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Time domain heart rate variability in Boxer dogs with arrhythmogenic
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ABSTRACT: The aim of the present study was to assess heart rate variability (HRV) in Boxer dogs affected by arrhythmogenic right
ventricular cardiomyopathy (ARVC). Fourteen Boxer dogs classified as affected and 28 classified as unaffected were included in a prospective
case-control study. Dogs underwent 24-hour ambulatory ECG and were classified as affected (>1,000 VPCs/24 hours) or unaffected (<20
VPCs/24 hours) by ARVC based on the number of ventricular arrhythmias. HRV was assessed using 24-h Holter ECG monitoring; the studied
parameters were SDNN, SDANN, SDNNIDX, rMSSD and pNN50. Data were submitted to logarithmic transformation and HRV parameters
were compared between groups and correlated according to the disease status, number and severity of ventricular arvhythmias using Student s
t test, linear regression and Spearman’s test. There was no interaction between the HRV parameters and the number and severity of ventricular
arrhythmias. SDNN, o (2.35+0.14 vs. 2.46+0.12, P=0.01), SDNNIDX, (2 18+0.14 vs. 2.24+0.10, P=0.002) and pNN5() (1.47+0.19 vs.
1.64+0.13, P=0.002) were significantly lower in the affected group cnmpared with the unaffected. According to this study, HRVare different
in a population of Boxers dogs affected by ARVC compared to a population of unaffected dogs, and these differences are not consequences of
low cardiac output caused by ventricular arrhythmias since animals that had higher number and complexity of arrhythmias were not those
who had lower values of HRV.

Key words: autonomic nervous system, ventricular arrhythmia, Ambulatory ECG.

Variabilidade da frequéncia cardiaca no dominio do tempo em cies da raca Boxer com
cardiomiopatia arritmogénica do ventriculo direito

RESUMO: O objetivo do presente estudo foi avaliar a variabilidade da frequéncia cardiaca (VFC) em cdes da raga Boxer acometidos
pela cardiomiopatia arritmogénica do ventriculo direito (CAVD). Para isso, foram incluidos, em estudo prospectivo caso-controle, 14
cdes classificados como acometidos pela CAVD e 28 classificados como ndo acometidos. Os caes foram submetidos a eletrocardiografia
ambulatorial de 24 horas e entdo classificados como acometidos (quando apresentaram mais de 1.000 complexos ventriculares prematuros em
24 horas) ou ndo acometidos (quando apresentaram menos de 20 complexos ventriculares prematuros em 24 horas) pela CAVD, com base no
numero de arritmias ventriculares. A VFC foi avaliada mediante monitoramento Holter de 24 horas. Os pardmetros estudados foram SDNN,
SDANN, SDNNIDX, rMSSD e pNNS50. Os dados foram submetidos a transformagao logaritmica e os parametros da VFC foram comparados
e correlacionados de acordo com a presenga ou ndo da doenga, nimero e severidade das arritmias pelo teste t de Student, regressdo linear e
teste de Spearman. Nao houve interagdo entre as variaveis da VFC e o numero e a severidade das arritmias ventriculares. Porém, as variaveis
SDNN,, (2,35+0,14 vs. 2,46+0,12, P=0,01), SDNNIDX,, (2,18+0,14 vs. 2,24+0,10, P=0.002) e pNN50,,, (1,47+0,19 vs. 1,64+0,13, P=0,002)

foram significativamente menores no grupo de animais acometidos pela doeng¢a. De acordo com os resultados do presente estudo, a VFC

é menor nos Boxers acometidos pela CAVD em relagdo aos cdes ndo acometidos, e essa diferenga ndo pode ser atribuida ao baixo débito
cardiaco, supostamente causado pelas arritmias ventriculares, uma vez que os animais que apresentaram maior numero e complexidade das
arritmias ndo foram os que apresentaram os menores valores da VFC.

Palavras-chave: sistema nervoso auténomo, arritmia ventricular, ECG ambulatorial.

