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Background: The prevalence and prognostic importance of atrial fibrillation (AF) on survival in nonsmall breed dogs with

myxomatous mitral valvular disease (MMVD) and congestive heart failure (CHF) remain unknown.

Aim: To identify the prevalence of AF in nonsmall breed dogs with CHF because of MMVD and to characterize the

impact of AF on survival outcome.

Animal: Sixty-four client-owned dogs (>15 kg) with MMVD and CHF.

Methods: Retrospective review of medical records for dogs weighing >15 kg with MMVD treated for CHF.

Results: Thirty-three dogs presented with AF or developed AF during follow-up examinations, and 31 dogs were free of

AF until cardiac-related death. For dogs with AF, median survival time (MST) was 142 days (range: 9–478) while dogs with-

out AF lived 234 days (range: 13–879 days). AF increased risk of cardiac-related death (HR = 2.544; 95% CI = 1.41–4.59;
P = .0019) when compared to dogs without AF. MST was significantly prolonged for dogs with AF whose rates were ade-

quately controlled (<160 bpm; 171 days; n = 13) when compared to dogs that failed to respond to negative chronotropic

agents (61 days; n = 20; P = .032). The administration of combination treatment (diltiazem and digoxin) significantly

decreased median HR to 144 bpm (range: 84–218 bpm) in dogs with AF and significantly prolonged MST (dilti-

azem+digoxin: 130 days versus diltiazem: 35 days, P = .0241) when compared to diltiazem alone.

Conclusions and Clinical Importance: Inadequately controlled AF is associated with a higher rate of mortality. Optimiza-

tion of therapeutic strategies for the rate control of AF remains determined.
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Myxomatous valvular degeneration (MMVD) is the
most common heart disease in dogs, and is char-

acterized by valvular leaflet thickening, prolapse and
regurgitation, leading to secondary changes in cardiac
structure and function. The prevalence of the disease is
correlated with the age and the breed.1 Only a subpopu-
lation of dogs with MMVD undergoes progression to
congestive heart failure (CHF).2 Predictors of poor sur-
vival outcome of small dogs with CHF because of
MMVD have been well-documented, and include chor-
dae tendineae rupture, left atrial wall tear and cardiac
arrhythmia.2–5

MMVD also occurs in medium-sized and large breed
dogs, although the disease characteristics are somewhat
different from small breed dogs. MMVD in large breed
dogs often presents with a lesser degree of AV valvular
thickening, and echocardiographic evidence of mild to
moderate left ventricular systolic dysfunction (e.g.,

increased LV end-systolic diameter, LVESD) is usually
present at the time CHF is diagnosed.5,6 Furthermore,
atrial fibrillation (AF) is more frequent in large breed
dogs with MMVD.5

AF is the most common supraventricular tach-
yarrhythmia in dogs and is especially prevalent in those
with severe cardiac disease. Cardiac structural changes
that increase atrial wall stress predispose to AF.7 Elec-
trical remodeling in the atria (shortening of refractory
period, slowing of conduction velocity, alteration in
expression level of ion channels) also plays a role in the
development of AF.8 AF has several detrimental effects.
In experimental models, chronic tachycardia (rate >
180 bpm) results in left ventricular systolic dysfunction
and secondary chamber enlargement.9 Loss of atrial
contraction and shortened diastolic filling time because
of irregular and typically rapid ventricular response rate
in AF may decrease cardiac output and elevate atrial
filling pressure, both of which ultimately can contribute
to the worsening of CHF and decreased quality and
quantity of life.10

CHF is the biggest risk factor for development of AF
and shortened survival time in humans.11–13 The combi-
nation of AF and CHF carries a worse prognosis than
either alone. To the authors’ knowledge, the prognostic
significance of AF on survival time in medium-sized to
large breed dogs with MMVD and CHF, as well as its
prevalence, are unknown. The primary objectives of the
present retrospective study were (1) to identify the
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prevalence of AF in medium-sized to large breed dogs
with CHF due to MMVD, (2) to characterize the
impact of AF on survival outcome in these dogs, and
(3) to determine if ventricular rate control improves
survival.

