needed, and the patients 
classified in ISACHC classes II, IIIa and IIIb, visited before 2009, were reallocated to ACVIM class 
C. The main goal of this data review was to retrospectively evaluate 259 clinical records of subjects 
belonging to ACVIM C class examined between 2001 to 2018 and 202 dogs examined between 
2010 to 2018. In this way, in the second group, the bias of the reclassification was avoided.  
The MST (median survival time) of these subjects was 531 d (2001-2018) and 335.5 d (2010-2018), 
respectively. Univariate survival regression analysis for subjects included from 2010 to 2018 
showed as significantly related to cardiac death (CD): left atrium to aorta ratio (LA/Ao) (HR 2.754, 
p=0.000), E wave (HR 2.961, p=0.000), E/A ratio (HR 1.372, p=0.000), end-diastolic (HR 1.007, 
p=0.000) (EDVI) and end-systolic (HR 1.012, p=0.026) (ESVI) volume indexes, allometric diasto- 
lic (HR 4.018, p=0.000) (LVIDdN) and systolic (HR 2.674, p=0.049) (LVIDsN) left ventricular 
internal diameters, age (HR 1.006, p=0.009) and pulmonary hypertension severity (HR=1.309, 
p=0.012) (PH). Multivariate analysis, adjusted for age, showed that the only variable that deter-
mined a statistically significant difference in MST was PH severity (HR 1.334, p=0.033). The type 
of therapeutic treatment within this class was not significant for the MST of the subjects. 
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Introduction

Degenerative mitral valve disease (DMVD) is the 
most common heart disease in middle-old aged and me-
dium-sized dogs. It is characterized by a slow progres-
sion over years, and in many affected dogs, because  
of the age of onset, does not always progress to clinical 
signs of congestive heart failure (CHF) (Ettinger et al. 
1998, Kittleson and Kienle 1998, Sisson 2000). Some 
authors have reported a survival time of between 5 to 14 
months after the onset of clinical signs (Häggström  
et al. 2008, Borgarelli et al. 2012). Although DMVD 
has been studied for more than 40 years, its treatment 
remains a challenge for the clinician. Many advances 
have been made regarding diagnosis, imaging, and 
medical and surgical therapy; however, few studies 
have evaluated the natural history and prognostic fac-
tors of the disease in dogs (Borgarelli et al. 2012, Uechi 
et al. 2012, Di Marcello et al. 2014). Furthermore, to the 
best of our knowledge, no studies have evaluated MST 
(median survival time) in relation to different types of 
multiple therapeutic treatment within the same ACVIM 
(American College of Veterinary Internal Medicine)  
C class of severity. The aim of DMVD treatment is to 
modulate hemodynamic and neurohormonal disorders, 
including high venous pressures, reduce the systolic 
function, activate the sympathetic and renin-angioten-
sin-aldosterone systems, and also release cytokines and 
vasopressin (Kittleson and Kienle 1998, Sisson 2000). 
Treatment of CHF due to DMVD consists of a diuretic 
(furosemide is the most commonly used loop diuretic) 
and additional agents (angiotensin-converting enzyme 
inhibitors, inodilators and aldosterone receptor antago-
nists) (Menciotti and Borgarelli 2017, Keene et al. 
2019). Angiotensin-converting enzyme inhibitors 
(ACE-I), benazepril or enalapril, combined with furose-
mide improve the quality of life (Woodfield 1995,  
Ettinger et al. 1998). The administration of pimoben-
dan, an inodilator, has been evaluated in dogs with CHF 
due to DMVD (Fuentes et al. 2002, Häggström et al. 
2008). Several studies have compared symptomatic 
dogs with DMVD that have received pimobendan and 
furosemide versus dogs treated with an ACE-I (ramipril 
or benazepril) and furosemide (Smith et al. 2005,  
Häggström et al. 2008). Dogs that received pimobendan 
and furosemide showed an improvement in clinical 
signs and quality of life, and a reduction in the probabi- 
lity of developing an adverse cardiac event (Smith et al. 
2005, Häggström et al. 2008). VetSCOPE (2006) and 
QUEST (2008) reported that dogs receiving pimoben-
dan survived longer than dogs that did not (Lombard  
et al. 2006, Häggström et al. 2008). Improved survival 
and reduction of risk for a cardiac event have also been 
shown in dogs affected by DMVD and CHF treated 

with spironolactone (Pitt et al. 1999, Bernay et al. 
2010).

