
Retrospective Evaluation of the Effect of Heart Rate on Survival in
Dogs with Atrial Fibril lation

B. Pedro, J. Dukes-McEwan, M.A. Oyama , M.S. Kraus , and A.R. Gelzer

Background: Atrial fibrillation (AF) usually is associated with a rapid ventricular rate. The optimal heart rate (HR) dur-

ing AF is unknown.

Hypothesis/Objectives: Heart rate affects survival in dogs with chronic AF.

Animals: Forty-six dogs with AF and 24-hour ambulatory recordings were evaluated.

Methods: Retrospective study. Holter-derived HR variables were analyzed as follows: mean HR (meanHR, 24-hour aver-

age), minimum HR (minHR, 1-minute average), maximum HR (maxHR, 1-minute average). Survival times were recorded

from the time of presumed adequate rate control. The primary endpoint was all-cause mortality. Cox proportional hazards

analysis identified variables independently associated with survival; Kaplan-Meier survival analysis estimated the median sur-

vival time of dogs with meanHR <125 bpm versus ≥125 bpm.

Results: All 46 dogs had structural heart disease; 31 of 46 had congestive heart failure (CHF), 44 of 46 received antiar-

rhythmic drugs. Of 15 dogs with cardiac death, 14 had CHF. Median time to all-cause death was 524 days (Interquartile

range (IQR), 76–1,037 days). MeanHR was 125 bpm (range, 62–203 bpm), minHR was 82 bpm (range, 37–163 bpm),

maxHR was 217 bpm (range, 126–307 bpm). These were significantly correlated with all-cause and cardiac-related mortality.

For every 10 bpm increase in meanHR, the risk of all-cause mortality increased by 35% (hazard ratio, 1.35; 95% CI, 1.17–
1.55; P < 0.001). Median survival time of dogs with meanHR<125 bpm (n = 23) was significantly longer (1,037 days; range,

524-open) than meanHR ≥125 bpm (n = 23; 105 days; range, 67–267 days; P = 0.0012). Mean HR was independently associ-

ated with all-cause and cardiovascular mortality (P < 0.003).

Conclusions and Clinical Importance: Holter-derived meanHR affects survival in dogs with AF. Dogs with meanHR

<125 bpm lived longer than those with meanHR ≥ 125 bpm.
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Atrial fibrillation (AF) is the most important non-
physiological arrhythmia in dogs.1 Most com-

monly, it is associated with structural or functional
cardiac disease and atrial remodeling.2 Concurrent con-
gestive heart failure (CHF) is frequently present, and
the prognosis for patients with CHF is worsened by the
development of AF.3,4

Two different treatment strategies are used to treat
AF: slowing of the ventricular response (rate control)
without correction of the AF or termination of the

arrhythmia (rhythm control), achieved either by electri-
cal or medical cardioversion. Furthermore, studies in
people have established that the rates of complications
and death were similar in patients with AF receiving
rate control treatment and in those receiving rhythm
control treatment.5 Recurrence of AF shortly after car-
dioversion is common,6,7 thus rate control has been the
primary therapy used in the management of AF in
dogs.

Guidelines for people with AF recommend a target
heart rate (HR) for patients with AF similar to a “situ-
ation-appropriate” sinus rate (<80 bpm at rest and
<110 bpm during moderate exercise).8–10 Veterinary rec-
ommendations, although not evidence-based, suggest
that dogs with AF and cardiac disease should have a
somewhat faster HR than normal to maintain cardiac
output, but this has not been validated. A recent study
in dogs proposed that an electrocardiography (ECG)-
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derived HR of <160 bpm is considered adequate.3 An
earlier study suggested that a 24-hour ambulatory ECG
(Holter) mean HR of ≤140 bpm indicated adequate rate
control in dogs,11 but clinical trials to support these
statements are lacking. Although ECG tracings are
acquired quickly and at relatively low cost when
recorded in a hospital setting, ECG recordings yield
HR influenced by stress-related stimulation.12 In con-
trast, ambulatory monitoring allows HR assessment
outside the hospital setting, perhaps more accurately
representing the dog’s HR fluctuations during a normal
daily routine in the familiar home environment. In-
clinic ECG recordings have been shown to correlate
with, but overestimate, the Holter recording-derived
mean HR in dogs with AF.13

The goal of ideal rate control is to decrease clinical
signs and improve survival, but drug-related adverse
effects including bradycardia and syncope can occur.
The balance between benefit and risk in terms of car-
diovascular morbidity and mortality in dogs is
unknown. In people, stricter rate control (resting
HR < 80 bpm and HR during moderate exercise
<110 bpm) was not superior to a more lenient approach
(resting HR < 110 bpm14–16), but these target HR over-
all are markedly lower than targets historically recom-
mended in dogs with AF.3,11

Whether more aggressive rate control is associated
with an improved prognosis as compared with a more
moderate treatment strategy remains unproven in dogs.

