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Abstract
Heart rate variability (HRV) reflects the balance of the autonomic nervous system (ANS). There are two key HRV parameters: 
high frequency (HF), which is correlated with the parasympathetic nervous system, and low frequency (LF) which is correlated 
with sympathetic and vagal activity. In veterinary medicine HRV has proven to be an important tool for evaluation of cardiovas-
cular events in patients and has provided useful clinical information in about different physiological systems. Changes in HRV 
are influenced by several physiological systems.  HRV reflects the state of both the heart and the brain. For that reason, HRV 
is considered a surrogate parameter of the complex interaction between the brain and the cardiovascular system. Studies of the 
autonomic control of kidney disease, endocrinology disorders, respiratory disorders, and immunological disorders commonly 
include HRV.  Additionally, HRV has shown an autonomic modulation effect following clinical treatment, indicating HRV is po-
tentially more than just an indicator to identify disturbances of the ANS.  Sympathetic activation is a poor prognostic predictor. 
On the other hand, parasympathetic activation is a good prognostic indicator in various conditions. HRV has become a signifi-
cant predictor and a popular noninvasive tool as it is easy to perform.  In conclusion, HRV measurement can be an essential tool 
for both scientific and clinical understanding.      
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INTRODUCTION	

	 Heart rate variability (HRV) refers to variation in the beat-to-beat timing 
of heart rate (HR) or rhythmic variation between consecutive heartbeats (Bill-
man, 2011).  HRV can be used to assess activities of the autonomic nervous sys-
tem (ANS) in investigations of the balance between parasympathetic and sympa-
thetic function (Zanesco, 2016). Understanding the status of ANS provides good 
prognostic information for several diseases (Acharya et al., 2006). The present 
study reviewed various aspects of HRV, i.e., the association of HRV and the au-
tonomic nervous system with health conditions, the parameters of HRV and the 
clinical usefulness of HRV in human and veterinary practice.

PHYSIOLOGICAL BACKGROUND

	 The physiological phenomenon of HRV is defined as oscillation be-
tween adjacent heartbeat intervals on an ECG.  The modulation of the heart 
shows variations of heart rhythm which reflects interaction between the 
sinoatrial node and the autonomic tone.  The input of the sinoatrial node is 
most affected by fluctuations in the parasympathetic (PNS) and sympathetic 
nervous system (SNS) leading to beat-to-beat variation of heart rate (Malliani 
et al., 1991). Other afferent inputs include sensory receptors and baroreceptors 
within the heart and great vessels, respiratory change, vasomotor regulation, 
the thermoregulatory system, alterations in endocrine function influence on the 
heart (Stein et al., 1994), actions of the renin-angiotensin system, and circadian 
rhythms (Stein et al., 1994).
	 Autonomic activities affecting heart variation can be approached by 
several methods.  HRV has been considered to be a variation which allows es-
timation of cardiac autonomic modulation (Anaruma et al., 2016).  The signal 
of HRV is usually obtained from continuous ECG monitoring (Holter monitor-
ing) which records the interval between adjacent normal QRS complex.  ECG 
data can be evaluated automatically by computer and provides analyses in the 
time domain and frequency domain parameters.

THE INFLUENCES OF HEART RATE VARIABILITY

Respiratory and heart rate variability
	 HRV is influenced by the respiratory cycle known as respiratory sinus 
arrhythmia (RSA).  RSA is a heart rate pattern that rises during inspiration and 
falls during expiration.  Negative thoracic pressure during inspiration causes a 
reduction in vagal tone and an increase in heart rate.  During expiration, posi-
tive thoracic pressure causes an increase in vagal tone and decreases heart rate. 
RSA has been used as an index of cardiac vagal function (Billman, 2011). The 
fluctuation of blood pressure due to changes in intrathoracic pressure during 
the respiratory cycle is the most important mechanism of RSA (Roque et al., 
2014).  An experimental animal study demonstrated that the efficacy of gas 
exchange in alveoli was improved during RSA. (Hayano et al., 1996). 
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	 RSA is usually interpreted as a vagal activity which is highly depend-
ent on the vagal tone in the heart.  The respiratory drive  is also influenced by 
oscillatory patterns in both vagal and sympathetic outflows (Eckberg, 2003).  
The major RSA observation in HRV measurement is the vagal influence known 
as the vasovagal tonus index (VVTI) (Doxey and Boswood, 2004).  VVTI is a 
time domain analysis of HRV which is calculated from variations of R-R inter-
val in natural logarithm (Haggstrom et al.,1996).

Baroreflex and heart rate variability
	 Baroreceptors in the aortic arch and carotid sheath detect stretching 
of the vessels that cause a changing of heart rate.  If blood pressure falls, the 
heart rate will increase (Lehrer and Gevirtz, 2014).  The nucleus of the tractus 
solitarius (NTS) is the main afferent fiber from the arterial baroreceptors when 
the NTS is activated. It has an effect on sympathetic and parasympathetic fiber 
modulation.  In humans, HRV has been clinically documented in arterial baro-
reflex dysfunction to be a predictor of a greater risk of mortality, cardiovascular 
events and death from myocardial infarction, heart failure, particularly in dia-
betic patients (Parati et al., 2001).

HEART RATE VARIABILITY PARAMETERS
  
	 The two most commonly used HRV parameters are the time domain 
and the frequency domain.

Time domain analysis   
	 The time domain is calculated from the interval between normal beats 
of a continuous ECG recording.  With humans, normally in time domain anal-
ysis the ECG should cover a continuous 24 hour period, but with dogs it is 
difficult to obtain good quality continuous ECG recordings for that length of 
time.  For that reason, a 2-hour HRV or short-term record is used rather than 
the conventional 24 hour period (Bogucki and Noszczyk-Nowak, 2015).  The 
statistical parameters of the time domain consist of SDNN, SENN, SDSD, 
RMSSD, NN50 (%), and pNN50%.  Table 1 shows the proposed reference 
values for analysis of time domain parameters.  rMSSD and pNN50 correlate 
with HF in the frequency domain and illustrate parasympathetic activity.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

198

Frequency domain analysis
	 The time domain methods are computationally simple but lack the abil-
ity to discriminate between sympathetic and parasympathetic contributions to 
HRV (Rajendra et al., 2006).  Frequency domain techniques are more complex 
in terms of technical requirements, but provide more physiological informa-
tion (Anaruma et al., 2016).  The variable parameters of the frequency domain 
consist of TP, ULF, VLF, LF, HF, LFnu, HFnu, and LF/HF (Table 2).  The power 
spectrum is a frequency band ranging from 0 to 0.5 Hz and can be classified 
into four bands: ULF, VLF, LF, and HF (Billman, 2011).  The ULF and VLF are 
influenced by more long-term regulatory mechanisms, e.g., thermoregulation, 
renin-angiotensin system activity and physical activity (Serrador et al., 1999). 
The HF component is generally defined as a marker of vagal modulation (Cal-
vert, 1998).  HF is influenced by the sinoatrial node which responds to the 
parasympathetic and is influenced by respiration (Rasmussen et al., 2012). This 
component, respiratory mediation, is determined by the frequency of breathing 
(Sztajzel, 2004).  The LF component is modulated by both the sympathetic and 
parasympathetic nervous systems (Calvert, 1998) and reflects the  activities of 
both systems (Strauss-Blasche et al., 2000).  In practical terms, an increment in 
the LF component (stress, sympathomimetic pharmacologic agents) has been 
generally considered to be a consequence of sympathetic activity (Billman, 
2011).  Consequently the LF/HF ratio reflects the global sympathovagal balance 
(Billman, 2013)

Table 1 Time domain parameters of HRV for short term (60-min) records in healthy dogs (Bogucki and 
Noszczyk-Nowak, 2015).