The main goal of this study was to retrospectively 
investigate the survival time of a population of dogs  
affected by DMVD belonging to ACVIM class C and 
treated with different combinations of drugs including 
furosemide, ACE-I (benazepril or enalapril), pimoben-
dan, and spironolactone. The effects of the different 
therapeutic protocols on MST, and the prognostic value 
of the echocardiographic variables were also evaluated. 

Materials and Methods

Study design 

This is a retrospective cohort study. The clinical  
records of dogs affected by DMVD examined at the 
Cardiology Unit of the Veterinary Teaching Hospital 
(University of Milan) between 2001 and 2018 were  
reviewed. Owner consent was routinely requested  
before the first examination of each dog. It was not nec-
essary to obtain authorization from the Ethics Commit-
tee because this is a retrospective study carried out on 
data collected in subjects routinely brought to a clinical 
examination by the owners.

From the beginning of the study to 2009, the admit-
ted dogs were classified according to ISACHC classes 
(International Small Animal Cardiac Health Council 
1994), and from 2010 to 2018 according to the ACVIM 
classification (Keene et al. 2019). To compare the sub-
jects, a univocal classification was needed, and the  
patients classified in ISACHC classes II, IIIa and IIIb 
were reallocated to ACVIM class C. Data obtained 
from clinical records from 2001 to 2018 were then  
statistically analysed.

Later, in order to avoid inclusion bias due to the  
reallocations, statistical analyses were performed  
on a selection of subjects belonging to ACVIM class C, 
recruited from 2010 to 2018. 

Specific attention was focused on the therapy 
changes, as well as detailed information about causes  
of death reported in each clinical record.

Inclusion criteria

The clinical records were selected according to the 
following inclusion criteria: complete clinical findings 
including signalment, history, physical examination, 
thoracic radiographs, electrocardiogram (ECG) and  
a diagnosis of DMVD ACVIM class C based on echo-
cardiographic and Doppler evaluation associated with 
clinical signs (increased resting respiratory rate, cough, 
dyspnoea, ascites) (Martinelli et al. 2016). In all sub-
jects the presence and severity of pulmonary hyperten-
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sion (PH) were evaluated, based on the tricuspid regur-
gitant velocity (TRV). The PH was classified as reported 
in the literature (Kellihan and Stepien 2010, Locatelli  
et al. 2016).

The accepted administered drugs were a combina-
tion of diuretics (furosemide), ACE-I (benazepril, enal-
april and ramipril), inodilator (pimobendan), and spi-
ronolattone. The therapeutic protocol applied was 
clearly reported on the clinical record from the first  
to the last examiner, as well as whether the owner was 
willing to be interviewed by telephone. In this study  
all genders, weights and breeds were included, except 
for the cavalier King Charles Spaniel (Terzo et al. 2009, 
Locatelli et al. 2017, Menciotti and Borgarelli 2017). 
The clinical records of subjects for whom cardioactive 
therapy had previously been set up were also included. 
In this case MST was calculated from the date of diag-
nosis of DMVD ACVIM class C.

Exclusion criteria

Clinical records of subjects affected by any other 
heart disease apart from DMVD and/or with concurrent 
congenital heart disease and acquired cardiovascular 
disorders that could affect the mitral valve or its func-
tions (bacterial endocarditis, myocardial disease,  
arrhythmias) were excluded. Subjects with primary  
hypertension were not included in the study (Acierno  
et al. 2018). Clinical records with missing information 
on the therapeutic protocol adopted were also excluded.

Echocardiography

Echocardiographic examinations were performed 
on conscious dogs by specialists in cardiology, and  
in accordance with the guidelines of the American  
Society of Echocardiography using the leading edge- 
-to-leading edge method for M-mode measurements 
and Hansson’s method for 2-dimensional (2D) mea-
surements of the left atrial (LA) and aortic root (Ao) 
diameters (Thomas et al. 1993, Hansson et al. 2002). 
Left ventricular end diastolic (EDV) and end systolic 
volumes (ESV) were calculated using the Teichholtz 
method and values were successively indexed for body 
surface area (BSA) to obtain the end-diastolic (EDVI) 
and the end-systolic (ESVI) volume indexes (Teichholz 
et al. 1976). The left ventricular internal diameters  
in diastole and systole normalized for body weight 
(LVIDdN and LVIDsN, respectively) were calculated 
using the allometric equation (Cornell et al. 2004). Left 
ventricular fractional shortening (FS%) was calculated 
using the formula: [(LVIDd-LVIDs)/LVIDd] × 100. 
Trans-mitral flow (E wave peak velocity, A wave peak 
velocity, E/A ratio) was measured using pulsed-wave 
Doppler (PWD) from the left four-chamber apical view.