The objective of our study was to retrospectively
assess the effect of HR as determined by Holter record-
ing on survival in dogs with chronic AF associated with
underlying structural heart disease with and without
CHF.

Material and Methods

Data Acquisition and Analysis

For this retrospective study, medical records of all dogs hav-

ing a Holter recording in their home environment as part of

their diagnostic evaluation at the Small Animal Teaching Hospi-

tal, University of Liverpool, and at the Matthew J. Ryan Veteri-

nary Hospital of the University of Pennsylvania between 2008

and 2016 were reviewed. Dogs with a diagnosis of AF and at

least 1 Holter recording with a minimum of 20 hours of valid

data were included in the study. Patients were excluded if AF

changed to sinus rhythm or atrial flutter after the initial diagno-

sis of AF, if dogs developed clinically relevant bradyarrhythmia

requiring a pacemaker, had prior treatment with doxorubicin or

were known to have a serious systemic disease (eg, lymphoma)

at time of diagnosis of AF that was expected to limit the dog’s

life span.

The following information was recorded from the medical

records: signalment, cardiovascular diagnosis(es), rhythm diagnosis

by ECG, medications administered at the time of Holter record-

ing, Holter recording, and treatment instituted after the Holter

recording. Patient outcome was obtained from medical records as

well as follow-up phone calls to referring veterinarians, owners, or

both.

One or several Holter recordings were obtained from all dogs,

depending on whether or not the patients required rate control

treatment and how they responded to treatment.

We analyzed Holter recording data and outcome from the point

of time when the clinician presumed adequate rate control was

achieved, thus no further adjustments of rate control treatment

were made. Some dogs had only a single Holter recording for

assessment. In cases in which dogs had multiple Holter recordings,

only the last Holter recording was used for the study.

For 3-channel ambulatory Holter recording, a small area of

hair was clipped over the left and right cardiac apex for each elec-

trode pair, and ECG electrodes were connected to the Holter

recorder, which was fitted into a custom-made vest. Routine activi-

ties for the dogs were encouraged, and an activity diary was kept

by the owners.

Holter recording data were acquired using the Lifecard Com-

pactFlash (CF) Digital Holter Monitors at a sampling frequency

of 1,024 Hz, stored on 90-MB removable CF card, and transferred

to a hard drive for uploading to a commercial Holter analysis

company.a Commercially available Holter software designed for

people was used to perform standardized semiautomatic arrhyth-

mia analyses.b The system has been modified to accommodate dif-

ferences in the ECG characteristics of dogs compared to humans,

and all recordings are reviewed by a technician specifically trained

in analyzing Holter recordings in dogs. Holter recording reports

provided by the commercial Holter analysis company included

representative ECG strips of the dog’s rhythm (AF), episodes with

the maximum and minimum HR and longest pause, and examples

of ventricular arrhythmias, if present. Each Holter recording

report was reviewed by the attending veterinary cardiologist.

Holter recording data were evaluated for the presence of chronic

AF throughout the 24-hour recording period. From the 24-hour

Holter recording report, the mean heart rate (meanHR, 24-hour

average), minimum HR (minHR, 1-minute average), and maximum

HR (maxHR, 1-minute average) were assessed. We also assessed

pauses (longest RR interval) and ventricular tachyarrhythmias (sin-

gles, couplets, and runs of ventricular tachycardia).

Outcome Measures and Statistical Analysis

The study endpoint was all-cause mortality. A secondary end-

point was death because of cardiac disease, defined as sudden

death or euthanasia related to worsening of refractory CHF.

The survival time interval from the date of the last Holter

recording to death was recorded. For those cases in which sur-

vival time and cause of death were not recorded in the medical

records, follow-up information was obtained by a phone inter-

view with the referring veterinarian or owner. Demographic and

descriptive characteristics of the study cohort were tabulated.