INTRODUCTION of ventricular arrhythmias, caused by a series of
ultrastructural changes in cardiomyocytes (MEURS,

Boxer arrhythmogenic right ventricular 2010; OXFORD et al.,, 2011). In 2004 ARVC was
cardiomyopathy (ARVC) is inherited as an autosomal described as a spontancous animal model for the disease
dominant disease with incomplete penetrance that observed in human patients, with very similar clinical

: can lead to syncope or sudden death as a consequence and pathological characteristics (BASSO et al., 2004).
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Since the observation that
catecholamines favor the development of
ventricular arrhythmias and these arrhythmias
could be suppressed by beta-adrenergic blockers
(WICHTER et al., 1992), the sympathetic nervous
system has been reported to play an important
role in the genesis of ventricular arrhythmias in
patients with ARVC (WICHTER et al., 2000).

A well-recognized method for evaluating
the imbalance in the sympathetic and parasympathetic
nervous system is heart rate variability (HRV),
defined as the temporal variation between sequences
of consecutive heartbeats (TASK FORCE OF THE
EUROPEAN SOCIETY OF CARDIOLOGY AND
THE NORTH AMERICAN SOCIETY OF PACING
AND ELECTROPHYSIOLOGY, 1996). A reduction
in HRV has been reported in several cardiological
and noncardiological diseases, both in humans and
animals, (MALIK et al., 2000; KUDAT et al., 2006;
OLIVEIRA et al., 2012). Studies in humans with
ARVC identified that affected patients with lower
HRYV parameters are more prone to arrthythmic events
(BATTIPAGLIA et al., 2012).

ARVC has been widely investigated
in Boxer dogs (BASSO et al., 2004; SPIER &
MEURS, 2004; MEURS et al., 2010, KAYE et
al., 2015), however, little information is available
regarding the autonomic status in affected animals
(SPIER & MEURS, 2004). In view of this fact,
we hypothesized that dogs with ARVC suffer
from autonomic dysfunction that is reflected as a
reduction in HRV parameters. Thus, the aim of the
present study was to evaluate whether Boxer dogs
affected by ARVC exhibit changes in HRV reflecting
abnormalities in autonomic modulation compared
with unaffected Boxers.

MATERIALS AND METHODS

Patient selection criteria

Client-owned purebred Boxer dogs aged 4
years and older were recruited from local pet owners,
university students and veterinary teaching hospital
employees for a prospective study. Besides 24-hours
Holter monitoring, dogs were evaluated by physical
examination, 10-lead electrocardiography and
2-dimensional echocardiography. Exclusion criteria
included any alteration in the physical exam other
than syncope, such as congenital heart disease, valve
insufficiency, systolic dysfunction (considered when
fractional shortening <20%) or increased cardiac
dimensions during the echocardiographic evaluation
and bradyarrhythmias at the electrocardiographic

evaluation. Dogs receiving antiarrhythmic drugs
were also excluded.

Holter monitoring

Twenty-four-hour ECGs were obtained
with a 4-lead, 3-channel electrode system and
acquired with a digital recorder®. The area of
electrode placement was prepared by shaving and
cleaning the skin with alcohol. Leads were arranged
to approximate the frontal leads I, II, and III (SPIER
& MEURS, 2004). A bandage and a specially
designed vest were used to secure the Holter recorder
and leads to the dog.

During the period of monitoring, dogs were
maintained individually in a kennel in the veterinary
hospital with water ad libitum and food according
to owners’ recommendation. Recordings were
initially processed and analyzed automatically by a
commercially available software® and then manually
reviewed for arrhythmias and artefacts and checked
for proper classification of every QRS complexes by
a veterinary cardiologist (E.Z.). Were included only
those recordings with >23 hours and <3% of artifacts.

Study groups

Patients were distributed into 2 groups
according to their frequency of ventricular premature
complexes (VPCs) as observed during 24-hour ECG.
Animals that exhibited less than 20 VPCs/24 hours
were included in the unaffected group. Those animals
that exhibited over 1,000 VPCs/24 hours were
classified as affected by ARVC and included in the
affected group. Dogs with more than 20 and less than
1,000 VPCs were not included in the study.

According to the complexity of the
ventricular arrhythmia, dogs were also distributed
into three different subgroups. Animals with only
single VPCs were allocated in subgroup A. Dogs
with couplets as the most complex ventricular pattern
were allocated in subgroup B. Dogs with non-
sustained ventricular tachycardia as the most complex
ventricular pattern were allocated in subgroup C.