Follow-up and endpoints 

A single investigator (M.B.) conducted telephone 
interviews with dog owners to determine the clinical 
outcome of each dog. For this the following informa-
tion was obtained: was the dog dead or alive, had  
the dog been euthanized or did it die spontaneously,  
and reasons for euthanasia or cause of death. The date 
and cause of death (either spontaneous death or eutha-
nasia) were recorded. Dogs euthanized for severe  
refractory heart failure were considered as cardiac- 
-related deaths. Sudden deaths were counted as cardiac- 
-related if no other cause of death was obvious. Dogs 
still alive, dead or euthanized for reasons unrelated  
to cardiac disease were removed from the statistical 
analysis; subjects lost to follow-up were included in the 
survival analysis up to the last time point at which they 
were known to be alive and were then removed from 
the analysis. The survival analysis was performed con-
sidering different end points such as death due to other 
causes (OC), death related to the studied heart patho- 
logy (CD – cardiac death) and first and following thera-
py changes. The survival time in the CD group was  
also analysed in relation to the therapeutic scheme.  
The selected clinical records had to report the date and 
the medications prescribed as well as any variation  
in therapy during the follow-up. Median survival time 
(days) was calculated from the admission date to death 
or to the last contact with the owner (lost to follow-up). 
The MST of each patient was subsequently related  
to the combination of drugs (groups 1, 2 and 3) and the 
echocardiographic data [left atrium to aorta (LA/Ao) 
ratio, E wave, E/A ratio, ejection fraction (EF%), FS%, 
EDVI, ESVI, LVIDdN, LVIDsN and TRV] at the time 
of inclusion. Tricuspid regurgitant velocity and PH 
were related to MST only for subjects included between 
2010 and 2018. 

Statistical analysis 

The data obtained for the analysis were compiled on 
an Excel spreadsheet and then processed with SPSSTM 
25.0 (IBM, SPSS, USA). The statistical analysis was 
performed in two different steps. In the first part of the 
study, which included the analysis of the reallocated 
ACVIM C class population between 2001 and 2018,  
the statistical analysis was essential to verify the pre- 
sence of correlations and their significance between the 
MST and therapy group and echocardiographic param-
eters such as LA/Ao ratio, E wave, E/A ratio, EF%, 
FS%, EDVI, ESVI, LVIDdN, LVIDsN and TRV.  
The analysis thus included clinical records of subjects 
belonging to the ACVIM C class included from 2010  
to 2018 with the same inclusion criteria as the previous 
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analysis. The prognostic CD values of echocardio-
graphic measurements, presence and severity of PH, 
and the modulation of therapeutic protocols for each 
patient over the follow up time were estimated. A de-
scriptive analysis of the sample was performed in terms 
of mean and standard deviation or median and inter-
quartile range (IQR) for normally or non-normally  
distributed variables, respectively. Distribution  
of variables was tested for normality using the Shapiro- 
-Wilk test at the α=0.05 level. Normally distributed data 
were compared using the two-sided Student’s t-test and 
non-normally distributed data were compared using the 
median test. In particular, differences between variables 
were assessed by the appropriate test (Student t-test for 
independent or paired normal variables, Mann Whitney 
U-test for independent non-normal variables, and Wil-
coxon signed ranks test; and the sign test for paired 
non-normal variables). The therapeutic groups were 
compared by ANOVA and Tukey’s HSD test. Median 
survival times were compared using the log rank test. 
The correlation between variables was investigated  
using the Pearson correlation or the Kendall tau test,  
as appropriate. The Kolmogorov-Smirnov test for inde-
pendent samples was used to compare distributions. 
The influence of individual physical and echocardio-
graphic parameters on the MST was assessed by univar-
iate and multivariate survival analysis. Correlations  
between variables were calculated to: (a) determine  
the possible predictors in the multivariate regression 
model, (b) select only uncorrelated variables as predic-
tors. The hazard ratio (HR) for each variable was also 
evaluated. A confidence interval (CI) of 95% was used. 
The differences were considered as statistically signifi-
cant at p<0.05. 

