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Abstract: Heart rate variability (HFNV) is the fucmarion in the inerval barween heartbeats, reflectine the activiry of the ausonomic nervous system
i servine a5 2 prosostic mdicator i Canine Candiouasculas diseases. Mvsomatons piral vaive disease (MDMVI) i the eacie: chronic candisc
iderty dogs, often leading t conestive heart failie (CHF). MMVD alters the balance of autonomic regrilztion of the
heart, resulting in increased synpathetic acavify and decreased vagal tome, Which Can azgTaVate vEDOus congsstion and accelerate disease
is, using linear and nou- lineer methods, allows the assessment of the autonomic finction of the heart and the identification.
ions. Stdies show reduced RV in dos with CHF is associated with disease severity, highlizheing the importance of monitoring
HEV to predict monality and guide therspeutic imerventions. The literstire mmm}:ﬂm 155D indicate parasympethetc tone, while
the LF/EF ratio reflects sutonomic balance. Phammscolosical and non-phammacol reatments. such as moderate exercise, have been shown
0 inmprove awonomic modnlation i does with MAMVD. Understanding the mﬂnum—nn]mul ‘mechanisms of MMVD and CHF is crucial for

clinical mumagement. HFV assessment, despite ifs Limitations, is 3 valusble tool for indsrstanding disease progyassion and thermpeutic
interveations, Theefore, ,thi iteranw review aims fo provide metbods for sssessing FRV and relevant studies covering RV and dogs wits
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Absstract: Heart rate variability (HFEWV) is the floctoation in the interval between hearthests, reflecting the activity of the swonomic nervous system
and seTving as a prosnostic indicator in canine cardiovascalar diseases. Myxomatous mitral vahve disease (MMVIN is the leadine chronic cardisc
condifion in small and elderly dogs, often leading to congestive heart fHilwe (CHF). MMMVD alters the balance of sutonornic regulation of the
heart, resulfing in incressed sympathetic acdvity and decreased wagal tone, which can aggravate venous congeston and socelerate disease
progression. HEG analysis, using linear and non-linesr methods, allows the assessment of the antononiic fimetion of the heart and the identification.
of sarly dysfimctions. Smdiss show reduced HEV in dogs with CHF is associsted with disease severity, highlighting the importance of monitoring
HFW to predict monality and goide therapeutic imterventions. The literamre reveals that SDMNM and V55D indicate parasympathetic tone, while
the LF/HF ratio reflects autonomic balance. Phammacolozical and non-phammacological meatments, such 25 moderate exerncise, have been shown
o improve sEonomic modnlaton m dess with MMVD. Understanding the pathophvsiolosical mechamisms of MMVD and CHF is cucial for
clinical manazement. HEV assessment, despite its imitations, is a vahible tool for mderstandine disease progression and optimizing therapentic
interventions. Therefore, this literatore review aims o provide methods for assessing HEW and relevant smdies coverng HFEV and dogs with
Kevwords: surnomic belance: chronic vabve degenertion: congestive haar fibms: prognosis, reament

1. Introduction

Heart rate vanability (HEV) 15 the fluctuation in the fime interval between heartbeats, influenced by the actmaty of the autoncmme
pervous system (ANS) on the heart. This vanaton can provide valuable insights into prognosis and help predict mortality nisk from
ammal cardiovascular diseases. HEV mndices are caleulated indirectly and non-imvasrvely by anzlvzing electrocardiographic
recordmes, which can vary from short (3 to 30 mumutes) to long (24 howrs). The measurement of HEV can be paformed using both
linear methods, the most commonly uhhzed, and non-lmear approzches. Vanations in these indices are regarded as early and
;ensn:mzmﬂﬂsufmdﬁﬁmmmmmﬂhngampmgnﬁmmwmmmdndcmdmwﬂd 2018).