Time domain heart rate variability

After careful revision of the recording,
time domain HRV was analyzed using a commercially
available software® designed for people. The automatic
HRV analysis excluded complexes of ventricular
and supraventricular (supraventricular premature
complexes and supraventricular tachycardia) origin
and included only intervals between adjacent normal
QRS complexes (NN-intervals) of sinus origin.
Time domain variables included standard deviation
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of all RR intervals (SDNN), standard deviation of
the average RR intervals calculated over a period
of 5 minutes (SDANN), the mean of the 5 minutes
standard deviation of the RR intervals calculated
over 24 hours (SDNNIDX), the square root of the
mean squared differences of successive RR intervals
(rtMSSD) and the percentage of RR intervals differing
>50 ms from the preceding interval (pNN50).

Statistical analyses

Initially, data were submitted to Cramer-
von Mises normality test and checked for outliers.
Variables were summarized as the mean + SD when
Gaussian distribution was assumed or median and
range when not normally distributed. Student’s
t test was used to compare the mean value of each
time domain variable among the affected and
unaffected groups as well as age between groups.
Time domain heart rate variability variables were
submitted to logarithmic transformation, to ensure
normal distribution and equal variances for Student’s
t test analysis. Linear regression and Spearman’s
correlation were used to evaluate the relationship
between HRV parameters and complexity and the
number of ventricular arrhythmias within the affected
group. Significance was defined as P<0.05.

RESULTS

Initially, 57 animals were recruited. Of
these, 5 were excluded due to chronic mitral valve
insufficiency, 3 due to less than 23 hours of Holter
recording, 2 for 2nd degree atrioventricular block and
5 due to total count of VPCs between 20 and 1000.
Thus, forty-two dogs were included in the study. The
group of animals classified as affected consisted of
14 dogs, 6 males and 8 females. The group of animals
classified as unaffected comprised 28 dogs, 7 males
and 21 females. The group of affected animals aged
6 to 12 years (mean age, 9 years) and the group of
unaffected dogs aged between 4 and 11 years (mean
age, 7 years) (P=0.007).

At 24-hour Holter evaluation, animals
from the affected group exhibited between 1,004
and 36,445 VPCs/24-hours. One animal (7.14%)
exhibited only isolated VPCs (subgroup A), 6 animals
(42.85%) exhibited couplets (subgroup B) and 7
animals (50%) exhibited non-sustained ventricular
tachycardia (subgroup C) as the most complex
pattern of arrhythmia. Animals in the affected group
exhibited between 0 and 20 isolated VPCs/24-hour.

Descriptive data for HRV parameters are
presented in table 1 and depicted in figure 1. Results

of Student’s t test indicated a significant decrease
in SDNNlOg, SDNNIDXIOg and PNN50, in the
affected group. There was no significant correlation
between the subgroups according to complexity of
ventricular arrhythmia and each parameter of HRV.
Correlation coefficients for the linear regression
between subgroups of ventricular arrhythmia
complexity and SDNN, SDANN, SDNNIDX,
rMSSD and pNN50 were r’<0.01 and P=0.99;
r’<0.01 and P=0.86; r’<0.01 and P=0.85; r>=0.03
and P=0.53; and r’<0.01 and P=0.92, respectively.
Spearman’s correlation coefficient between the
number of ventricular arrhythmias and the HRV
parameters were as follows: SDNN, Spearman
r=0.29 and P=0.33; SDANN, Spearman r=0.008 and
P=0.97; SDNNIDX, Spearman r=0.23 and P=0.40;
rMSSD, Spearman r=-0.09 and P=0.73; and pNNS50,
Spearman r=0.07 and P=0.80.

DISCUSSION

According to the results obtained in
the present study, animals affected by ARVC
can exhibit autonomic imbalance, reflected
by decreased SDNN, SDNNIDX and pNNS50
compared with unaffected Boxers.