Variable Units Statistical measurements
Range

(mean ± 95% 
confidence interval)

SDNN ms Standard deviation of all R-R intervals 180-238

SDANN ms
Standard deviation of the average normal R-R intervals 
calculated over short time periods (usually 5 minutes) of 
the entire 24 hours recording

60-82

rMSSD ms The square root of the mean difference between adjacent 
normal R-R intervals 214-305

SDNN index ms
Mean of the standard deviation of the normal R-R 
intervals calculated over a short period (usually 5 
minutes) of the entire 24 hours recording

162-220

NN50 The number of pairs of adjacent normal R-R intervals that 
differ by more than 50 milliseconds 630-725

pNN50 % NN50 divided by the total number of normal R-R inter-
vals x 100 66-77
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	 The most widely applicable index of the time and frequency domains is 
based on assessment of the modulating factors as shown in Table 3. That wide-
ly used index reflects the vagal modulation, whereas the component reflects an 
interaction between sympathetic and parasympathetic (Kleiger et al., 2005).

Table 2 Frequency domain parameters for short term (60-min) Holter monitoring in healthy dogs (Bogucki 
and Noszczyk-Nowak, 2015).

Table 3 Relationship between frequency domain and time domain and their modulation (Buranakarl, 2017).

Variable Units Statistical measurements Frequency range
Range 

(mean ± 95% 
confidence interval)

TP ms2 Area under the entire power spectral 
curve (≤0.4),variance of all normal 
R-R intervals

(≤0.4) 9,600-12,500

ULF ms2 Ultra low frequency power (≤0.003 Hz) Data not available

VLF ms2 Very low frequency power (0.003-0.04 Hz) 860-1,100

LF ms2 Low frequency power (0.04-0.15 Hz) 1,220-1,782

HF ms2 High frequency power (0.15-0.40 Hz) 4,735-6,950

LFnu nu Normalized low frequency power (LF/LF+HF) Data not available

HFnu nu Normalized high frequency power (HF/LF+HF) Data not available

LF/HF Ratio of the low-to high frequency 
power

ND 0.24-0.33

Frequency Domain Modulating factors Time Domain

TP Total HRV Data not available

ULF Circadian HRV Data not available

VLF Vagal activity Data not available

LF Parasympathetic SDNN SDNN index SDANN

HF Sympathetic Baroreceptor pNN50 rMSSD

LF/HF Vagal tone Data not available

LFnu Sympathetic/Parasymathetic balance Data not available

HFnu Sympathetic Data not available

HFnu Parasympathetic Data not available
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HEART RATE VARIABILITY AND CLINICAL 
APPLICATION 
	
	 HRV is a useful marker of autonomic homeostasis, known as the balance 
of the sympathetic and parasympathetic nervous systems (Lehrer and Gevirtz, 
2014).  Autonomic imbalance has been found not only in cases of cardiovas-
cular disease but also in non-cardiovascular diseases (Montano, 2009).  In ad-
dition, previous studies have demonstrated that the cardiac autonomic nervous 
system is related to many parameters of HRV (Bogucki and Noszczyk-Nowak, 
2015).    
	 In humans, HRV has been accepted for clinical use and has been 
demonstrated to be an early detection tool in cardiovascular disease patients 
(Billman, 2011; Thayer et al., 2010). Previous studies in humans have found 
that HRV impairment could be found prior to the appearance of coronary artery 
disease with arrhythmia (Bigger et al., 1992; Bigger et al., 1995; Shi, 2019).  
Consistent with previous studies, HRV impairment can be used as a diagnos-
tic tool for acute myocardial infraction (Huikuri, 2012).  Interestingly, HRV 
impairment can also be found in many non-cardiovascular diseases in human 
such as chronic kidney disease (Ferrario et al., 2014), cystic fibrosis in children 
(Florencio et al., 2013) and liver diseases (Ates et al., 2006). 
	 In veterinary medicine, HRV is used more often in research studies than 
in clinical practice; analysis of HRV is an interesting tool for the researchers 
and cardiologists in the veterinary field (Frick et al., 2019).  Not only is HRV 
related with cardiac autonomic regulation in animals, but this technique is also 
non-invasive and easy to perform.  The HRV parameter is a practical and sen-
sitive tool (Jarkovska et al., 2017).  Reports include detailed studies of HRV 
in clinical application, in myxomatous mitral valve degeneration dogs, in heart 
failure dogs and the clinical use of HRV for treatment monitoring.