Results

Results ACVIM C class (2001-2018)

Six hundred and thirty-one clinical records from 
2001 to 2018 reported a diagnosis of DMVD with vary-
ing levels of gravity. After the reclassification (conver-
sion from ISACHC to ACVIM), the following 259 clin-
ical records fulfilled the inclusion criteria and were thus 
included: 135 (52%) intact male dogs, 29 (11%) neu-
tered males, 35 (13%) intact females and 60 (23%)  
sterilized females. The median weight was 11.07 Kg 
(CI=5.8-14), the median age was 11.89 (CI=10.37-13.87) 
years. One hundred and twenty-five dogs (48.2%) were 
mixed breed, 21 (7.9%) Poodle, 20 (7.7%) Yorkshire 
Terrier, 13 (5.1%) Dachshund, 7 (2.8%) Shi-Tzu, 6 (2.6%) 
Pinscher, as well as lower percentages of other breeds. 

Table 1 reports the mean, median, standard devia-
tion, minimum and maximum values of age, weight, 
and echocardiographic parameters of all subjects  
included in the analysis belonging to the ACVIM  
class C. One hundred and thirty-six of these subjects 
(52.5%) died of CD with an MST of 531 days (Table 2a), 
and 123 dogs (47.5%) were still alive at the end  
of the study or died of OC (MST: 318 days). Univariate 
regression analysis showed the following variables  
to be statistically significant: LA/Ao ratio, E wave, E/A 
ratio, EDVI, ESVI, LVIDdN, LVIDsN, age and admi- 
nistration of spironolactone. All the variables analysed 
were statistically significant for survival and their incre-
ment was found to be related to an increase in the risk 
of death, except for the administration of spironolac-
tone (HR<1). The multivariate analysis showed that 
only LA/Ao led to a statistically significant difference 
in MST, and significantly increased (2.5 times) the risk 
of CD (Table 2b). 

Table 1. Physical and echocardiographic parameters of all dogs belonging to ACVIM class C (2001-2018).

CLASS Weight 
(Kg)

Age 
(y) LA/Ao E  

(m/s) E/A EF  
(%)

FS  
(%)

EDVI 
(ml/m2)

ESVI 
(ml/m2)

LVIDdN 
(cm/kg)

LVIDsN 
(cm/kg)

TRV 
(m/s)

C

Mean 11.27 12.02 2.29 1.33 1.65 73.89 43.56 156.77 40.86 2.02 1.16 2.96

SD 8.51 2.90 0.49 0.38 0.71 10.41 9.51 60.92 25.22 0.33 0.26 0.79

Median 8.00 12.49 2.22 1.36 1.47 76.00 44.00 148.02 36.10 2.02 1.15 2.79

Interval 51.00 17.37 3.10 2.32 4.04 65.00 87.00 377.20 205.45 2.34 1.86 4.16

Minimum 2.00 0.14 1.30 0.48 0.15 28.00 13.00 6.22 3.83 0.58 0.49 1.01

Maximum 53.00 17.51 4.40 2.80 4.19 93.00 100.00 383.42 209.28 2.92 2.34 5.17

Summary of physical and echocardiographic parameters assessed in the statistical analysis of all dogs included in the first analysis  
(2001-2018) belonging to ACVIM class C. Normally distributed variables are: weight, E wave, E/A ratio, EDVI and LVIDdN.  
Not normally distributed variables are: LA/Ao ratio, FS%, ESVI, LVIDsN and TRV. LA/Ao = left atrium to aorta ratio; E = E wave;  
E/A = E and A waves ratio; EF% = ejection fraction; FS% = fractional shortening; EDVI = end diastolic volume index; ESVI = end 
systolic volume index; LVIDdN = allometric diastolic left ventricle internal diameter; LVIDsN = allometric systolic left ventricle internal 
diameter; TRV = tricuspid regurgitant velocity; SD = standard deviation. 
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Analysis of groups of treatment in ACVIM class C 
(2001-2018)