Among the methods available to assess
the status of the autonomic nervous system, HRV
has emerged as a simple and noninvasive method
to assess the sympathovagal activity at sinoatrial
level (TASK FORCE OF THE EUROPEAN
SOCIETY OF CARDIOLOGY AND THE NORTH
AMERICAN SOCIETY OF PACING AND
ELECTROPHYSIOLOGY, 1996). HRV parameters
derived from the difference between consecutives
RR intervals (pNN50 and rMSSD) predominantly
reflect vagal action. Variables derived from the direct
measurement of RR intervals (SDNN and SDANN
SDNNIDX) are global indices of HRV and reflect
long-term components, circadian rhythm, physical
activity and postural changes (SZTAJZEL, 2004).
Thus, it can be assumed that the decrease in HRV
exhibited by the ARVC dogs may reflect a reduction
in vagal tone and/or a predominance of sympathetic
influences on the heart, conditions known to be
arrhythmogenic (ZIPES & WELLENS 1998).

The involvement of the sympathetic
nervous system in ARVC was first suggested when
it was observed that catecholamines favored the
development of ventricular arrhythmias that could be
suppressed by beta adrenergic blockers (WICHTER et
al., 1992). Subsequently, experiments demonstrating
the decrease of catecholamine uptake in the synaptic

Ciéncia Rural, v.47, n.5, 2017.
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Table 1 - Assessment of heart rate variability (mean + SD) in ARVC-affected (>1,000 VPCs/24 hour; n=14) and unaffected (<20

VPCs/24-hour; n=28) Boxer dogs.

POy

co.

Affected.

mean = SD range

Number of subjects 14
Logarithmic transformed data

SDNN;, 235+0.14 2.09 - 2.56
SDANN;,, 2.18+0.14 1.91-2.43
SDNNIDX o 2.18+0.18 1.89-2.50
rMSSDqe 1.99+0.28 1.15-2.32
PNN50,6, 1.47+0.19 1.22-1.80
Untransformed data Median range
SDNN (ms) 228 122 - 360
SDANN (ms) 153 81-271
SDNNIDX (ms) 146 78 -314
rMSSD (ms) 110 14-210
PNNS50 (%) 24 16— 63

---------------- Unaffected----------------
mean + SD range p-value
28
2.46+0.12 2.16-2.76 0.01
2.24+0.10 2.00-2.43 0.12
2.34+0.16 2.00-2.73 0.006
2.03+0.17 1.62 -2.35 0.56
1.64+0.13 1.44 -1.87 0.002
Median range

279 143 - 579

182 101 - 271

212 100 — 533

110 42-222

43 27174

SDNN: standard deviation of all normal RR intervals in the entire Holter recording; SDANN: standard deviation of the average normal
RR intervals for all 5-min segments of the Holter recording; SDNNIDX: mean of the standard deviations of all normal RR intervals for
all 5-min segments of the Holter monitoring; tMSSD: the square root of the mean of the squared differences between adjacent normal
RR intervals over the entire Holter monitoring; pNNS50: percentage of differences between adjacent normal RR intervals that are >50 ms
computed over the entire Holter monitoring; p-value: significance level of Student’s t-test.

cleft confirmed the presence of abnormalities in
cardiac sympathetic innervation in this disease
(WICHTER et al., 1994; WICHTER et al., 2000).
More recently, in studies assessing HRV in humans
with ARVC, the authors observed a decrease in HRV
parameters in patients who experienced arrhythmic
events (BATTIPAGLIA et al., 2012).

The precise reason why patients with ARVC
exhibit sympathetic abnormalities and consequently
exhibit reduced HRV remains speculative. Among the
potential mechanisms responsible for abnormalities
in cardiac sympathetic innervation and reduced HRV,
such changes may be due to the following: myocardial
degeneration and fibrofatty infiltration beginning
in the subepicardium and damaging sympathetic
nervous fibers located on the same site (WICHTER
et al, 1994); increased sympathetic activity
secondary to the increased release of catecholamines
in the synaptic cleft and/or increased myocardial
sensitivity to catecholamines (WICHTER et al.,
2000); or ventricular dysfunction with hemodynamic
impairment (FAUCHIERAND et al., 1997). Although
it was not the aim of this study to identify the reason
for the decrease in HRV in patients affected by ARVC,
the theory that the sympathetic nervous system may
have been activated to compensate for a low cardiac
output, resulted from the high number of arrhythmias

or systolic dysfunction, does not seem appropriate
because no animal with contractile dysfunction was
introduced in the study and no correlation between
HRV parameters and the number and severity of
ventricular arrhythmias were observed.