Heart rate variability in veterinary clinical applications     
	 Several studies have used HRV for evaluating cardiac autonomic func-
tion in animals (Bogucki and Noszczyk-Nowak, 2015; Doxey and Boswood, 
2004; Duerr et al., 2007; Manzo et al., 2009). A previous study found that HRV 
in dogs and calves was similar to human HRV and that it could be used as a 
model for the study of humans (Manzo, 2009). However, in veterinary medi-
cine there are several factors that can affect the parameter of HRV, e.g., differ-
ences in species, breed, age, emotional and physiological activity (Haddad et 
al., 1987; Katayama et al., 2016; Manzo et al., 2009; Rasmussen et al., 2011).  
There have been few studies comparing HRV between species, although one 
study found no difference in HRV among dogs, calves and humans (Manzo, 
2009).  In addition, studies of differences among dog breeds have demonstrat-
ed that facial conformation in brachycephalic breeds can induce a greater de-
crease of HRV than in other dogs breeds (Doxey and Boswood, 2004), while 
age, sex and body weight were found to have no association with HRV in Cav-
alier King Charles Spaniels (Rasmussen et al., 2011).  Previous studies have 
also reported that negative emotional stimulation such as stress can decrease 
HRV or induce HRV impairment (Katayama et al., 2016; Zupan et al., 2016). 
A study in healthy cats in a stressful environment were also found to have 
HRV impairment (Abbott, 2005). Differences in physiological activity, e.g., the 
milking process in cows, can also cause variation in HRV (Kovacs et al., 2019) 
(Table 4).
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Heart rate variability in myxomatous mitral valve degeneration 
dogs      
	 Myxomatous mitral valve degeneration (MMVD) is the most common 
acquired heart disease in small dog breeds (Meurs et al., 2019).  MMVD is clas-
sified by the American College of Veterinary International Medicine (ACVIM) 
in 4 basic stages according to the incidence of pathology and pathogenesis 
(Keene et al., 2019).  In addition, HRV impairment has a positive correlation 
with the severity of MMVD (Rasmussen et al., 2012).  Vasovagal tonus index 
(VVTI) is one of the parameters in time domain analysis of HRV (Doxey and 
Boswood, 2004).  Decreased VVTI could indicated a sympathovagal imbalance 
(Doxey and Boswood, 2004; Haggstrom et al., 1996).  VVTI is also an accurate 
prognostic parameter for evaluating the severity of heart failure (Pereira et al., 
2008).  Moreover, previous studies have used VVTI for detection of the severity 
of MMVD (Haggstrom et al., 1996) and have also found that decreased VVTI 
is related to an increased mortality rate in MMVD dogs (Lopez-Alvarez et al., 
2014).  Other studies of VVTI found decreased VVTI in CHF dogs (Doxey 
and Boswood, 2004) and DCM dogs (Pereira et al., 2008), whereas a previous 
study reported that VVTI measurement is not affected by the physical exami-
nation in dogs with heart disease ( Moonarmart et al., 2012).  Previous studies 
have also found that MMVD can exhibit impairment of both the time domain 
and frequency domain of HRV (Bogucki and Noszczyk-Nowak, 2017; Pirintr 
et al., 2017; Rasmussen et al., 2014).  Previous time domain HRV studies have 
demonstrated that MMVD dogs can exhibit decreased SDNN, SDANN, SAN-
NI, pNN50 and rMSSD (Chompoosan et al., 2014; Oliveira et al., 2012; Pirintr 
et al., 2017).  Previous frequency domain HRV studies have demonstrated that 
MMVD dogs can exhibit increased LFn and LF/HF (Rasmussen et al., 2014; 
Pirintr et al., 2017).  Thus, HRV impairment could be used as an indicator of 
cardiac autonomic imbalance and could also be used as a prognostic tool for 
MMVD dogs (Table 5).
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The relationship between heart rate variability and heart         
failure in dogs          
	 Congestive heart failure (CHF) is a condition that is demonstrated by 
cardiac dysfunction and/or abnormal cardiac structure (Schober et al., 2010).  
CHF is also related to left ventricular dysfunction (Wang et al., 2009).  A pre-
vious study found that the adaptive contraction force of the left ventricular 
increases continuously from cardiac preload, known as the Frank-Starling 
mechanism (Komamura et al., 1993); too much preload can induce cardiac 
dysfunction, both systolic and diastolic (Wang et al., 2009).  Studies have also 
found that CHF is the most common problem followed by MMVD (Bogucki 
and Noszczyk-Nowak, 2017; Oliveira et al., 2012) and DCM (Pereira et al., 
2008).  Interestingly, previous studies of different breeds of healthy and CHF 
dogs have found that CHF dogs show significant HRV impairment as indicat-
ed by decreased VVTI (Doxey and Boswood, 2004).  In addition, a study of 
Boxers with CHF demonstrated that CHF can induce time domain HRV im-
pairment as indicated by decreased mean NN, SDNN, ASDNN, and SDANN 
(Spier and Meurs, 2004).  This is consistent with a study of CHF dogs which 
demonstrated that CHF can result in HRV impairment in the frequency domain 
caused by decreased TP, LF and LF/HF ratio (Piccirillo et al., 2009).  In addi-
tion, a study in MI dogs which monitored time domain HRV for 30-minutes 
demonstrated that MI could induce a decrease in SDNN, mean RR interval, 
and the coefficient of variance (standard deviation/RR interval) (Hull et al., 
1990).  Thus CHF is related to HRV impairment in both the time and the fre-
quency domains and can be used as a tool to classify the severity of CHF as 
well as for early detection or prediction of CHF in dogs (Table 6).
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Clinical use of heart rate variability for treatment monitoring                 
	 HRV can be used not only to monitor the balance of the autonomic 
nervous system but also as a diagnostic tool to evaluate disease progression in 
cardiac diseases such as MMVD and DCM  (Bogucki and Noszczyk-Nowak, 
2017; Lopez-Alvarez et al., 2014; Pereira et al., 2008; Rasmussen et al., 2014).  
Additionally, it has been used in diabetes mellitus (DM) (Pirintr et al., 2012), 
the post-operative period (Pastarapatee et al., 2017), acupuncture treatment 
(Maccariello et al., 2018), rehabilitation programs (Frick et al., 2019; Munoz 
et al., 2019) and with infectious diseases (Gianfranchesco Filippi et al., 2019; 
Jarkovska et al., 2017).  
	 A study of poorly controlled DM dogs demonstrated that DM dogs with 
autonomic neuropathy impairment showed decreased NNA and SDNN (Pirintr 
et al., 2012).  HRV can be used as a tool for monitoring imbalance of the auto-
nomic nervous system during the post-operative period of splenectomy patients 
(Pastarapatee et al., 2017).  A previous study demonstrated that acupuncture 
can improve HRV by increasing HF, decreasing LF and decreasing the LF/HF 
ratio (Maccariello et al., 2018).  Another study in athlete horses demonstrated 
that HRV can be used as a tool in a rehabilitation program to monitor recovery 
from a hypoxic condition which could induce increased SDNN, RMSSD and 
LF after 3 days of a hypoxic condition (Munoz et al., 2019).  This is consistent 
with a study by Frick and colleague which compared healthy horses and horses 
with arrhythmias using a high-speed treadmill standardized exercise test. That 
study found that horses with arrhythmias had a greater decrease in RMSSD 
during the recovery phase compared to healthy horses and that the treadmill 
test could be helpful for monitoring and evaluating the risk of an arrhythmic 
event in healthy horses (Frick et al., 2019).  
	 HRV has also been used for monitoring infectious diseases. A previous 
study demonstrated that peritonitis pigs exhibit HRV impairment as indicated 
by increased LF and decreased SDNN, SDSD, pNN50% and HF (Jarkovska 
et al., 2017).  Additionally, a study in dogs demonstrated that ehrlichiosis can 
induce HRV impairment by increasing both the LF/HF ratio and LF power 
(Gianfranchesco Filippi et al., 2019) (Table 7). 



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

212

Ta
bl

e 
7 

C
lin

ic
al

 u
se

s o
f H

RV
 fo

r t
re

at
m

en
t m

on
ito

rin
g

M
od

el
/B

re
ed

M
et

ho
d

H
R

V
 p

ar
am

et
er

 fi
nd

in
g

In
te

rp
re

ta
tio

n
R

ef
er

en
ce

H
ea

lth
y 

no
n-

di
ab

et
ic

 
do

gs
 (n

=1
3)

H
ea

lth
y 

di
ab

et
ic

 d
og

s 
(n

=2
2)

   
- w

el
l c

on
tro

lle
d 

D
M

 (n
=1

1)
  -

  p
oo

rly
 c

on
tro

lle
d 

D
M

 (n
=1

)

Th
e 

st
ud

y 
pr

ot
oc

ol
 in

cl
ud

ed
 a

 ro
ut

in
e 

ph
ys

ic
al

 
ex

am
in

at
io

n,
 b

lo
od

 c
he

ck
 (p

la
sm

a 
ca

te
ch

ol
a-

m
in

e)
 a

nd
 u

rin
al

ys
is

A
 3

0-
m

in
ut

e 
EC

G
 w

as
 re

co
rd

ed
 fo

r a
ss

es
si

ng
 

H
RV

Po
or

ly
 c

on
tro

l D
M

 d
og

s h
ad

 d
ec

re
as

ed
 

H
RV

 c
om

pa
re

d 
to

 th
e 

co
nt

ro
l g

ro
up

 
	