Materials and Methods

Animals and Criteria

The University of California-Davis William R. Pritchard Veteri-

nary Medical Teaching Hospital (UCD-VMTH) database was

examined retrospectively (January 1, 2005 to December 31, 2010)

to identify medium-sized to large (>15 kg) dogs with CHF (current

or history of) due to MMVD. A total of 435 medical records were

identified, using the search terms of “congestive”, “valve”, and

“degeneration”. Information collected from the records included

signalment, body weight (BW), serum biochemical profiles, dosage

of cardiac medications, echocardiographic measurements, and elec-

trocardiographic findings. Due to a wide range of variation in bio-

chemical values and drug dosages throughout the management

period of individual patient, data at the last examination close to

death were subjected to maximum likelihood analysis.

Differentiating severe MMVD from dilated cardiomyopathy in

large breed dogs can be problematic. To be diagnosed with severe

MMVD as the cause of CHF, each dog had to have a shortening

fraction >22%, color flow Doppler evidence of severe mitral regur-

gitation (MR), normal to hyperdynamic interventricular septal

motion, and a normal to only mildly increased E-point to septal

separation (EPSS). Severe MR was defined as large eccentric

regurgitant jets by color flow Doppler mapping and a severely

enlarged left atrium. Dogs with sustained AF had to have an aver-

age resting heart rate (HR) >160 bpm on the surface electrocardio-

gram (ECG) at baseline. Entry time into the study was defined as

the date of CHF diagnosis, and its diagnosis was reviewed and

confirmed by board-certified veterinary cardiologists. Exclusion

criteria were as follows: (1) infective endocarditis, (2) congenital

cardiac anomalies, (3) dilated cardiomyopathy (large LVESD,

FS < 20%), (4) Boxers and Doberman Pinchers, (5) dogs without

the aforementioned echocardiographic criteria or that were never

in CHF, (6) presence of a pacemaker, (7) lone AF, (8) concomi-

tant ventricular arrhythmias, (9) concurrent systemic diseases (i.e.,

endocrinopathy, cancer, primary renal failure), (10) noncardiac-

related death, or (11) still alive or lost to follow-up at the time of

study.

Definitions

CHF was defined as pulmonary edema, ascites and/or pleural

effusion coupled with severe cardiac disease (severe left, right or

both atrial enlargement) that required furosemide administration.

Pulmonary edema was diagnosed based on clinical signs (cough,

tachypnea, dyspnea, orthopnea), radiographic appearance and/or

an elevated sleeping respiratory rate (SRR) that decreased follow-

ing institution of furosemide treatment all in a dog with a severely

enlarged left atrium.

Electrocardiographic evaluation was done by recording a sur-

face ECG in an exam area. Average resting HR was defined as a

mean value of 3 independent HR calculations from 3 different

areas on the ECG tracings. The number of QRS complexes were

counted over 6 seconds and multiplied by 10 to calculate the HR

per minute. Antiarrhythmic agents utilized for the rate control of

AF included diltiazem, extended release diltiazem (e.g., Dilacor

XR), digoxin, and atenolol. Drugs were used alone or in combina-

tion. Adequate HR control of AF was defined as an average rest-

ing HR ≤ 160 bpm in an exam area and was determined by

records at UCD-VMTH or referring hospitals throughout the

management period of each individual patient. When modifica-

tions were made in the dose and type of negative chronotropic

agents, ECGs were re-evaluated in 5–7 days to determine the ade-

quacy of HR control of AF by either a clinician at the UCD-

VMTH or by a referring veterinarian.

Follow-up on Outcome Events

The primary endpoint was cardiac-related death. Cardiac-

related death was defined as a composite of death that resulted

from sudden death or euthanasia related with worsening or refrac-

tory CHF. All dogs enrolled in the study reached the primary end-

point. When documented in the record, the survival time intervals

from the diagnosis of CHF to cardiac-related death were retrieved.

For dogs for which survival time was not retrievable from the

medical record, follow-up information (survival status, final HR

for dogs with AF, cause and date of death) was obtained by a

phone interviews with the owner or the referring veterinarian.

Statistical Analysis

A Shapiro–Wilk normality test was used to determine the nor-

mality of data distribution. Normally distributed data were

expressed as mean � standard deviation (SD). Data with non-

normal distribution were expressed as median and range. Demo-

graphic and clinical variables were evaluated for difference

between 2 groups (AF versus No AF). Homogeneity of the contin-

uous variables such as age was compared by a Wilcoxon’s signed-

rank procedure. Categorical data such as the prevalence of AF

between males and females were analyzed by a Fisher’s exact test.