The therapeutic groups considered in the first ana- 
lysis are reported in Table 3. Group 1 included 130 sub-
jects, 59 (45.4%) died of CD, and 71 (54.6%) died  
of OC, and the others were still alive at the end of the 
study. Group 2 included 73 dogs, 42 (56.2%) died of 
CD and 32 (43.8%) died of OC or were still alive at the 
end of the study. Group 3 consisted of 30 dogs, 22 of 
which (73.3%) died of CD and 8 died (26.7%) of OC or 
were still alive at the end of the study. The MST of sub-
jects that died of CD was 665 days in group 1, 487 days 

in group 2, and 447 days in group 3 (Table 2c). Median 
survival time was evaluated, together with the influence 
of individual parameters, using univariate analysis and 
ANOVA tests between subjects with different types of 
therapy. Univariate analysis showed that the LA/Ao  
ratio (p=0.000), E wave (p=0.000) and EDVI (p=0.01) 
led to a statistically significant difference in MST, some 
of which significantly increased the risk of CD, as did 
the other considered variables (Table 2d). The multiple 
comparisons among therapeutic classes 1, 2 and 3 were 
done using by ANOVA. The LA/Ao ratio, E wave and 
EDVI were statistically significant (p<0.001) between 
therapeutic groups 1 and 2, 1 and 3, and not significant 

Table 2. Clinical records analysis from 2001 to 2018.

a. Results ACVIM C class (2001-2018)

ACVIM Class No. of subjects No. and % of CD No. and % of alive  
or dead due to OC

MST days (CI 95%) 
for CD

C 259 136 (52.5%) 123 (47.5%) 531 (440.812-621.188)
b. Univariate and multivariate analysis in ACVIM class C

Predictors Univariate analysis HR 
(95% CI) p value Multivariate analysis HR 

(95% CI) p value

LA/Ao 
E wave 
E/A ratio 
EDVI 
ESVI 
LVIDdN
LVIDsN
Age 
Administration  
of spironolactone

2.473 (1.784-3.429)
2.560 (1.489-4.010) 
1.687 (1.222-2.329)
1.004 (1.001-1.007) 
1.006 (1.001-1.011)
2.197 (1.282-3.763)
2.058 (1.126-3.764)
1.080 (1.005-1.162)

0.623 (0.403-0.963)

0.000
0.001
0.001
0.002
0.021
0.004
0.019
0.037

0.033

2.473 (1.784-3.429)
-
-
-
-
-
-
-

-

0.000
-
-
-
-
-
-
-

-
c. Analysis of groups of treatment in ACVIM class C 

Therapeutic groups n. of subjects n. and % of CD n. and % of alive or death 
due to OC MST days (CI 95%)

1 
2 
3 

n. 130
n. 73
n. 30

59 (45.4%) 
42 (56.2%) 
22 (73.3%)

71 (54.6%)
32 (43.8%)
8 (26.7%)

665 (532.724-794.276)
487 (306.392-667.608)
447 (190.470-703.530)

d. Univariate analysis of groups of treatment in ACVIM class C 

Predictors Univariate analysis HR 
(95% CI) p value Multivariate analysis HR 

(95% CI) p value

LA/Ao 
administration of therapy 
(yes/no)
E wave 
E/A ratio 
EDVI
ESVI 
LVIDdN
LVIDsN

2.773 (1.978-3.880)
1.295 (1.020-1.644)

2.686 (1.571-4.594)
1.669 (1.200-2.321)
1.005 (1.002-1.008)
1.006 (1.001-1.012)
2.821 (1.607-4.952)
2.222 (1.218-4.054)

0.000
0.033

0.000
0.002
0.000
0.014
0.000
0.009

-
-

-
-
-
-
-
-

-
-

-
-
-
-
-
-

Univariate and multivariate analysis of clinical records from 2001 to 2018. Parameters not reaching statistical significance are not report-
ed in the table. LA/Ao = left atrium to aorta ratio; E = E wave; E/A = E and A waves ratio; EDVI = end diastolic volume index;  
ESVI = end systolic volume index; LVIDdN = allometric diastolic left ventricle internal diameter; LVIDsN = allometric systolic  
left ventricle internal diameter; MST = median survival tine; CI = confidence interval; CD = cardiac death; OC = other causes;  
HR = hazard ratio; CI = confidence intervals. Therapeutic groups: 1 = Furosemide + ACE-I; 2 = Furosemide + ACE-I + Pimobendan;  
3 = Furosemide + ACE-I + Pimobendan + Spironolactone.
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between groups 2 and 3. The MST of patients in groups 
1 and 2 were assessed. The log-rank method also 
showed that there was no statistically significant diffe- 
rence (p=0.091) between the MST for the CD of dogs 
undergoing different cardioactive therapies. 