• ↓
 N

N
A

, S
D

A
N

N
	

• ↓
 p

la
sm

a 
no

re
pi

ne
ph

ri
ne

 c
on

   
   

   
   

   
  c

en
tra

tio
n 

(N
E)

Po
or

ly
 c

on
tro

lle
d 

D
M

 d
og

s h
ad

 d
e-

cr
ea

se
d 

H
RV

 c
om

pa
re

d 
to

 th
e 

w
el

l-c
on

-
tro

lle
d 

D
M

 d
og

s 
	

• ↓
 N

N
A

, S
D

N
N

, S
D

N
N

 in
de

x 
   

   
   

   
   

  &
 p

N
N

50
%

Po
or

ly
 c

on
tro

l D
M

 d
og

s h
ad

 g
re

at
er

 d
e-

pr
es

se
d 

H
RV

 c
om

pa
re

d 
to

 th
e 

w
el

l-c
on

-
tro

lle
d 

D
M

 g
ro

up
 

	
• ↓

 H
F,

 T
P

   
   

   
   

  •
 L

F/
H

F

Im
pa

irm
en

t o
f a

ut
on

om
ic

 n
eu

ro
pa

th
y 

ca
n 

be
 e

va
lu

at
ed

 b
y 

H
RV

 in
 p

oo
r-

ly
-c

on
tro

lle
d 

D
M

 d
og

s

Po
or

ly
-c

on
tro

lle
d 

D
M

 d
og

s h
av

e 
su

pp
re

ss
ed

 H
RV

 a
nd

 d
ec

re
as

ed
 N

E 
co

nc
en

tra
tio

ns

(P
iri

nt
r e

t a
l.,

 
20

12
)

D
og

s (
n=

12
)

   
- l

ow
 V

PC
 (n

=6
)

V
PC

 <
10

00
/d

   
- h

ig
h 

V
PC

 (n
=6

)
V

PC
 >

10
00

/d

30
-m

in
ut

e 
co

nt
in

uo
us

 E
C

G
 w

av
ef

or
m

s w
er

e 
as

se
ss

ed
 fo

r v
en

tri
cu

la
r a

rr
hy

th
m

ia
s. 

D
og

s w
er

e 
se

pa
ra

te
d 

in
to

 2
 g

ro
up

s.
Th

e 
st

ud
y 

w
as

 p
er

fo
rm

ed
 o

n:
   

 • 
D

ay
 0

 (p
re

op
er

at
iv

e 
da

y)
; (

D
0)

   
 • 

D
ay

 1
 to

 d
ay

 3
 a

fte
r s

pl
en

ec
to

m
y 

(D
1,

D
2,

D
3)

   
 • 

D
ay

 9
 a

fte
r s

pl
en

ec
to

m
y 

(D
9)

Th
e 

hi
gh

 V
PC

 g
ro

up
 h

ad
 a

 g
re

at
er

 d
e-

cr
ea

se
 in

 H
RV

 th
an

 th
e 

lo
w

 V
PC

 g
ro

up
	

• ↓
 T

P,
 H

F
	

• L
F/

H
F

In
 sp

le
ne

ct
om

y 
do

gs
 e

nh
an

ce
m

en
t o

f 
ba

ro
re

ce
pt

or
 o

r A
N

S 
in

 lo
w

 V
PC

 w
as

 
be

tte
r t

ha
n 

in
 h

ig
h 

V
PC

(P
as

ta
ra

pa
te

e 
et

 
al

., 
20

17
)

 



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

213

Ta
bl

e 
7 

C
lin

ic
al

 u
se

s o
f H

RV
 fo

r t
re

at
m

en
t m

on
ito

rin
g 

(C
on

t.)

M
od

el
/B

re
ed

M
et

ho
d

H
R

V
 p

ar
am

et
er

 fi
nd

in
g

In
te

rp
re

ta
tio

n
R

ef
er

en
ce

La
bo

ra
to

ry
 B

ea
gl

e 
do

gs
 (n

=2
4)

   
- c

on
tro

l g
ro

up
 

(n
=8

)
   

- n
o 

po
in

t g
ro

up
 

(n
=8

)
   

- a
cu

pu
nc

tu
re

 p
oi

nt
 

gr
ou

p 
(n

=8
)

H
RV

 re
co

rd
er

s w
er

e 
st

ra
pp

ed
 o

n 
th

e 
ch

es
t d

ur
in

g 
m

on
ito

rin
g.

In
 th

e 
st

re
ss

 p
ro

to
co

l s
tim

ul
at

io
n 

do
gs

 h
ea

rd
 

th
un

de
r s

ou
nd

s f
or

 1
50

 se
co

nd
s.

Th
e 

ac
up

un
ct

ur
e 

po
in

t g
ro

up
 w

er
e 

st
im

ul
at

ed
 b

y 
a 

20
-m

in
ut

e 
se

ss
io

n 
of

 n
ee

dl
e 

in
se

rti
on

 a
t a

cu
-

pu
nc

tu
re

 p
oi

nt
s.

Th
e 

so
un

d 
st

re
ss

 p
ro

to
co

l i
nd

uc
ed

 g
ro

up
 

ha
d 

de
pr

es
se

d 
H

RV
	

• ↑
 L

F/
H

F
	

• ↑
 L

F 
po

w
er

	
• ↓

 H
F 

po
w

er

Th
e 

ac
up

un
ct

ur
e 

po
in

t g
ro

up
 h

ad
 im

-
pr

ov
ed

 H
RV

	
• ↑

 H
F 

po
w

er
   

   
   

   
  •

 ↓
 L

F,
 L

F/
H

F

A
cu

pu
nc

tu
re

 re
du

ce
s c

ar
di

ac
 a

ut
on

om
-

ic
 a

nd
 b

eh
av

io
ra

l r
es

po
ns

es
 w

ith
ou

t 
ch

an
gi

ng
 c

or
tis

ol
 le

ve
l i

n 
B

ea
gl

es
.

(M
ac

ca
rie

llo
 e

t 
al

., 
20

18
)

H
ea

lth
y 

ho
rs

es
 (H

) )
n=

13
)

H
or

se
s w

ith
 a

rr
hy

th
-

m
ia

 (A
) (

n=
30

)
Po

or
 p

er
fo

rm
an

ce
, 

no
 a

rr
hy

th
m

ia
 (O

) 
(n

=1
1)

H
RV

 w
as

 a
na

ly
ze

d 
w

ith
 th

e 
H

SE
T 

ex
er

ci
se

 te
st

 
(w

al
k,

 tr
ot

, c
an

te
r, 

re
co

ve
r)

 a
nd

 h
or

se
s w

er
e 

m
on

-
ito

re
d 

fo
r a

bn
or

m
al

 d
ep

ol
ar

iz
at

io
n 

su
ch

 a
s a

tri
al

 
pr

em
at

ur
e 

co
m

pl
ex

 (A
PC

s)
 o

r V
PC

s

In
cr

ea
se

d 
m

ax
im

um
 R

-R
 in

te
rv

al
 v

ar
ia

-
tio

n 
in

 g
ro

up
 A

	
• ↑

 R
M

SS
D

A
rr

hy
th

m
ia

 w
as

 fo
un

d 
in

 g
ro

up
 O

 d
ur

in
g 

th
e 

re
co

ve
ry

 p
ha

se

A
n 

in
cr

ea
se

d 
R

-R
 in

te
rv

al
 is

 li
ke

ly
 to

 
in

di
ca

te
 a

n 
ar

rh
yt

hm
ic

 e
ve

nt
.