Normality was assessed by visual inspection of histograms. Lin-

ear regression and the Pearson correlation coefficient were used

to evaluate collinearity among minHR, meanHR, and maxHR.

Overall survival and cardiovascular survival were calculated

using the Kaplan-Meier method. Differences in median survival

between groups were determined using the log rank test. Dogs

in the study that were alive at the end of the study or lost to

follow-up were right censored. In addition, dogs dying from

noncardiovascular causes were right censored for purposes of

cardiovascular survival analysis. The effect of patient demo-

graphics, diagnosis, study site, and HR on survival was ana-

lyzed using univariate Cox proportional hazards regression.

Variables with P value <0.25 on univariate analysis were consid-

ered for exploratory multivariable Cox regression.c Goodness-of-

fit of the multivariate models was determined by calculation of

Harrell’s C.17 The assumption of proportional hazards was

tested by postestimation score test of the Schoenfeld residuals.

Hazard ratios between variously constructed exploratory patient

subgroups on the basis of HR were compared using 1-way

ANOVA. P < 0.05 was considered significant.
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Results

Study Population

Of 844 Holter recordings acquired in dogs between
January 2008 and June 2016 at the University of Liver-
pool, 56 (6%) were performed in dogs with AF. Of
these, 17 were excluded and 39 dogs were included in
the study. Of 285 Holter recordings acquired in dogs
during the same period at the Matthew J. Ryan Veteri-
nary Hospital of the University of Pennsylvania, 16
(5%) were performed in dogs with AF. Of the 16 dogs,
9 were excluded and 7 were included in this study. Dogs
were excluded because of incomplete data (Holter
recording < 20 hours), clinically relevant VT, sponta-
neous conversion to sinus rhythm, electrical cardiover-
sion, or concurrent neoplasia.

Seventeen of the 46 dogs included in the study had
repeat Holter recordings performed to optimize rate
control: 13 dogs had 2 Holter recordings, 3 dogs had 3
recordings, and 1 dog had 4 recordings.

All Holter recordings were performed in the dog’s
home environment. The breeds represented by >2 cases
were Dogue de Bordeaux (n = 6), Labrador retriever
(n = 4), German shepherd (n = 4), Great Dane, New-
foundland, Mastiff, and Irish Wolfhound (n = 3 each).

There were 11 females (3 intact, 8 neutered) and 35
males (17 intact, 18 neutered) in the study. The median
weight was 41.3 kg (range, 14.1–78.5; IQR, 27.9–60.7);
the median age was 7 years (range, 1–14; IQR, 4–10).

Structural heart disease was identified in all dogs.
The primary structural abnormalities present were as
follows: dilated cardiomyopathy (DCM; n = 27), degen-
erative mitral valve disease (DMVD; n = 8), mitral
valve dysplasia (n = 7), patent ductus arteriosus (closed;
n = 2), tricuspid valve dysplasia (n = 2), subaortic
stenosis (n = 2), atrial cardiomyopathy (n = 2), and
arrhythmogenic right ventricular cardiomyopathy
(n = 1).

Thirty-one of the 46 dogs (67%) were in CHF at the
time of diagnosis of AF (18 of 46, left-sided; 4 of 46,
right-sided; 9 of 46, biventricular CHF) before the Hol-
ter recording examination and were receiving cardiac
medications, including furosemide, enalapril, benazepril,
and pimobendan. Some dogs also received spironolac-
tone and hydrochlorothiazide.

Forty-four of the 46 dogs (96%) were treated for rate
control of AF: 1 of 46 was receiving only digoxin, 8 of
46 were receiving only diltiazem (7 diltiazem modified
release [DMR] and 1 diltiazem extended release
[DXR]), 29 of 46 were receiving digoxin and diltiazem
(25 DMR and 4 DXR), 2 of 46 were receiving DMR
and amiodarone, 2 of 46 were receiving amiodarone
and digoxin and DMR, 1 of 46 was receiving only sota-
lol, and 1 of 46 was receiving digoxin and DXR and
sotalol.

Dosages for rate control treatment were as follows:
digoxin at 0.003–0.005 mg/kg PO q12h, DMR at 1.5–
2.5 mg/kg PO q8h, DXR at 2–3 mg/kg PO q12h, sota-
lol at 1–2 mg/kg PO q12h, and amiodarone 5–7.5 mg/
kg PO q24h after the initial loading dose, singly or in

combination. The dogs received rate control treatment
for 1–2 weeks (to ensure drugs reached steady-state)
before reexamination and repeat Holter recording.