Cox proportional hazards regression analysis was performed to

determine whether a significant relationship existed between clini-

cal variables and survival endpoint. The hazard ratio (HR) and

95% confidence intervals (CI) were calculated. Results of analysis

were considered significant when P values were <.05 and with the

hazard ratio when the 95% CI was different from 1. The Kaplan–
Meier (KM) method was used to compare median survival time

(the time at which 50% of dogs in each group were dead) and

95% CI between the groups. A log-rank test was used to deter-

mine whether a significant difference in KM survival curves existed

between the groups. A simple linear regression analysis was per-

formed to examine the relationship between the dosage of each

antiarrhythmic agent and the degree of HR reduction. For all

analyses,a statistical significance was set at P < .05.

Results

Overall Demographic Data and Clinical Outcome

A total of sixty-four dogs met the inclusion criteria.
The most common breeds were Australian Shepherd
(n = 16), German Shepherd (n = 9) and Labrador
Retriever (n = 7). Twenty-one other breeds with 1–3
dogs each were also identified. Median age at the time
of diagnosis of CHF was 11 years (range: 6–15 years).
Median body weight (BW) was 24 kg (range: 16–
64 kg). Thirty-eight dogs were male, and 26 female. The
majority (n = 50) exhibited left-sided CHF, and 14 dogs
were in both left- and right-sided CHF. All dogs
(n = 64) were administered furosemide, and their med-
ian daily dose was 5.6 mg/kg/day (range: 3–15 mg/kg/
day). The majority of dogs (n = 59) were administered
enalapril, and their median dose was 0.45 mg/kg q12h
(range: 0.43–0.56 mg/kg q12h). Half (n = 32) of the
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dogs were administered pimobendan, and their median
dose was 0.23 mg/kg q12h (range: 0.21–0.27 mg/kg
q12h). Other medications for heart failure concurrently
utilized were hydrochlorothiazide (n = 3) and spirono-
lactone (n = 3). Median LA/Ao ratio measured at the
end of T-wave was 2.5 (range: 1.7–3.7). Median FS%
and indexed LVESD (LVESD/BW1/3) were 36% (range:
22–55%) and 2.9 (range: 2.7–3.4), respectively
(Table 1).

Median survival time (MST: time from the diagnosis
of CHF to cardiac-related death) in all 64 dogs was
172 days (range: 9–879 days). Thirty-three of the dogs
(52%) were diagnosed with AF. AF was documented in
21 dogs at the time CHF was diagnosed. Twelve dogs
developed AF during the course of follow-up examina-
tions, and the median interval from CHF diagnosis to
AF was 63 days (range: 5–267 days). Median period
from the documentation of AF to cardiac-related death
was 75 days (range: 3–470 days). Thirty-one dogs
(48%) were in sinus rhythm from the onset until
cardiac-related death. The distribution of the above
mentioned clinical variables was not significantly differ-
ent between dogs in AF and dogs not in AF except for
2 variables, BW, and survival time (Table 1). Dogs in
AF (median: 28 kg, range: 16–64 kg) weighed more
than dogs without AF (median: 22, range: 16–45;
P = .0155). For dogs with AF, MST was 142 days
(range: 9–478) while dogs without AF had a MST of
234 days (range: 13–879 days; P = .002).

Cox Proportional Hazard Analyses of the Effect of
Clinical Variables on Survival Time

The univariate analysis of 12 covariables (AF, LA/
Ao, FS%, furosemide, pimobendan, serum sodium con-
centration, serum potassium concentration, BUN,
serum creatinine concentration, age, sex, BW) was per-
formed to identify risk factors that significantly
impacted the survival time. AF had a significant effect
on the risk of reaching the primary endpoint (cardiac-
related death) (HR = 2.544; 95% CI = 1.41–4.59;
P = .0019) when compared to dogs without AF. No
other variable was associated with a positive or a nega-
tive clinical outcome (Table 2). Since AF was the only
significant clinical variable identified in the univariate
analysis, a subsequent multivariate analysis was not
indicated. Consistent with the univariate logistic regres-
sion, the Log-Rank test for the Kaplan–Meier (KM)
survival curves confirmed that there was a significant
difference in survival time between dogs with AF and
dogs without AF (P = .002, Fig 1).