Tr
ea

dm
ill

 e
xe

rc
is

e 
w

ith
 H

RV
 m

on
ito

r-
in

g 
of

 h
or

se
s c

an
 b

e 
he

lp
fu

l i
n 

as
se

ss
-

in
g 

pr
em

at
ur

e 
co

m
pl

ex
 a

nd
 a

bn
or

m
al

 
pa

th
ol

og
ic

al
 e

ve
nt

s.

(F
ric

k 
et

 a
l.,

 
20

19
)

A
th

le
te

 h
or

se
s (

n=
9)

H
RV

 m
on

ito
re

d 
fo

r 6
 d

ay
s (

D
ay

s 0
, 1

, 2
, 3

, 4
, 5

) 
fo

r 6
-h

ou
rs

 e
ac

h 
tim

e.
H

or
se

s w
er

e 
st

im
ul

at
ed

 b
y 

a 
hy

po
xi

c 
no

rm
ob

ar
ic

 
de

vi
ce

 to
 a

da
pt

 to
 a

 se
al

ed
 e

nv
iro

nm
en

t.

In
cr

ea
se

d 
H

RV
 in

 a
th

le
te

 h
or

se
s a

t d
ay

s 
4 

an
d 

5.
	

• ↑
 S

D
N

N
, R

M
SS

D
   

   
   

   
  •

 ↑
 L

F

A
th

le
te

 h
or

se
s n

ee
d 

at
 le

as
t 3

 d
ay

s t
o 

ad
ap

t t
o 

av
oi

d 
a 

hy
po

xi
c 

co
nd

iti
on

.
A

ct
iv

at
ed

 sy
m

pa
th

et
ic

 to
ne

 w
as

 fo
un

d 
in

 th
e 

hy
po

xi
c 

co
nd

iti
on

.

(M
un

oz
 e

t a
l.,

 
20

19
)

D
om

es
tic

 p
ig

s (
n=

16
) 

ex
pe

rim
en

ta
l a

ni
m

al
 

m
od

el
   

- p
ig

s w
ith

 fe
ca

l 
pe

rit
on

iti
s (

n=
11

)
   

- c
on

tro
l (

n=
5)

M
on

ito
re

d 
H

RV
 a

fte
r 5

-h
ou

rs
 o

f i
nd

uc
ed

 fe
ca

l 
pe

rit
on

iti
s f

or
 e

ar
ly

 in
di

ca
tio

n 
of

 se
ps

is
A

fte
r s

ev
er

al
 h

ou
rs

 o
f s

ep
si

s p
ig

s h
ad

 
de

cr
ea

se
d 

H
RV

 a
nd

 in
cr

ea
se

d 
LF

	
• ↓

 S
D

N
N

, S
D

SD
, p

N
N

50
%

, H
F

   
   

   
   

  •
 ↑

 L
F

H
RV

 c
an

 b
e 

us
ed

 a
s a

n 
ea

rly
 in

di
ca

to
r 

of
 se

ps
is

.
Se

ps
is

 in
hi

bi
ts

 th
e 

pa
ra

sy
m

pa
th

et
ic

 
ne

rv
ou

s s
ys

te
m

 a
nd

 in
du

ce
s H

RV
 

re
du

ct
io

n.

(J
ar

ko
vs

ka
 e

t a
l.,

 
20

17
)

 



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

214

Ta
bl

e 
7 

C
lin

ic
al

 u
se

s o
f H

RV
 fo

r t
re

at
m

en
t m

on
ito

rin
g 

(C
on

t.)

M
od

el
/B

re
ed

M
et

ho
d

H
R

V
 p

ar
am

et
er

 fi
nd

in
g

In
te

rp
re

ta
tio

n
R

ef
er

en
ce

D
og

s w
ith

 p
os

iti
ve

 P
C

R
 a

ss
ay

 fo
r 

Eh
rli

ch
ia

 c
an

is
 a

ffl
ic

te
d 

by
 a

 c
hr

on
ic

 
ph

as
e 

of
 c

yt
op

en
ia

 C
M

E.
 (n

=2
0)

H
ea

lth
y 

do
gs

 (n
=1

0)

24
-h

ou
r H

RV
 m

on
ito

re
d 

an
d 

an
al

yz
ed

 in
 th

e 
tim

e 
do

m
ai

n
D

og
s w

ith
 E

hr
lic

hi
a 

ca
ni

s i
nf

ec
tio

n 
ha

d 
de

cr
ea

se
d 

H
RV

   
   

  •
 ↓

 S
D

N
N

, S
D

A
N

N
, p

N
N

50
%

C
yt

op
en

ic
 C

M
E 

le
ad

s t
o 

au
to

no
m

ic
 im

ba
l-

an
ce

 th
ro

ug
h 

st
im

ul
at

io
n 

of
 th

e 
sy

m
pa

th
et

ic
 

ne
rv

ou
s s

ys
te

m

(G
ia

nf
ra

nc
he

sc
o 

Fi
lip

pi
 e

t a
l.,

 2
01

9)

 A
bb

re
vi

at
io

ns
: H

RV
, h

ea
rt 

ra
te

 v
ar

ia
bi

lit
y;

 H
F,

 h
ig

h 
fr

eq
ue

nc
y;

 L
F,

 lo
w

 f
re

qu
en

cy
; L

F/
H

F 
lo

w
 f

re
qu

en
cy

 a
nd

 h
ig

h 
fr

eq
ue

nc
y 

ra
tio

; H
Fn

u,
 n

or
m

al
iz

in
g 

of
 h

ig
h 

fr
eq

ue
nc

y;
 L

Fn
u,

 
no

rm
al

iz
in

g 
of

 lo
w

 fr
eq

ue
nc

y;
 S

D
N

N
, s

ta
nd

ar
d 

de
vi

at
io

n 
of

 R
R

 in
te

rv
al

; S
D

A
N

N
, s

ta
nd

ar
d 

de
vi

at
io

n 
av

er
ag

e 
R

R
 in

te
rv

al
; C

K
C

S,
 C

av
al

ie
r K

in
g 

C
ha

rle
s S

pa
ni

el
; w

D
, w

ire
-h

ai
re

d 
D

ac
hs

hu
nd

; C
T,

 C
ai

rn
 T

er
rie

r; 
V

V
TI

, v
as

ov
ag

al
 to

nu
s i

nd
ex

; A
RV

C
, a

rr
hy

th
m

og
en

ic
 ri

gh
t v

en
tr

ic
ul

ar
 c

ar
di

om
yo

pa
th

y;
 M

I, 
m

yo
ca

rd
ia

l i
nf

ra
ct

io
n;

