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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

HRYV 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). VVTLis 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 pNNS50 correlate
with HF in the frequency domain and illustrate parasympathetic activity.
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Table 1 Time domain parameters of HRV for short term (60-min) records in healthy dogs (Bogucki and

Noszczyk-Nowak, 2015).

Range
Variable Units Statistical measurements (mean =+ 95%
confidence interval)
SDNN ms Standard deviation of all R-R intervals 180-238
Standard deviation of the average normal R-R intervals
SDANN ms calculated over short time periods (usually 5 minutes) of 60-82
the entire 24 hours recording
MSSD ms The square rF)ot of the mean difference between adjacent 214305
normal R-R intervals
Mean of the standard deviation of the normal R-R
SDNN index  ms intervals calculated over a short period (usually 5 162-220
minutes) of the entire 24 hours recording
The number of pairs of adjacent normal R-R intervals that
NNS0 differ by more than 50 milliseconds 630-725
pNN50 o, NNS50 divided by the total number of normal R-R inter- 66-77

vals x 100

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, ULE, VLE LFE, HE LFnu, HFnu, and LE/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, VLE 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). HEF 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)
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Table 2 Frequency domain parameters for short term (60-min) Holter monitoring in healthy dogs (Bogucki
and Noszczyk-Nowak, 2015).

Range
Variable Units Statistical measurements Frequency range (mean £ 95%
confidence interval)
TP ms2  Area under the entire power spectral (<0.4) 9,600-12,500
curve (<0.4),variance of all normal
R-R intervals
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 ND 0.24-0.33

power

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

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 pNNS0 rtMSSD
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

HRYV 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
HRYV 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
HRYV 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
(VVT]I) 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 MM VD can exhibit impairment of both the time domain
and frequency domain of HRV (Bogucki and Noszczyk-Nowak, 2017; Pirintr
etal., 2017; Rasmussen et al., 2014). Previous time domain HRV studies have
demonstrated that MM VD dogs can exhibit decreased SDNN, SDANN, SAN-
NI, pNN50 and rtMSSD (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).
CHEF 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

HRYV 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).

HRYV 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).

Chueainta et al. Vet Integr Sci. 2019; 17(3): 195-220 211




VETERINARY INTEGRATIVE SCIENCES

(L10T “TB
10 dojedeie)seq)

(z10t
“Ie 30 nuid)

OdA Y31y ur uey) 1onaq
sem DJA MO[ Ul SNV Jo 103dooaroreq
JO Juowoouequo s3op Awojoaudyds uf

SUOI)BIIUSOUOD

AN Pasea1ddp pue AYH passarddns
dAey s30p N PR[[0NU0d-A[1004

S30p N PA[[01U09-K]
-100d ur AYH Aq paeneAd 9q ued
Aypedomau orwouoine Jo juouniredury

AH/AT .

dHdLT.
dnoid DA Mmo[ ay3 ueyl AYH Ul 9SBIID
-op 1938013 ' pey dnoi3 DJA ysiy oy,

AH/AT .

dLAH T
dnoi3 N paron
-u09-[[oM 9y} 03 paredwod AYH passaxd
-op 1978213 pey s3op N( [01U0d K[100d

%0SNNd 2
Xopul NNAS ‘NNAS VNN T«
sSop N pa[[on
-U0d-[[oM 91} 03 paredwiod AYH Paseard

-op pey s3op JNQ PI[[01U0d A[100]

(AN) uoneuad
uoo suriydourdaiou ewserd 1 «
NNVAS VNN T«
dnoi3 [onuod ayj 03 paredwod AYH
Pasea10ap pey s3op N[ [013U0d K[1004

(6Q) Awojoauards 10138 ¢ Ae(J »
(cd‘za‘1q) Awojosuards 10338 ¢ Aep 03 | Ae(J «
(0Q) ‘(Aep aanerodoaid) () Ae( »