Effect of Negative Chronotropic Treatment for AF on
Survival Outcome

Reduction in the ventricular response to AF is the
primary goal of rate treatment and the survival benefit
of achieving an average HR < 160 bpm with antiar-
rhythmic treatment was examined (Fig 2). Adequate
heart rate control was defined as a ventricular rate
<160 bpm, and so inadequate control was defined as a
ventricular rate >160 bpm. MST was significantly
longer for dogs whose HR was adequately controlled
than for dogs that failed to adequately respond to nega-
tive chronotropic agents. MST from the diagnosis of
CHF to cardiac-related death of dogs with an average
HR < 160 bpm (n = 13) was 171 days, whereas dogs
with an average HR > 160 bpm (n = 20) lived for
61 days on average (P = .032, Fig 2). Nine dogs of 13

Table 1. Demographic data of 64 dogs with MMMVD
and CHF separated by AF status.

Parameter AF (n = 33)

No AF

(n = 31) P-value

Age (year) 11 (6–15) 11 (6–14) .78

Sex (M/F) 20/13 18/13 .99

BW (kg) 28 (16–64) 22 (16–45) .016*

Na (mmol/L) 146 (124–151) 148 (126–154) .19

K (mmol/L) 4.3 (3.1–4.9) 4.1 (3.2–4.3) .27

BUN (mg/dL) 34 (11–128) 27 (14–99) .33

Crea (mg/dL) 1.4 (0.6–2.9) 1.3 (0.8–2.6) .30

CHF (L/R) 25/8 25/6 .76

Pimobendan (Y/N) 16/17 16/15 .99

Furosemide

(mg/kg/day)

6 (3–12) 5.1 (3–15) .62

Enalapril (Y/N) 30/3 29/2 .91

LA/Ao 2.6 (1.7–3.7) 2.3 (1.8–3.5) .21

FS% 36 (23–48) 39 (22–55) .21

Indexed LVESD 3 (2.8–3.3) 2.9 (2.7–3.4) .13

Survival

time (days)

142 (9–478) 234 (13–879) .002**

AF = atrial fibrillation; CHF = congestive heart failure;

MMMVD = myxomatous mitral valve degeneration; LA = left

atrium; Ao = aorta; FS = fractional shortening; LVESD = left

ventricular end-systolic diameter; BUN = blood urea nitrogen;

BW = body weight; M = male; F = female; BUN = blood urea

nitrogen; Crea = creatinine; Na = sodium; K = potassium. Median

(range) or proportion is reported.

*P < .05.

**P < .01.

Table 2. Univariate analysis of maximum likelihood
estimates.

Predictors HR (95% CI) P-value

AF 2.544 (1.410–4.590) .0019**

LA/Ao 1.475 (0.844–2.577) .17

FS 1.020 (0.979–1.062) .34

Furosemide 0.953 (0.881–1.031) .22

Pimobendan 0.724 (0.413–1.270) .26

Na 1.012 (0.953–1.074) .70

K 1.158 (0.891–1.135) .39

BUN 0.994 (0.972–1.016) .56

Crea 1.998 (0.859–4.696) .11

Age 0.907 (0.785–1.048) .18

Sex 1.727 (0.909–3.279) .09

BW 1.005 (0.963–1.049) .83

HR = hazard ratio; CI = confidence interval; AF = atrial fibril-

lation; LA = left atrium; Ao = aorta; FS = fractional shortening;

BUN = blood urea nitrogen; Crea = creatinine; Na = sodium;

K = potassium; BW = body weight. HR (95% CI) is presented.