 C
M

E,
 c

an
in

e 
m

on
oc

yt
ic

 e
hr

li-
ch

io
si

s; 
V

PC
, v

en
tr

ic
ul

ar
 p

re
m

at
ur

e 
co

m
pl

ex
; N

E,
 n

or
ep

in
ep

hr
in

e;
 S

SS
, s

ic
k 

si
nu

s 
sy

nd
ro

m
e;

 M
M

V
D

, m
yx

om
at

ou
s 

m
itr

al
 v

al
ve

 d
is

ea
se

; i
SG

N
A

, i
nt

eg
ra

te
d 

le
ft 

st
el

la
te

 g
an

gl
io

n 
ne

rv
e 

ac
tiv

ity
; i

V
N

A
, i

nt
eg

ra
te

d 
va

ga
l n

er
ve

 a
ct

iv
ity

; H
SE

T,
 h

ig
h-

sp
ee

d 
tre

ad
m

ill
 st

an
da

rd
iz

ed
 e

xe
rc

is
e 

te
st

 



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

215

REFERENCES

Abbott, J.A., 2005. Heart rate and heart rate variability of healthy cats in 
	 home and hospital environments. J. Feline Med. Surg. 7, 195-202.
Acar, B., Savelieva, I., Hemingway, H., Malik, M., 2000. Automatic ectopic 
	 beat elimination in short-term heart rate variability measurement. 
	 Comput. Methods Programs. Biomed. 63, 123-131.
Anaruma, C.P., Ferreira, M., Jr., Sponton, C.H., Delbin, M.A., Zanesco, A., 
	 2016. Heart rate variability and plasma biomarkers in patients with 
	 type 1 diabetes mellitus: Effect of a bout of aerobic exercise. Diabetes 
	 Res. Clin. Pract. 111, 19-27.
Ates, F., Topal, E., Kosar, F., Karincaoglu, M., Yildirim, B., Aksoy, Y., 
	 Aladag, M., Harputluoglu, M.M., Demirel, U., Alan, H., Hilmioglu, 
	 F., 2006. The relationship of heart rate variability with severity and 
	 prognosis of cirrhosis. Dig .Dis .Sci .51, 1614-1618.
Bigger, J.T. Jr., Fleiss, J.L., Steinman, R.C., Rolnitzky, L.M., Kleiger, R.E., 
	 Rottman, J.N., 1992. Correlations among time and frequency domain 
	 measures of heart period variability two weeks after acute myocardial 
	 infarction. Am. J. Cardiol. 69, 891-898.
Bigger, J.T. Jr., Fleiss, J.L., Steinman, R.C., Rolnitzky, L.M., Schneider, W.J., 
	 Stein, P.K., 1995. RR variability in healthy, middle-aged persons 
	 compared with patients with chronic coronary heart disease or recent 
	 acute myocardial infarction. Circulation.91, 1936-1943.
Bilchick, K.C., Berger, R.D., 2006. Heart rate variability. J .Cardiovasc 
	 .Electrophysiol.17, 691-694.
Billman, G.E., 2011. Heart rate variability - a historical perspective. Front. 
	 Physiol. 2, 86.

CONCLUSION

	 HRV is related to the regulation of the autonomic nervous system. Im-
pairment of HRV is correlated with many diseases in veterinary medicine such 
as cardiovascular and kidney disease which can result in increased activation 
of the sympathetic nervous system.  HRV can be used to predict and monitor 
the progression of diseases.  In cardiac diseases, HRV can be used to moni-
tor and evaluate MMVD and congestive heart failure in dogs. HRV can also 
be used with other diseases, e.g., to evaluate the autonomic function in DM, 
during the post-operative period of splenectomy, to evaluate the effectiveness 
of acupuncture treatment and during rehabilitation programs as well as with 
canine ehrlichiosis infection and porcine peritonitis.  In addition, HRV im-
pairment resulting from these diseases increases sympathetic tone and induces 
impairment of both the time domain and the frequency domain.  In the time 
domain, these diseases can induce the decrease of SDNN, SDANN, rMSSD 
and pNN50%, whereas LF and LF/HF ratios are increased in the frequency do-
main.  HRV can also be used as a sensitive and non-invasive tool for evaluation 
of the autonomic nervous system and as a predictive tool in clinical veterinary 
medicine practice.  Additionally, it can be used as a model in clinical research 
to increase knowledge and to help develop better clinical practices.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

216

Billman, G.E., 2013. The LF/HF ratio does not accurately measure cardiac 
	 sympathovagal balance. Front. Physiol. 4, 26.
Bogucki, S., Noszczyk-Nowak, A., 2015. Short-term heart rate variability 
	 (HRV) in healthy dogs. Pol. J. Vet. Sci. 18, 307-312.
Bogucki, S., Noszczyk-Nowak, A., 2017. Short-term heart rate variability in 
	 dogs with sick sinus syndrome or chronic mitral valve disease as 
	 compared to healthy controls. Pol. J. Vet. Sci. 20, 167-172.
Buranakarl, C., 2017. Autonomic control of the heart. Thai. J. Vet. Med. 
	 Suppl. 47.
Calvert, C.A., 1998. Heart rate variability. Vet. Clin. North Am. Small Anim. 
	 Pract.28, 1409-1427, viii.
Calvert, C.A., Wall, M., 2001. Effect of severity of myocardial failure on heart 
	 rate variability in Doberman pinschers with and without echocardiographic 
	 evidence of dilated cardiomyopathy. J. Am. Vet. Med. Assoc. 219, 
	 1084-1088.
Chan, Y.H., Tsai, W.C., Shen, C., Han, S., Chen, L.S., Lin, S.F., Chen, P.S., 
	 2015. Subcutaneous nerve activity is more accurate than heart rate 
	 variability in estimating cardiac sympathetic tone in ambulatory dogs 
	 with myocardial infarction. Heart Rhythm. 12, 1619-1627.
Chompoosan, C., Buranakarl, C., Chaiyabutr, N., Chansaisakorn, W., 2014. 
	 Decreased sympathetic tone after short-term treatment with enalapril 
	 in dogs with mild chronic mitral valve disease. Res. Vet. Sci. 96, 347-
	 354.
Doxey, S., Boswood, A., 2004. Differences between breeds of dog in a 
	 measure of heart rate variability. Vet. Rec. 154, 713-717.
Duerr, F.M., Carr, A.P., Duke, T., Shmon, C.L., Monnet, E., 2007. Prevalence 
	 of perioperative arrhythmias in 50 young, healthy dogs. Can. Vet. J. 
	 48, 169-177.
Eckberg, D.L., 2003. The human respiratory gate. J. Physiol. 548, 339-352.
Ferrario, M., Moissl, U., Garzotto, F., Cruz, D.N., Clementi, A., Brendolan, 
	 A., Tetta, C., Gatti, E., Signorini, M.G., Cerutti, S., Ronco, C., 2014. 
	 Effects of fluid overload on heart rate variability in chronic kidney 
	 disease patients on hemodialysis. BMC Nephrol. 15, 26.
Florencio, R., Fregonezi, G., Brilhante, S., Borghi-Silva, A., Dias, F., 
	 Resqueti, V., 2013. Heart rate variability at rest and after the 6-minute 
	 walk test (6MWT) in children with cystic fibrosis. Braz. J. Phys. Ther. 
	 17, 419-426.
Frick, L., Schwarzwald, C.C., Mitchell, K.J., 2019. The use of heart rate 
	 variability analysis to detect arrhythmias in horses undergoing a 
	 standard treadmill exercise test. J. Vet. Intern. Med. 33, 212-224.
Grant, C.C., Murray, C., Janse van R., D.C., Fletcher, L., 2013. A comparison 
	 between heart rate and heart rate variability as indicators of cardiac 
	 health and fitness. Front. Physiol. 4, 337.
Haddad, G.G., Jeng, H.J., Lai, T.L., 1987. Heart rate variability during 
	 respiratory pauses in puppies and dogs. Pediatr. Res. 22, 306-311.
Haggstrom, J., Hamlin, R.L., Hansson, K., Kvart, C., 1996. Heart rate 
	 variability in relation to severity of mitral regurgitation in Cavalier 
	 King Charles spaniels. J. Small Anim. Pract. 37, 69-75.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