:uo pawojiad sem Apmis oy,

'sdnoig 7 ojur pajeredas axom sSo(q

"SEIWUIATLIE JB[NOLIJUOA JOJ PISSOsse

QI0M SWIOJOABM DDF SNONUIU0D JJNUIW-()§

AdH
SuIssosse 10J PapI0daI sem DT INUIW-()§

SIsATeurIn pue (ourw
-e[0997e0 wise[d) yooyd poo[q ‘uoneuIuexd
[eorsAyd aunnol e papnjour [020j01d Apmis ay [,

P/000I< DdA
(9=u) DdA U3y -
P/0001> DdA
(9=u) DA MmoJ -
(z1=u) s3oQq

(1=w) Nd
pajjonuod Apood -
(11=w) nd
P[00 [[oM -
(zz=w)
s3op onaqerp Ayedy
(g1=u) s30p
onaqerp-uou Ayiedy

IUIINY

uonelaadidyuy

Surpuy 193owered AYH

POYIRA

PId1g/IPPOIN

Suniojiuow Jusuear) 10J AYH JO sosn [edrul]) £ d[qelL

212

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




VETERINARY INTEGRATIVE SCIENCES

(L10T

B 19 BYSAOMIE[)

(6102
e 30 Zounjy))

"uonONpal

AYH S9onpul pue wo)sAS SNOAIU
onoyedwAsered oy syqryur sisdog

‘s1sdas jo

J10YBOIpUT A[JBd UB SE Pasn oq ued ANH

‘uonIpuod drxodAy oy ur

punoj sem auo} dnayjedwks pajeanoy
‘uonipuod Jrxod£y e proae 0} jdepe

01 sAep ¢ 1Se9] J8 PISU SISIOY AAYPY

"SJUdAQ Teo13ojoyred

[ewrouqe pue xojdwos armjewad Sur
-ssasse ur (nydjoy oq ued sas10y Jo 3ur
-1OJIUOW AYH UM 9SIOIOXO [[IWPLal],

ATl

AH “9%0SNNd ‘asds ‘NNdS T«

1 paseaiour pue AYH PoseaIoop
pey sSid s1sdos Jo sInoy [B10AdS 10}y

AT
ASSINY ‘NNAS | «

‘Spuey

SAep 1e S9SI0Y 9JAYJe Ul AYH PIseaIou]

oseyd A19A0031 9y)

ASSINY | »

Sunmp (O dnoi3 ur punoy sem eIUYAYLY

s1sdos Jo uoryeorpur A[1es 1oy spruoiirod
[899} PoonpuI Jo SINOY-G I91e AYH POIOUOA

“JUQUWIUOIIAUQ PI[eas & 0} }depe 0} 901Adp
oureqouwou o1xodAy B Aq pajenuwiIls o1om SOSIOH
“Qwir) Yoed SINOY-9 10J

(S ‘% °€ T “1 ‘0 sAeq) sAep 9 10§ paiojuOW AYH

SDAA 10 (sDdV) xo1dwos armjeward
[eine se yons uoneziejodop eurIouqe 10j paiojl

(g=u) [onuo09 -
(11=u) snruoyrrod
1809} yym s3id -
[opow
[ewIue [ejuowLIddXd
(91=u) s31d onsowo(q