Although the present study suggests
autonomic dysfunction in animals with ARVC,
similar that which occurs in human patients, our
study is inconsistent with the only other study to
assess HRV in Boxers dogs with ARVC. In 2004,
SPIER & MEURS measured HRV in Boxers with
ARVC (>1,000 VPCs/24-hour and normal ventricular
size and function) and in Boxers with congestive
heart failure (CHF) and only observed a reduction in
HRYV parameters in animals with CHF. However, the
authors did not rule out the possibility of involvement
of the autonomic nervous system in the genesis
of ventricular arrhythmias and attributed the non-
reduction of HRV parameters simply to the lack of
persistently high sympathetic tone (SPIER & MEURS,
2004). Unlike the study cited above, in our study, the
animals were kept in the hospital environment, away
from their owners and in contact with other dogs. This
environment may have functioned as a “stress test”,
leading to a persistent state of sympathetic activation
in dogs with some degree of autonomic dysfunction,
1.e., the ARV C-affected animals.

Ciéncia Rural, v.47, n.5, 2017.
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Figure 1 - Untransformed values of heart rate variability parameters among ARVC affected (>1,000 VPCs/24
hour; n=14) and unaffected (< 20 VPCs/24-hour; n=28) Boxer dogs. SDNN: standard deviation of
all normal RR intervals in the entire Holter recording; SDANN: standard deviation of the average
normal RR intervals for all 5-min segments of the Holter recording; SDNNIDX: mean of the
standard deviations of all normal RR intervals for all 5-min segments of the Holter monitoring;
rMSSD: the square root of the mean of the squared differences between adjacent normal RR
intervals over the entire Holter monitoring; pNN50: percentage of differences between adjacent
normal RR intervals that are >50 ms computed over the entire Holter monitoring.

According to previous study that assessed
HRYV in dogs with myxomatous mitral valve disease,
the parameters of HRV SDNN and pNNS50 of healthy
dogs had average values of 287 ms and 62.14%,
respectively (OLIVEIRA et al., 2012). Thus, one can
note observing figure 1 that a significant number of
animals, of both groups, showed relatively low values
of HRV parameters compared to healthy dogs of that
study, which indicates that the environment where
they were subjected to examination was indeed
stressful. Despite the relatively low levels of HRV
in both groups, only animals classified as affected
showed extremely low values on certain parameters.

A major limitation of the study described
here was the method of diagnosis of ARVC. Despite
the observation of cardiac chamber enlargement
and systolic dysfunction, which could suggest the

presence of dilated cardiomyopathy, the dogs did
not undergo genetic evaluation or any identification
of myocardial fibrofatty infiltration for confirmation
of the disease; thus, the number of ventricular
arrhythmias in 24 hours was the only diagnostic
criterion used. Careful observation of figure 1 and
the results of pNN50 demonstrates that among
the affected animals, a portion exhibited very
low values not displayed by animals in the other
group, and another portion exhibited higher values,
suggesting that animals with higher values have
ventricular arrhythmias caused by abnormalities
other than ARVC or simply that the involvement of
the sympathetic nervous system is less severe due
to different genetic backgrounds. Despite have been
identified reduction of HRV in dogs affected by
CAVD, such analysis does not seem to be promising

Ciéncia Rural, v.47, n.5, 2017.
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as a diagnostic tool due to the large overlap of data
between affected and unaffected Boxer dogs.

CONCLUSION

In this study, our results demonstrated
that Boxer dogs affected by CAVD have autonomic
changes reflected by reduction of HRV parameters,
and this reduction is not a consequence of the number
or severity of ventricular arrthythmias.

SOURCES AND MANUFACTURES

# - Cardioflash® digital — Cardios Sistemas — Sao Paulo, Brazil.
b CardioSmart 540 ® — Cardios Sistemas — Sdo Paulo, Brazil.
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