The duration of the Holter recordings ranged from
20–26 hours. The median meanHR was 125 bpm
(range, 62–203 bpm) with an IQR of 100–141 bpm. The
median minHR was 82 bpm (range, 37–163 bpm) with
an IQR of 61–96 bpm. The median maxHR was
217 bpm (range, 126–307 bpm) with an IQR of 159–
276 bpm.

Outcome

Twenty-five of 46 dogs (54%) were alive or lost to
follow-up at the end of the study, whereas 21 of 46
(46%) dogs were dead. Of the 21 dogs that were dead
at the end of the study, 4 of 21 suffered sudden death,
11 of 21 had been euthanized because of refractory
CHF, 5 of 21 had been euthanized for noncardiac rea-
sons, and 1 of 21 had been euthanized but the reason
was unclear from the clinical records. The median fol-
low-up time (from the last Holter recording to death or
end of the study) was 98.5 days (range, 3–1,140 days)
with an IQR of 28–267 days. Median time to all-cause
death was 524 days (IQR, 76–1,037 days).

Univariate Cox proportional hazard regression indi-
cated that sex, neutering status, age, weight, cardiac
diagnosis (DCM versus non-DCM), and study site were
not significantly associated with all-cause mortality
(Table 1) or cardiac-related mortality (Table 2). The
presence or absence of CHF at time of diagnosis of AF
was not associated with all-cause mortality. Of the 15
dogs that died from cardiac disease, 14 had CHF at the
time of AF diagnosis. Median time to all-cause death
was 524 days (IQR, 76–1,037 days).

All 3 indices of HR derived from the Holter record-
ings, including minHR, maxHR, and meanHR were
significantly correlated with both all-cause and cardiac-

Table 1. Univariate Cox proportional hazards regres-
sion for all-cause mortality (n = 21).

Variable

Hazard Ratio

(95% Confidence Interval) P Value

Sex (female) 0.84 (0.32–2.22) 0.725

Neuter status (Yes) 1.22 (0.51–2.94) 0.649

Age 1.03 (0.90–1.16) 0.699

Weight 1.00 (0.98–1.02) 0.943

Diagnosis (DCM) 0.78 (0.34–1.84) 0.569

Study site (UPenn) 2.35 (0.64–8.61) 0.196

CHF at diagnosis (Yes) 2.44 (0.81–7.41) 0.113

HR variables

Min HRa 1.30 (1.14–1.49) <0.001
Max HRa 1.25 (1.08–1.44) 0.003

Mean HRa 1.35 (1.17–1.55) <0.001

meanHR, mean heart rate (24-hour average); minHR, minimum

HR (1-minute average); maxHR, maximum HR (1-minute aver-

age); DCM, dilated cardiomyopathy; CHF, congestive heart fail-

ure; UPenn, University of Pennsylvania.
aHazard ratio for every 10 bpm difference.
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related mortality (Tables 1 and 2). The 3 HR indices
were significantly correlated with each other. Minimum
heart rate and maxHR were significantly but modestly
correlated (r = 0.353; P = 0.016). Maximum heart rate
and mean HR were modestly but significantly corre-
lated (r = 0.573, P < 0.0001); min HR and meanHR
were strongly correlated (r = 0.929, P < 0.00001). Thus,
there was a high degree of collinearity among indices of
HR. As such, multivariable models exploring all-cause
mortality that either contained all 3 indices or the com-
bination of minHR and meanHR were unstable. Fol-
lowing standard recommendations regarding entrance
of 1 variable into the multivariable model for approxi-
mately every 10 events,18 we limited the number of
variables analyzed in any given model to 2. Regarding
all-cause mortality, neither study site nor the presence
or absence of CHF was significantly associated with
mortality when analyzed along with each of the HR
indices. Moreover, neither study site nor the presence of
absence of CHF changed the hazard ratio of any of the
HR indices by >5%. Accordingly, 2 potential multivari-
able models describing all-cause mortality were further
explored. Model 1 contained minHR and maxHR, and
model 2 contained meanHR and maxHR. Multivariable
Cox regression of model 1 indicated that both minHR
and maxHR were independently associated with sur-
vival (Table 3). Model 2 indicated that after adjusting
for maxHR, only meanHR was independently associ-
ated with survival (Table 3). The goodness-of-fit
between models was very similar (C statistic: model 1,
0.803; model 2, 0.785), suggesting that the most parsi-
monious model was the univariate model involving
meanHR as the sole predictive index. Thus, for every
10 bpm increase in meanHR, the risk of all-cause mor-
tality increased by 35% (95% CI, 17–55%; Table 1).