(6=u) sosi0y [PV

(11=w

(Q) erwyAyLie ou
‘9oueu10)19d 1004
(0g=) (V) erw
~AYLIR YIIM SOSIO

(6102 “JUOAD OIWIAYLIE UB 9)BOIpUl Vv dnois ur uon  -UOW 9I19M $SISIOY PUB (I9A0DII “IdJURD 901} “Y[eM) (g1=u
e 39 JOLI) 03 KJOY[I] ST [BAIOUL -3 POSLAIOUI Uy  -BLIBA [BAIIUI -3 WNWIXEW PISBIIOU] 159} 9SI010X0 [ HSH Ui yiim pazhjeue sem AMH  ( (H) sosioy Ayjjeoyq
AH/ATATT
zomod JH | »
AMH paosoxd (g=u) dnoi3
-wr pey dnoiS jurod ainjoundnoe oy |, ‘syutod armound  jurod armoundnoe -
-Nok J& UONJIISUI S[PIOU JO UOISSOS JJnUI-()7 B (g=u)
romod JH T » Aq parenums o1om dnoi3 jurod amjoundnoe oy ], dnoi3 jurod ou -
Jomod J7 | » ‘SPU0dds ()G 10} SPUNOS JOpuNyy (g=u)
'so[Seaq Ul [9A9] [0S1II0D Surueyo AH/AT ! » pIeay sSop uonenwns [000301d SSa13S oY) U] dnoi3 jonuoo -
(810C “1® oYM sosuodsal [eIOIABYOq pue oI AMH possaxdop pey ‘Surioyruow (yz=u) sSop
10 O[[OLIBOOR]A])  -louojne oeIpIed soonpar armoundnoy  dnoiS paonpur [000301d ssons punos oy, Sunmp 3soyo oyj uo paddens o1om SI9pI0daI AH o13eag A10jeI0qe]
AUBIRJY ——O_ﬁ&ao.:uhoﬁﬁﬂ w:—@ﬁﬂ ho“—oaﬁh&a— AdH POYIIIA PI3.1g/[°POJAl

("7u0)) SuLIo)IUOW JUSWBAI} J0] AYH JO SIsN [edIUI])) L d[qEL

213

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




VETERINARY INTEGRATIVE SCIENCES

1S9} 9SIOIX PAZIPIEpUE]S [[Ipear) poads-y3Iy ‘ISH ANATI0€ 9AIoU [SeA PAJRISoIUl ‘YN AT (AJAIIOR OAIdU
uoI[Sues 9Je[[91s 1J9[ PoIeI3AUI “YNDSI OSLISIP 9AJBA [BIIIW SNOJEWOXAW ‘(qAININ QwoIpuAs snurts aIs ‘gSS ouriydourdarou ‘gN xojdwoo arnjeword JenornuoA ‘HJ A SISOIyo
-1[IY9 913A00U0W JUTURD ‘HIND) SUOIIORIJUI [BIPIBOOAW ‘TN ‘AyjedoAworpIes 1e[noLudA JYSLI OTUdSOWIAYLIR ‘DAY XOpUI SNUO) [ESBAOSBA ‘[T A A IOLLIQL UIre)) ‘1)) ‘punysyoeq
parrey-o1im ‘gm fJoruedg soprey)) Sury] JAI[eARD) ‘SO [BAIIUI Y Y 9FLIOAL UOIBIADD PIepuels ‘NN VS {[eAIUL Y JO UONHRIAID pIepuels ‘NNJS (Aouanbaiy moj Jo Suizijewiou
‘nug7 ‘Kouonboiy ySiy jo Surzijewou ‘nuy ‘orer Aouonboiy y3iy pue Aousnbaiy mo[ JH/AT (Aousnbary mof ‘47 ‘Aouonboiy ySiy “JH (AN[IqeLIBA 9B JIedY ‘AYH :SUOIBIAQIQQY

(01=u) s30p Aypyjeay

wo)sAs snoAadu 950NN ‘NNVAS ‘NNAS T » (0z=u) "gIND eruadoiLo jo aseyd

(6107 “Te 10 1ddr,y  oneyredwiAs oy Jo uone[NWINS YSNOIY) ddUe AMH Pposea1oap pey UTBWIOP QW) 3Y) UI PAZAJeUR  OTUOIYD B AqQ PAIOI[Je SIUBD BIYDI[IYL

00SaYOURIJUBID)) -[equI orwiouoine 03 Spea] N dtuadojA)  uonoJuI SIued BIYIIIYF YIM sSo(] pue paIojiuowt AYH INOY-47 10J Kesse YD 2Aanisod ypm sSog
UAIYNY uonejadidyuy Surpuy 19)owered ANH POYIIA P3921g/IPPOIN

(7u0)) SuLIojIUOW JUSW)BAI) 10J AYH JO Sosn [edrur)) L d[qel,

214

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




VETERINARY INTEGRATIVE SCIENCES

CONCLUSION

HRYV 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.
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