**P < .01.
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with an adequate rate control received diltiazem and
digoxin. For dogs with AF, median FS% and LVESD
of dogs with HR < 160 bpm were not different from
dogs with HR > 160 bpm. Median HR before the
administration of any negative chronotropic agents for
dogs with AF was 220 bpm (range: 160–270 bpm). Dil-
tiazem alone was the most commonly used method of
treatment. The median dose was 1 mg/kg q8h (range:
0.5–2 mg/kg q8h). Median HR after diltiazem alone
was 180 bpm (range: 120–240 bpm). There was a statis-
tically significant reduction in median HR after dilti-
azem alone (P = .006). Cox proportional hazards
analysis revealed there was no relationship between the
use of diltiazem and MST (P = .669). For dogs admin-
istered diltiazem plus digoxin, the average HR was bet-
ter controlled (median: 144 bpm; range: 84–218 bpm)
as compared to dogs with diltiazem alone (median:
180 bpm; range: 120–240 bpm), and the KM analysis
demonstrated that the administration of digoxin along
with diltiazem significantly improved survival. Thirteen
dogs received digoxin in combination with diltiazem
and had a longer MST than dogs without digoxin
administration (diltiazem plus digoxin: 130 days versus
diltiazem alone: 35 days, P = .0241, Fig 3). Median
dose of digoxin was 0.004 mg/kg q12h (range: 0.003–
0.006 mg/kg q12h). Two dogs received sustained release

diltiazem (Dilacor XR, 3 mg/kg q12h) in combination
with digoxin (0.003 mg/kg q12h). Both exhibited ade-
quate HR reduction (range: 140–160 bpm). Resting
average HR did not improve with atenolol alone in 3
dogs at a dose of 0.3–1.5 mg/kg q12h (HR before: 220–
250 bpm; HR after 200–240 bpm).

Discussion

Atrial fibrillation has a high prevalence in dogs with
CHF due to MMVD and is associated with a shorter
survival time in medium to large-sized dogs with
MMVD and CHF. The left atrial size of all 64 dogs
that met the inclusion criteria was severely enlarged
(median LA/Ao ratio of 2.5), and approximately 52%
of them (n = 33) developed AF. Atrial pathology or
increased atrial size predisposes to the development
of AF, since atrial stretch is associated with increased
dispersion of refractoriness and altered electrical
propagation.14,15

MST of the dogs in this study with severe MR
because of MMVD but no AF was approximately
8 months. That is comparable to the previously
reported MST of 9 months in small dogs with severe
MMVD and CHF when only cardiac-related death was
considered as an endpoint.2 MST of dogs with AF in
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Fig 1. Kaplan–Meier survival statistics of dogs with or without AF. Dogs without AF had a significantly longer median survival time

(MST) compared with dogs with AF (MST of No AF = 234 days versus AF = 142 days, P = .002).
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Fig 2. Kaplan–Meier survival curve of dogs with (<160 bpm) and without (>160 bpm) adequate rate control of AF. Dogs with

adequate rate control showed a significantly longer median survival time compared to dogs with inadequate rate control (<160 bpm:

171 days versus >160 bpm: 61 days, P = .032).
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this study, however, was significantly shorter
(4.7 months).

Pharmacological rate control remains central to long-
term management of AF in dogs. In this study less than
half of dogs (42%) in the AF group achieved adequate
rate control on an ECG in the exam area
(HR < 160 bpm) with negative chronotropic treatment.
Median survival was shorter in dogs where HR of
160 bpm or less was not achieved. Chronic tachycardia
(HR > 180 bpm) for over a 2–4 week period in dogs
leads to tachycardia-induced myocardial failure.16,17

A primary therapeutic goal of AF is thought to be pre-
vention of tachycardia-induced myocardial failure either
by controlling ventricular response rate (rate control) or
by converting AF to sinus rhythm (rhythm control).15

Human studies have established that morbidity and
mortality are comparable between rate and rhythm con-
trol treatment.18 AF management with the rate control
approach is at least as effective as rhythm-based man-
agement for outcomes from human studies.19

Although FS% is not the most accurate or consistent
echocardiographic variable for evaluating left ventricu-
lar (LV) function, it is commonly used as a reasonable
surrogate of LV systolic pump function.20 It was previ-
ously reported that small breed dogs (<15 kg) with
MMVD and severe CHF exhibited hyperdynamic LV
function (mean FS% approximately 52%) because of a
marked increase in LVEDD and a normal to mildly
increased LVESD.5 In this study, median FS% was
much lower but within reference range (36%) due to a
marked increase in LVEDD and most commonly a
moderate increase in LVESD, which are characteristic
features of severe MR in medium to large-sized dogs
with MMVD and CHF.5,6 Since FS% and indexed
LVESD were not different between dogs with AF and
dogs without AF, decreased survival time in the dogs
with AF may have more to do with lack of atrial con-
tribution to cardiac function than to left ventricular sys-
tolic dysfunction.