Several different multivariable Cox models for cardio-
vascular mortality were explored using body weight and
each index of HR or different combinations of 2 of the

3 HR indices. Body weight was not significantly corre-
lated with cardiovascular survival after adjustment for
HR and its inclusion did not change the hazard ratio of
any of the HR indices by >5%. Results from the 3 dif-
ferent pairings of HR indices (Table 4) indicated that,
after adjustment for maxHR, minHR was correlated
with cardiovascular mortality and, after adjustment for
either maxHR or minHR, meanHR was correlated with
cardiovascular mortality. The model involving minHR
and meanHR (model 3, Table 4) returned hazard ratios
with much wider CI as compared to the univariable val-
ues (Table 2), likely caused by high correlation between
the 2 variables and resulting model instability. These
results suggested that the most parsimonious model was
the univariate model involving meanHR as the sole pre-
dictive index. Thus, for every 10 bpm increase in
meanHR, the risk of cardiovascular mortality increased
by 42% (95% CI, 20–69%; Table 2).

To further explore the effect of meanHR on all-cause
mortality, we compared the Kaplan-Meier survival
curves of dogs in 2 additional ways. Firstly, we divided
the study population into 2 comparative cohorts based
on the group’s median value for meanHR (125 bpm).
Dogs alive or lost to follow-up were right-censored
observations. Median survival time of the dogs with a

Table 2. Univariate Cox proportional hazards regres-
sion for cardiovascular mortality (n = 15) (Cases lost to
follow-up, alive, or dead due to noncardiac disease are
censored).

Variable

Hazard Ratio

(95% Confidence Interval) P Value

Sex (female) 0.79 (0.25–2.53) 0.694

Neuter status (Yes) 1.35 (0.47–3.82) 0.572

Age 1.01 (0.87–1.18) 0.871

Weight 0.97 (0.94–1.00) 0.071

Diagnosis (DCM) 3.05 (0.97–9.60) 0.569

Study site (UPenn) 2.53 (0.51–12.45) 0.254

HR variables

Min HRa 1.34 (1.14–1.56) <0.001
Max HRa 1.33 (1.11–1.58) 0.002

Mean HRa 1.42 (1.20–1.69) <0.001

meanHR, mean heart rate (24-hour average); minHR, minimum

HR (1-minute average); maxHR, maximum HR (1-minute aver-

age); DCM, dilated cardiomyopathy; UPenn, University of Penn-

sylvania.
aHazard ratio for every 10 bpm difference.

Table 3. Multivariate Cox proportional hazards
regression for all-cause mortality.

Variable

Hazard Ratio

(95% Confidence Interval) P Value

Model 1

Min HRa 1.24 (1.08–1.42) 0.002

Max HRa 1.20 (1.00–1.42) 0.044

Model 2

Max HRa 1.11 (0.93–1.35) 0.277

Mean HRa 1.29 (1.09–1.52) 0.003

meanHR, mean heart rate (24-hour average); minHR, minimum

HR (1-minute average); maxHR, maximum HR (1-minute aver-

age).
aHazard ratio for every 10 bpm.

Table 4. Multivariate Cox proportional hazards
regression for cardiovascular mortality.