217

Hayano, J., Yasuma, F., Okada, A., Mukai, S., Fujinami, T., 1996. Respiratory 
	 sinus arrhythmia. A phenomenon improving pulmonary gas exchange 
	 and circulatory efficiency. Circulation 94, 842-847.
Huikuri, H.V. Stein, P.K., 2012. Clinical application of heart rate 
	 variability after acute myocardial infarction.  Frontiers in physiology, 
	 3, 41.
Hull, S.S., Jr., Evans, A.R., Vanoli, E., Adamson, P.B., Stramba-Badiale, M., 
	 Albert, D.E., Foreman, R.D., Schwartz, P.J., 1990. Heart rate 
	 variability before and after myocardial infarction in conscious dogs at 
	 high and low risk of sudden death. J. Am. Coll. Cardiol. 16, 978-985.
Jarkovska, D., Valesova, L., Chvojka, J., Benes, J., Danihel, V., Sviglerova, J., 
	 Nalos, L., Matejovic, M., Stengl, M., 2017. Heart-rate variability 
	 depression in porcine peritonitis-induced sepsis without organ failure. 
	 Exp. Biol. Med. (Maywood) .242, 1005-1012.
Katayama, M., Kubo, T., Mogi, K., Ikeda, K., Nagasawa, M., Kikusui, T., 
	 2016. Heart rate variability predicts the emotional state in dogs. 
	 Behav. Processes .128, 108-112.
Keene, B.W., Atkins, C.E., Bonagura, J.D., Fox, P.R., Haggstrom, J., Fuentes, 
	 V.L., Oyama, M.A., Rush, J.E., Stepien, R., Uechi, M., 2019. ACVIM 
	 consensus guidelines for the diagnosis and treatment of myxomatous 
	 mitral valve disease in dogs. J. Vet. Intern. Med. 33, 1127-1140.
Khor, K.H., Shiels, I.A., Campbell, F.E., Greer, R.M., Rose, A., Mills, P.C., 
	 2014. Evaluation of a technique to measure heart rate variability in 
	 anaesthetised cats. Vet. J. 199, 229-235.
Kleiger, R.E., Stein, P.K., Bigger, J.T., Jr., 2005. Heart rate variability: 
	 measurement and clinical utility. Ann. Noninvasive Electrocardiol. 10, 
	 88-101.
Komamura, K., Shannon, R.P., Ihara, T., Shen, Y.T., Mirsky, I., Bishop, S.P., 
	 Vatner, S.F., 1993. Exhaustion of Frank-Starling mechanism in 
	 conscious dogs with heart failure. Am. J. Physiol. 265, H1119-1131.
Kovacs, L., Kezer, F.L., Poti, P., Jurkovich, V., Szenci, O., Nagy, K., 2019. 
	 Short communication: heart rate variability, step, and rumination 
	 behavior of dairy cows milked in a rotary milking system. J. Dairy 
	 Sci. 102, 5525-5529.
Lehrer, P.M., Gevirtz, R., 2014. Heart rate variability biofeedback: how and 
	 why does it work? Front. Psychol. 5, 756.
Lopez-Alvarez, J., Boswood, A., Moonarmart, W., Hezzell, M.J., Lotter, N., 
	 Elliott, J., 2014. Longitudinal electrocardiographic evaluation of dogs 
	 with degenerative mitral valve disease. J. Vet. Intern. Med. 28, 393-
	 400.
Maccariello, C.E.M., Franzini de S., C.C., Morena, L., Dias, D.P.M., 
	 Medeiros, M.A., 2018. Effects of acupuncture on the heart rate 
	 variability, cortisol levels and behavioural response induced by 
	 thunder sound in beagles. Physiol. Behav. 186, 37-44.
Malliani, A., Pagani, M., Lombardi, F., Cerutti, S., 1991. Cardiovascular 
	 neural regulation explored in the frequency domain. Circulation. 84, 
	 482-492.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