Analysis of groups of treatment in ACVIM class C 
(2010 to 2018)

Two hundred and two dogs (100 intact males,  
30 neutered males, 16 intact females and 56 neutered 
females), median weight 8.18 Kg (IQR=8.46), median 
age 12.54 years (IQR=3.69) were included. One hun-
dred and twenty-one dogs died (59.9%) and 91 (75%) 
died of CD. The therapy groups and the MST of each 
dog are shown in Table 4. In 70 subjects PH was found, 
of which 38 (54.3%) were mild, and 32 were mode- 
rate-severe (45.7%) (Table 5). The Kendall tau test  
revealed a positive correlation between CD and the 
presence of PH (R=0.2, p=0.005); CD and PH severity 

(R=0.2, p=0.003); as well as CD and the presence  
of a moderate-severe PH grade (R=0.18, p=0.011).  
The relationship between PH and CD was then investi-
gated in each therapeutic group. A weak and positive 
correlation was found in group 1 between the severity 
of PH and CD (Kendall association coefficient R=0.24, 
p=0.023), while in groups 2 and 3, the correlation was 
not statistically significant (R=0.13 and R=0.24, respec-
tively). The distribution of PH severity among the three 
groups of dogs who died of CD is reported in Table 5.  
A statistically significant difference of PH severity dis-
tribution only between therapeutic groups 1 and 3 
(p=0.033) was noted. The variables considered for sur-
vival regression were sex, therapy, TRV and PH seve- 
rity, weight, age, LA/Ao ratio, E wave, E/A ratio, EF%, 
FS%, LVIDdN and LVIDsN, EDVI and ESVI. Based 
on the correlation with CD, the chosen predictors were: 
PH severity, age, LA/Ao ratio, E wave, E/A ratio, 
LVIDdN, and LVIDsN. The significant predictors for 
CD were age (HR=1.009, p=0.003) and PH severity 

Table 3. Therapeutic treatments considered from 2001 to 2018 – subjects ACVIM class C.

Group 1 No. 168 44.8% Furosemide + ACE-I

Group 2 No. 96 25.6% Furosemide + ACE-I + Pimobendan

Group 3 No. 34 9.1% Furosemide + ACE-I + Pimobendan + Spironolactone

Classification of therapeutic treatments considered in the first analysis (subject in ACVIM class C from 2001 to 2018). Clinical records 
of dogs for whom cardioactive therapy had previously been arranged were also included. ACE-I = Angiotensin-converting enzyme in-
hibitors.

Table 4. Therapeutic treatments considered from 2010 to 2018.

Groups No. % Therapy MST IQR

Group 1 85 dogs 42.1 Furosemide + ACE-I 318 days 698 days

Group 2 76 dogs 37.6 Furosemide + ACE-I + Pimobendan 339 days 415 days

Group 3 41 dogs 20.3 Furosemide + ACE-I + Pimobendan + Spironolactone 408 days 480 days

Therapeutic groups and MST of subjects in the ACVIM C class included in the second analysis (2010-2018). ACE-I = Angiotensin- 
-converting enzyme inhibitors; MST = median survival time; IQR = inter-quartile range. 

Table 5. Distribution of PH severity in CD related to therapeutic class (2010-2018).

Therapeutic Groups

1 2 3

PH severity Frequency % Frequency % Frequency %

Absent 26 63.4 16 57.1 8 36.4

Mild 10 24.4 7 25 3 13.6

Moderate 3 7.3 3 10.7 6 27.3

Severe 2 4.9 2 7.1 5 22.7

Total 41 100 28 100 22 100

Distribution of PH severity in CD. PH = pulmonary hypertension; CD = cardiac death. Therapeutic groups: 1 = Furosemide + ACE-I;  
2 = Furosemide + ACE-I + Pimobendan; 3 = Furosemide + ACE-I + Pimobendan + Spironolactone.
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(HR=1.316, p=0.032). After adjusting for age, PH  
severity was a risk factor for CD. The regression model 
applied to each group of therapy evidenced different 
significant correlations. In group 1 the following cor-
related significantly to CD: E wave, E/A ratio, FS%, 
LVIDdN and LVIDsN and PH severity. In group 2  
the following correlated significantly to CD: LA/Ao  
ratio, E wave, E/A ratio, EDVI, ESVI and LVIDdN and 
LVIDsN. In group 3 these variables were LA/Ao ratio, 
EDVI, LVIDdN. In groups 1 and 2 considered together 
as a single group, the variables correlating significantly 
to CD were LA/Ao ratio, E wave, E/A wave, EDVI, 
ESVI, LVIDdN, LVIDsN and PH severity. We found  
a significant model only in therapeutic group 3, contain-
ing predictor LA/Ao (HR=5.867, p=0.014) adjusted for 
age. An analysis of the different endpoints (EP) was 
performed for each group: CD and first and following 
therapy changes. No significant difference was ob-
served for MST (p>0.05) in dogs subjected to therapeu-
tic change. The final step of the survival analysis  
entailed comparing the clinical findings and the echo-
cardiographic variables at the first and at the last visit 
for each subject. There was no statistically significant 
difference between the first and last visit (p>0.05),  
except for the echocardiographic variable related to the 
TRV (sign test, p=0.008). The difference in the tricus-
pid regurgitation velocity between the first and last  
visits was the only parameter to be statistically signifi-
cant (p=0.008) in animals subjected to a therapeutic 
change in ACVIM C class. 