The available pharmacological interventions for AF
rate control can broadly be divided into nondihydropy-
ridine calcium channel blockers (e.g., diltiazem),
digoxin, and beta-adrenergic receptor blockers (e.g.,

atenolol, sotalol). While Dilacor XR was used only in 2
dogs in the study, its antiarrhythmic potency and
extended release property make it an attractive option
for AF rate control. These established pharmacological
therapies exert their beneficial effect via modulation of
AV nodal conduction by prolonging the refractory per-
iod of the node and slowing conduction through it.
A resting average HR of less than 160 bpm on an ECG
in the hospital has been suggested as the target HR for
AF rate control.21 The rationale behind this cutoff is
that tachycardia-induced myocardial failure consistently
occurs at a heart rate of 180 bpm or above.16,17 The
fact that a cutoff of 160 bpm yielded a significant differ-
ence in survival in this study strengthens the argument
that this cutoff is potentially valid. However, there was
no attempt to identify the optimal cutoff in this study
because of the small dataset so it is possible that an
even lower limit could be more beneficial. The optimal
level of rate control with respect to morbidity and mor-
tality rates remains to be determined.

The study results show that survival outcome was sig-
nificantly better in dogs with adequate HR control
(<160 bpm) in comparison to those with poor rate con-
trol (Fig 2). Strict rate control was apparently difficult
to achieve with a single agent like diltiazem. Whether a
higher dose of diltiazem in any given dog would have
been beneficial or would have been tolerated is
unknown. For dogs concurrently administered digoxin
and diltiazem, the target HR was more frequently
accomplished than with diltiazem alone, and the KM
analysis supports the conclusion that the administration
of digoxin along with diltiazem significantly improved
the survival outcome (Fig 3). This observation is consis-
tent with a previous report that the combination of dil-
tiazem and digoxin provides better rate control than
either drug alone in dogs with AF.22

The question remains whether stricter rate control
(target HR < 140 bpm) improves prognosis even fur-
ther. The question also remains whether or not higher
drug doses or combinational treatment of multiple
drugs could lead to increased incidence of drug-related
adverse effects. A recent human study demonstrated
that lenient rate control is not inferior to strict rate
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Fig 3. Kaplan–Meier survival curve of dogs with and without digoxin for AF heart rate control. Dogs administered diltiazem plus digoxin

had a significantly longer median survival time compared with dogs not administered digoxin (diltiazem+digoxin: 130 days versus diltiazem:

35 days, P = .024).
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control when it comes to survival benefit, and it is
easier to achieve.23

The study limitations are the retrospective study
design and so its potential selection bias. Longitudinal
data were limited in some dogs. Weak statistical power
related with nonrandomized study groups (AF versus
No AF) limits our ability to expand the study results to
a larger population. It is also important to emphasize
that enrolled dogs were managed by different clinicians
spanning 6 years. Although the primary study interest
was to determine the prognostic value of AF in dogs
with MMVD and CHF, successful management of
CHF and different types of treatment regimens as con-
founding variables could have influenced the survival
outcome. Adequacy of HR control for AF antiarrhyth-
mic treatment was only assessed by ECG. A 24-hour
ambulatory ECG (Holter monitor) before and after the
medical treatment was not performed in the assessment
of daily average HR. Some dates for establishing CHF
diagnosis and cardiac-related death were solely based
on client’s memory, but the majority of information
was collected on the basis of the medical records.

Conclusion

The prevalence of AF was high in medium-sized to
large dogs with MMVD and CHF, and AF significantly
increased the risk of cardiac-related death in these dogs.
A lower MST in dogs with AF and suboptimal rate
control suggests that adequate rate control is a critical
element in determining long-term survival. Adequate
ventricular rate control brought about by the adminis-
tration of digoxin and diltiazem produced favorable
effects on MST. A prospective clinical trial is warranted
to determine effective treatment methods and prognostic
benefits of optimal HR control in the management of
AF.
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