218

Manzo, A., Ootaki, Y., Ootaki, C., Kamohara, K., Fukamachi, K., 2009. 
	 Comparative study of heart rate variability between healthy human 
	 subjects and healthy dogs, rabbits and calves. Lab. Anim. 43, 41-45.
Mauricio, G.F., Mayra, de, C.F.L., Paes, A.C., Sarita C.A., A., Oba, E., 
	 Ferreira de S.F., Kiomi, T.R., Gomes, L. M.L., 2019. Evaluation of heart 
	 rate variability and behavior of electrocardiographic parameters in 
	 dogs affected by chronic Monocytic Ehrlichiosis. PLoS One 14, 
	 e0216552.
Menne, J., Jordan, J., Linnenweber-Held, S., Haller, H., 2013. Resistant 
	 hypertension: baroreflex stimulation as a new tool. Nephrol. Dial. 
	 Transplant. 28, 288-295.
Meurs, K.M., Adin, D., O’Donnell, K., Keene, B.W., Atkins, C.E., 
	 DeFrancesco, T., Tou, S., 2019. Myxomatous mitral valve disease in 
	 the miniature poodle: A retrospective study. Vet. J. 244, 94-97.
Moonarmart, W., Suttummaporn, S., Jarutummsiri, T., Osathanon, R., 2012. 
	 Effects of behavior responses on the vasovagal tonus index in healthy 
	 dogs. Thai. J. Vet. Med. Suppl. 42, 59-65.
Munoz, A., Castejon-Riber, C., Castejon, F., Rubio, D.M., Riber, C., 2019. 
	 Heart rate variability parameters as markers of the adaptation to a 
	 sealed environment (a hypoxic normobaric chamber) in the horse 
	 [Abstract]. J. Anim. Physiol. Anim. Nutr. (Berl).
Oliveira, M.S., Muzzi, R.A., Araujo, R.B., Muzzi, L.A., Ferreira, D.F., 
	 Nogueira, R., Silva, E.F., 2012. Heart rate variability parameters of 
	 myxomatous mitral valve disease in dogs with and without heart 
	 failure obtained using 24-hour Holter electrocardiography. Vet. Rec. 
	 170, 622.
Parati, G., Di Rienzo, M., Mancia, G., 2001. Dynamic modulation of 
	 baroreflex sensitivity in health and disease. Ann. N. Y. Acad. Sci. 940, 
	 469-487.
Pastarapatee, N., Kijtawornrat, A., Buranakarl, C., 2017. Imbalance of 
	 autonomic nervous systems involved in ventricular arrhythmia after 
	 splenectomy in dogs. J. Vet. Med. Sci. 79, 2002-2010.
Pereira, Y.M., Woolley, R., Culshaw, G., French, A., Martin, M., 2008. The 
	 vasovagal tonus index as a prognostic indicator in dogs with dilated 
	 cardiomyopathy. J. Small Anim. Pract. 49, 587-592.
Piccirillo, G., Ogawa, M., Song, J., Chong, V.J., Joung, B., Han, S., Magri, 
	 D., Chen, L.S., Lin, S.F., Chen, P.S., 2009. Power spectral analysis of 
	 heart rate variability and autonomic nervous system activity 
	 measured directly in healthy dogs and dogs with tachycardia-induced 
	 heart failure. Heart Rhythm. 6, 546-552.
Pirintr, P., Chansaisakorn, W., Trisiriroj, M., Kalandakanond-Thongsong, S., 
	 Buranakarl, C., 2012. Heart rate variability and plasma norepinephrine 
	 concentration in diabetic dogs at rest. Vet. Res. Commun. 36, 207-214.
Pirintr, P., Saengklub, N., Limprasutr, V., Sawangkoon, S., Kijtawornrat, A., 
	 2017. Sildenafil improves heart rate variability in dogs with 
	 asymptomatic myxomatous mitral valve degeneration. J. Vet. Med. 
	 Sci. 79, 1480-1488.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

219

Pumprla, J., Howorka, K., Groves, D., Chester, M., Nolan, J., 2002. 
	 Functional assessment of heart rate variability: physiological basis 
	 and practical applications. Int. J. Cardiol. 84, 1-14.
Rajendra A., U., Paul J., K., Kannathal, N., Lim, C.M., Suri, J.S., 2006. Heart 
	 rate variability: a review. Med. Biol. Eng. Comput. 44, 1031-1051.
Rasmussen, C.E., Falk, T., Domanjko P., A., Schaldemose, M., Zois, N.E., 
	 Moesgaard, S.G., Ablad, B., Nilsen, H.Y., Ljungvall, I., Hoglund, K., 
	 Haggstrom, J., Pedersen, H.D., Bland, J.M., Olsen, L.H., 2014. Holter 
	 monitoring of small breed dogs with advanced myxomatous mitral 
	 valve disease with and without a history of syncope. J. Vet. Intern. 
	 Med. 28, 363-370.
Rasmussen, C.E., Falk, T., Zois, N.E., Moesgaard, S.G., Haggstrom, J., 
	 Pedersen, H.D., Ablad, B., Nilsen, H.Y., Olsen, L.H., 2012. Heart rate, 
	 heart rate variability, and arrhythmias in dogs with myxomatous 
	 mitral valve disease. J. Vet. Intern. Med. 26, 76-84.
Rasmussen, C.E., Vesterholm, S., Ludvigsen, T.P., Haggstrom, J., Pedersen, 
	 H.D., Moesgaard, S.G., Olsen, L.H., 2011. Holter monitoring in 
	 clinically healthy Cavalier King Charles Spaniels, Wire-haired 
	 Dachshunds, and Cairn Terriers. J. Vet. Intern. Med. 25, 460-468.
Roque, A.L., Valenti, V.E., Massetti, T., da Silva, T.D., Monteiro, C.B., 
	 Oliveira, F.R., de Almeida Junior, A.D., Lacerda, S.N., Pinasco, G.C., 
	 Nascimento, V.G., Granja Filho, L.G., de Abreu, L.C., Garner, D.M., 
	 Ferreira, C., 2014. Chronic obstructive pulmonary disease and heart 
	 rate variability: a literature update. Int. Arch. Med. 7, 43.
Schober, K.E., Hart, T.M., Stern, J.A., Li, X., Samii, V.F., Zekas, L.J., Scansen, 
	 B.A., Bonagura, J.D., 2010. Detection of congestive heart failure in 
	 dogs by Doppler echocardiography. J. Vet. Intern. Med. 24, 1358-1368.
Serrador, J.M., Finlayson, H.C., Hughson, R.L., 1999. Physical activity is a 
	 major contributor to the ultra low frequency components of heart rate 
	 variability. Heart. 82, e9.
Spier, A.W., Meurs, K.M., 2004. Assessment of heart rate variability in 
	 Boxers with arrhythmogenic right ventricular cardiomyopathy. J. Am. 
	 Vet. Med. Assoc. 224, 534-537.
Stein, P.K., Bosner, M.S., Kleiger, R.E., Conger, B.M., 1994. Heart rate 
	 variability: a measure of cardiac autonomic tone. Am. Heart. J. 127, 
	 1376-1381.
Strauss-Blasche, G., Moser, M., Voica, M., McLeod, D.R., Klammer, N., 
	 Marktl, W., 2000. Relative timing of inspiration and expiration affects 
	 respiratory sinus arrhythmia. Clin. Exp. Pharmacol. Physiol. 27, 601-
	 606.
Sztajzel, J., 2004. Heart rate variability: a noninvasive electrocardiographic 
	 method to measure the autonomic nervous system. Swiss. Med. Wkly. 
	 134, 514-522.
Thayer, J.F., Yamamoto, S.S., Brosschot, J.F., 2010. The relationship of 
	 autonomic imbalance, heart rate variability and cardiovascular 
	 disease risk factors. Int. J. Cardiol. 141, 122-131.



Vet Integr SciVet Integr Sci Chueainta  et al. Vet Integr Sci. 2019; 17(3): 195-220

Veterinary Integrative Sciences

220

Wang, J., Nagueh, S.F., Mathuria, N.S., Shih, H.T., Panescu, D., Khoury, D.S., 
	 2009. Left ventricular twist mechanics in a canine model of reversible 
	 congestive heart failure: a pilot study. J. Am. Soc. Echocardiogr. 22, 
	 95-98.
Zanesco, A., Ferreira, Jr.M., 2016. Heart rate variability as important 
	 approach for assessment autonomic modulation. Motriz. Rio. Claro. 
	 22, 3-8.
Zupan, M., Buskas, J., Altimiras, J., Keeling, L.J., 2016. Assessing positive 
	 emotional states in dogs using heart rate and heart rate variability. 	
	 Physiol. Behav. 155, 102-111.

How to cite this article; 
Phurion  Chueainta, Wanpitak  Pongkan and Chavalit  Boonyapakorn. Clinical applications of 
heart rate variability in dogs. Veterinary Integrative Sciences. 2019; 17(3): 195-220