Discussion

DMVD is a progressive disease with a slow onset  
of clinical signs, and many affected animals die of unre-
lated diseases (Borgarelli et al. 2008). Several studies 
have reported MST and prognostic indicators in dogs 
with this pathology. However, these studies focused on 
specific breeds and did not include large breed dogs 
(Häggström et al. 1992, Beardow and Buchanan 1993, 
Swenson et al. 1996) or focused on specific aspects  
of the disease, such as the influence on survival after 
chordal rupture (Serres et al. 2007) and the effect  
of therapy on survival time (BENCH Study Group 
1999, Kvart et al. 2002). To the best of our knowledge, 
there are no studies on the evaluation of MST within the 
same severity class in relation to the various therapeutic 
combinations. The demographic data of the studied 
population were in line with the data reported in the  
literature, concerning breed, weight, and age (Borgarel-
li et al. 2008, Häggström et al. 2008, Mattin et al. 2015). 
The literature reports an MST of between 5 and 14 
months once CHF develops (Ettinger et al. 1998, 
BENCH Study Group 1999, Häggström et al. 2008, 

Borgarelli and Häggström 2010). In our study, the MST 
between the diagnosis of DMVD in ACVIM stage C 
and CD was 531 days (17.7 months) for subjects in-
cluded from 2001 to 2018, and 335.5 days (11.2 months) 
for subjects included only from 2010 to 2018. The dif-
ference in MST between the two populations can be 
explained by the different classification applied during 
the study. In veterinary medicine, in order to improve 
the diagnostic and therapeutic approach to CHF, two 
classification schemes have been proposed: the 
ISACHC classification and the ACVIM classification 
(International Small Animal Cardiac Health Council 
1994, Fox et al. 1999, Keene et al. 2019). In this study, 
it was assumed that for the records included from 2010 
to 2018, there was a more standardised classification, 
not affected by conversion errors. While the majority  
of dogs died or were euthanized because of worsening 
heart failure, multiple factors other than the underlying 
cardiac disease can impact survival time in veterinary 
medicine, including medication adherence, financial  
issues, and owner compliance. Knowledge of MST and 
prognostic factors could assist clinicians in communi-
cating the prognosis to owners of dogs with advanced 
heart failure because of DMVD. We believe it is impor- 
tant to understand the long-term outcome and the  
influence of certain clinical and echocardiographic vari-
ables and of the therapeutic scheme on survival in  
a large series of dogs. The aim of this retrospective 
study was to investigate the MST of dogs affected  
by DMVD belonging to ACVIM class C and treated 
with different combinations of drugs. In addition,  
the effects of the different therapeutic protocols on the 
MST and the prognostic values of the echocardiograph-
ic data were evaluated. In this study the MST of ACVIM 
C patients belonging to different therapeutic groups 
was in accordance with those reported in the literature, 
although the more complex therapeutic scheme (groups 
2 and 3) was associated with a shorter survival time, 
although not statistically different (Lombard et al. 2006, 
Häggström et al. 2008, Boswood et al. 2016, Baron 
Toaldo et al. 2018). This is even though patients with 
more advanced DMVD need more complex cardioac-
tive therapy. Our study highlighted that with the same 
severity level of DMVD (subjects in ACVIM class C 
included from 2001 to 2018), the MST of dogs who 
died of CD was longer than the MST of those who died 
of OC. This could mean that cardioactive therapies play 
a pivotal role in maintaining a good quality of life and 
in increasing the probability of a longer survival if no 
other superimposed pathology occurs. Today, DMVD 
alone is a less frequent cause of death in dogs than  
in the past. In line with the literature, we found that  
LA/Ao and E wave velocity are predictors of CD  
(Baron Toaldo et al. 2018). The increase in LA/Ao ratio 
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and E-wave values corresponds to an increased risk  
of CD. The univariate analysis also revealed the E/A 
ratio, EDVI, ESVI, LVIDdN, LVIDsN, age and spi-
ronolactone administration as predictors of CD. How-
ever, only the LA/Ao ratio proved to be significantly 
correlated in the multivariate analysis to the CD,  