Variable

Hazard Ratio

(95% Confidence Interval) P Value

Model 1

Min HRa 1.29 (1.09–1.52) 0.003

Max HRa 1.11 (0.92–1.34) 0.277

Model 2

Max HRa 1.19 (0.94–1.50) 0.144

Mean HRa 1.34 (1.10–1.62) 0.003

Model 3

Min HRa 0.71 (0.44–1.14) 0.152

Mean HRa 2.05 (1.19–3.51) 0.009

meanHR, mean heart rate (24-hour average); minHR, minimum

HR (1-minute average); maxHR, maximum HR (1-minute aver-

age).
aHazard ratio for every 10 bpm.
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meanHR of <125 bpm (n = 23; 1,037 days; 95% CI,
524- n/a) was significantly longer as compared to dogs
with a meanHR of ≥125 bpm (n = 23; 105 days; 95%
CI, 67–267 days; P = 0.0012; Fig 1). The assumption of
proportional hazards was met (score test, P = 0.78),
meaning that the survival benefit of lower meanHR was
consistent throughout the entire follow-up time. Sec-
ondly, realizing that at some value, the beneficial effect
of lowered meanHR or minHR must cease to exist, we
explored the hazard ratio of dogs in the lowest tercile
of either meanHR or minHR compared to the higher
stratum. Thus, we stratified the dogs into 3 groups by
meanHR (<112, 112–138, and >138 bpm) and compared
the hazard ratios among them. One-way ANOVA indi-
cated that the hazard ratios in dogs with meanHR
<113, between 112 and 138 and >138 were not statisti-
cally different from each other (P = 0.39). We per-
formed similar analysis using 3 groups of minHR (<69,
69–93, and >93 bpm). One-way ANOVA indicated that
the hazard ratios in dogs with meanHR <69, between
69 and 93 and >93 were not statistically different from
each other (P = 0.47).

Discussion

Atrial fibrillation is a very important clinical condi-
tion in dogs, resulting in substantial morbidity and
mortality.1,4,5 The same has been reported in people,
where the development of AF is associated with a 3-
fold increased risk of CHF and a worse prognosis.19

However, interdependence exists between CHF and AF
where the structural and neurohormonal remodeling
that occur in CHF also make the development of AF
more likely.20

In people, current guidelines recommend a lenient
rate control approach (HR target <110 bpm) as initial
strategy in asymptomatic patients with preserved left
ventricular function,10,21,22 but a more strict rate control

approach (<80 bpm at rest and <110 bpm during mod-
erate exercise) in symptomatic patients with impaired
left ventricular function.10 Many dogs affected by AF
are also in CHF and have some degree of left (or right)
ventricular dysfunction, which may explain why the
dogs included in our study showed significant survival
benefit from a stricter rate control approach.

Rate control, as opposed to rhythm control, is the
first-choice treatment in most dogs with chronic AF
and structural or functional primary cardiac disease,
but there is insufficient evidence to guide HR targets in
dogs. The results of our retrospective study provide
insight into the role of HR in the survival of dogs with
AF. Our results indicate that several different indices of
Holter recording-derived HR are significantly associated
with risk for all-cause or cardiovascular mortality. This
effect was present in dogs over a broad range of HRs,
including those far below what is currently recom-
mended as a “target” or “ideal” rate. Specifically,
exploratory analysis showed benefit of rate reduction in
meanHRs as low as 62 bpm, and dogs with mean
HR < 125 bpm lived significantly longer than those
with faster rates. Historically, veterinarians have tended
to be fairly lenient with rate control, considering the
argument that during AF and concurrent CHF, a rela-
tively higher HR is needed to maintain adequate car-
diac output as compared to dogs in sinus rhythm with
similar underlying disease. The rationale behind this
supposition is that sympathetic activation may be an
appropriate physiological response to maintain hemody-
namic stability, and a lower HR may decrease an
already impaired cardiac output, which then could have
a negative impact on survival.3,4 In contrast, our find-
ings suggest that lower HRs are associated with
decreased mortality even in dogs with CHF. In fact,
within the range of min HR and meanHR represented
in our study population, we did not identify a low
minHR or meanHR at which the HR reduction was no
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Fig 1. Kaplan-Meier estimates of survival based on all-cause mortality in two groups of dogs with AF divided equally based on the med-

ian meanHR of <125 bpm (black line, n = 23) or ≥125 bpm (orange line, n = 23). The group with meanHR < 125 bpm (1,037 days, 95%

CI, 524- n/a) had significantly longer survival time than group with meanHR ≥125 bpm (105 days, 95% CI, 67–267 days).
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longer beneficial (and may be harmful). Despite this, a
lower limit of HR reduction and the “ideal” target HR
likely differs among the different etiologies of AF, and
additional studies are needed.