as reported in the literature (Baron Toaldo et al. 2018). 
The univariate analysis of the LA/Ao ratio, E wave,  
E/A ratio, EDVI, ESVI, LVIDdN and LVIDsN  
of patients categorized into different therapeutic groups 
(1, 2 and 3) showed a negative and statistically signifi-
cant correlation with MST and a significant association 
with an increased risk of CD. The differences in MST 
among the therapeutic groups were evaluated and  
an increase in LA/Ao ratio, E wave and EDVI was nega- 
tively related to survival. To the best of our knowledge, 
no other retrospective study has analysed the MST  
in different groups of therapy patients belonging to the 
ACVIM C class. The analysis highlighted that in dogs 
who died of CD, there was no significant difference  
in the MST between cardio-active therapy groups, 
which means that the MST of patients in the ACVIM C 
class is not related to the therapy group. The correlation 
was evaluated between CD and PH in subjects belong-
ing to the ACVIM C class, included from 2010 to 2018, 
in each therapeutic group. Only in group A was there  
a positive correlation between severity of PH and risk 
of CD. The multivariate regression analysis was applied 
to highlight the predictor factors among the clinical and 
echocardiographic variables, and the uncorrelated vari-
ables were selected. Only PH severity and age were 
positively related to CD. Adjusting for age, the PH  
severity was shown to be a risk of factor for CD.  
The same approach was carried out in each therapy 
group. Multivariate regression within therapeutic 
groups showed that only LA/Ao adjusted for age  
in therapeutic group 3 was a predictor of CD, and no 
other references were found in the literature regarding 
this. Regarding subjects included from 2010 to 2018, 
different EP were considered for each therapeutic 
group: CD, first and following therapy changes and 
moving to more advanced severity class. Between the 
first and last visits, none of the normally distributed 
variables considered (weight, E wave, E/A ratio, EDVI 
and LVIDdN) were statistically different. Even for not 
normally distributed variables (LA/Ao ratio, FS%, 
ESVI, LVIDsN and TRV), there was no significant dif-
ference between the first and last visits, except for TRV. 
The differences in TRV correlated positively to CD  
in ACVIM C dogs undergoing therapeutic changes.  
As far as the limitations of our study are concerned,  
this study was performed retrospectively on a popula-
tion of dogs affected by spontaneous DMVD, and re-
cruited over a long period of time (2001 – 2018), during 

which many changes in diagnostic procedures, thera-
pies and patient classification systems have occurred. 
The inclusion criteria of the patients were very strict. 
However, this is a retrospective study, thus biases can-
not be as well controlled as in a well-designed prospec-
tive study. Patients who had already been treated with 
cardioactive therapy were recruited, which justifies  
the variability in therapeutic groups of the overall popu- 
lation. 

The echocardiographic values, associated with 
ACVIM class C of DMVD, were useful from a prog-
nostic point of view, and to answer any of the owners’ 
questions. The PH severity also correlated strongly  
to CD and therapeutic groups. In addition, we believe 
that our study indicates that data regarding therapeutic 
choices and any variations after the initial diagnosis 
should be monitored in clinical practice in order  
to assess the prognosis and modulate the treatment  
of animals with DMVD. Retrospective evaluation  
of the medical records of patients visited over a very 
long period suggests that the classification of DMVD 
needs revisiting. The ACVIM classification does not  
include any possible reclassifications into less severe 
classes of mitral disease because of cardioactive  
therapy. The lengthening of MST and a good quality  
of life (QoL) are significant aspects of the therapeutic 
strategy, and both are very important for the owners. 
The achievement of a longer MST in our study com-
pared to the literature might be explained by the good 
compliance of the owners over time, even given the 
complex protocols (Lopez-Alvarez et al. 2015). Pro-
spective studies are needed to investigate the compli-
ance effects of owners and the influence of more stan-
dardized therapeutic protocols on the QoL and the 
survival of dogs with DMVD.
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