Previous studies have examined the effect of HR on
survival.3,23,24 It is well established that HR plays an
important role for cardiac function, and it has been
shown in dogs that tachycardia-induced myocardial fail-
ure occurs with pacing > 180 bpm.23,24 A recent study
in dogs with AF caused by DMVD showed that dogs
with an ECG-derived maximum HR >160 bpm had a
shorter survival time than dogs with a HR < 160 bpm.3

Those HRs were acquired by short ECG recording dur-
ing a hospital visit, an environment that typically
increases the HR temporarily in dogs with AF.3 In our
study, when maxHR and meanHR were simultaneously
analyzed, only meanHR was independently associated
with either all-cause or cardiovascular mortality
(Table 3, model 2; Table 4, model 2).

Males (both intact and neutered) were overrepre-
sented (69%) in our patient population with AF, consis-
tent with previous reports of male people and dogs
having a significantly higher prevalence of AF.25–27 One
possible explanation for the sex difference in AF preva-
lence is the overall larger size of male dogs, and thus a
larger atrial mass, a factor known to predispose to
AF.1,28 A previous study in dogs found that spayed
females with AF lived longer than males or intact
females with AF,26 and women with AF have a lower
fatality rate in all age groups as compared to men.27

Unlike in people, where male sex and older age are
important risk factors for AF,29,30 in our study, sex,
neutering status, and age did not impact survival, sug-
gesting that once AF is present, sex and age do not
influence the survival time.

In our study, the underlying cardiac disease (DCM
versus non-DCM) was not associated with survival
time. It is conceivable that once a dog develops AF, the
underlying disease or cause of the arrhythmia is no
longer relevant for outcome.

When people with CHF have severe left ventricular
dysfunction, mortality from the primary disease pro-
cess itself is high and addition of AF as a comorbidity
seems to make little difference in terms of prognosis.31–34

Previous reports in dogs with CHF indicate that devel-
opment of AF is commonly associated with negative
impact on survival and worse prognosis.1,3,4,35 In our
study, however, the presence or absence of CHF did not
independently affect all-cause mortality once HR was
factored in. The effect of CHF or HR on cardiovascular
mortality could not be evaluated independently because,
of the 15 dogs that died from cardiac-related cause, 14
had CHF at the time of AF diagnosis. Although the
presence of CHF was not included in the univariate or
multivariate regression analysis, it appears to promote
cardiac-related death in dogs with AF.

Our study had several limitations, many of which
are inherent to the retrospective design of the study
and selection bias. The antiarrhythmic therapies and
treatment of underlying heart disease or CHF pre-
scribed for these dogs were not standardized. These

were selected according to the attending clinician’s
preference, and the dosages were adjusted as needed
according to what the clinician deemed satisfactory rate
control and could therefore have influenced the out-
come. Once a meanHR considered “acceptable” by the
clinician was achieved, no additional Holter recordings
were performed. Therefore, a loss of effect of these
drugs or the development of other clinically relevant
arrhythmias (eg, ventricular arrhythmias) caused by
progression of the underlying disease could have
impacted survival. The effect of the different antiar-
rhythmic therapies on survival time and on risk of sud-
den death could not be assessed because of the small
number of dogs and nonstandardized management.
Heart rate during exercise, which appears important in
human patients, could not be determined from the
Holter recording data. Furthermore, the Holter record-
ing full disclosure reports were not reviewed in every
case, unless deemed necessary.

Another limitation of our study is that most of the
cardiac-related deaths occurred in dogs with CHF at
the time of diagnosis of AF. Dogs in CHF with sinus
rhythm have higher intrinsic HR,36 and thus CHF
could have contributed to a higher meanHR in our
patients with AF and therefore could have influenced
our results. The number of dogs that died of cardio-
vascular causes was small, and further prospective
studies are needed to provide definitive evidence of a
link between HR or CHF and cardiovascular mortality
and to determine optimal HR targets in that
population.

Conclusion

Indices of HR derived by Holter recording monitor-
ing, and in particular meanHR, were significantly asso-
ciated with survival time in dogs with AF across a wide
range of HR. Holter recording-derived HR data indi-
cate that dogs with meanHR <125 bpm lived longer
than those with faster rates. These findings suggest that
current rate control efforts in dogs with AF should use
a therapeutic target of a Holter recording-derived
meanHR < 125 bpm. The association between HR and
adverse outcome warrants prospective studies investigat-
ing strict rate control strategies.

Footnotes

a LabCorp Ambulatory Monitoring Services, Burlington, NC
b Pathfinder version 9.019, Spacelabs Healthcare
c STATA 14.2, STATA Corp., College Station, TX
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