In small and elderly dogs, myxomatous mutral valve disease (MMVLY) 15 recogmized as the leadng chronic acqured heart
condition, aceounting for approcmately 75% of heart disease cases in this species. The highest prevalence of MMVD ocours m
smzll breed dogs aged between 10 and 19 vears (Pascon et al, 2021). The disease progresses slowly, and many dogs mav remain
asymptomatic for several vears, or even throughout therr lives. However, senous complications can anse as the disease advances,
leading to the development of congestive heart farhwre (CHF) (Petrus et al, 20207,

MMVD can disrupt the balance of cardiac autonomae regulafion by chromically activating neurobumeral mechani=ms to restore
cardize output (OO, This actrvation mvelves compensatory neurohumoral svstems, such a5 the autonomic nervous system (ANS)
and the renm-anmotensin-aldesterone system (FAAS), which results m decreased vagal tone and increzsed sympathefic tone to
maintan O (Baisan et al., 2021). However, the prolonged actvation of these mecham=sms worsens venous congestion, eventually
leading to CHF. Addihonally, the chronic merease m sympathefic nervous system (SN5) activity accelerates the progression of the
disease through vanous pathways (Marn-Neto & Smmdes, 2014).

Therefore, acknowledzimg the presence of cardiac autonomue mnbalance 15 essenfial to providing a more precise prognosis
concerming the disease and evaluating the nsk of mertahity. In dogs, there is no scientfic consensus regarding the 1mpact of primary
condiions on heart rate vanabihity (HEV), with most mformation stemmmimg from limated studies or findings extrapolated from
buman heart disease. This hterzhure review outhnes the primary methods for assessing HREV and the studies conducted on HEV n
dogs with MMVD, the most prevalent beart condition in veterinary cardiology:

1. Development

1.1. Cardiac autonomic contrel and congestive heart failure

The ANS regulates the body's phy=iolomical processes under normal and pathological conditions (Vanderlen et al, 20097, It
consists of extinsic and minmsic ganghon cells, formmg sympathetic endings in the myocardium and parasympathetic En.dmgsm
the sitms node, atnal myocardium, and amoventienlar node (Pfenmiger, 2019) (Figure 1), In terms of cardiac regulation, the ANS
1z responsible for controlling the pumping frequency and fimetion of the heart, adaptng these funchons to the metabolic and fissue
demands encountered by anmmals dwing their daily actvifies. This system rebes on information from pressure baroreceptors,
chemoreceptors, atial receptors, ventricular receptors, modifications m the renin-anmiotensin-aldosterone system (FAAS), and the
thermoregulatory system. Through afferent details and complex interactions between stimmulation and inlubition, sympathetic and
parasympathetic tone responses are modulated, influencing heart rate and adjusting to immediate needs (Branddo of al., 2014).
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Figure 1 - Sympathetic and parasympathetic inmsrvaton of the heart.

Svmpathetic nerves have a positive chronotropic (contractile frequency) and motropic (confractile foree) effect, while vagal
fibers produce opposing effects. The chemucal mediators responsible for these autonomic achons—oorepmephrnine and
acetvlcholine—act on specific adrenermic (sympathetic) and cholinergic (parasympathefic) receptors on effector cells. This
interacton results i an nregular physiological heart rhythm, reflecting the autonomuc balance within the sinus node (Champéroux
ef al, 2018). This balance fluctuates based on vanous factors, including wakefulness and sleep, body posture, physical traming,
stress, respiration, fluctuations in blood pressure, the remn-anmiotensm-zldosterone system (RAAS), and pathological condiions
{Billman 2011}

CHF is charactenzed by the cngoing interaction between cardiac muscle dysfiunction and neurolmeral mechansms that become
actrvated as a compensatory response. These mechanizms, such as the activation of the SM5, can help mamtain blood flow despite
decreased cardiac function. However, prolonged sympathetic hyperactivity leads to mimerous functional adaptations of sympathetic
racepw’anddnectwmﬁcﬁmcmmmhmgmmwrmddmgufﬁem&xchmmdam
decline mn venmeular systolic funchon (Florea & Cobln, 2014). The hyperactivity of the SNS observed in heart failure patients anses
from increased sympathetic nerve discharge and more sigmficant catecholamime release from the adrenal medulla. Understandins
these mechanizms 15 crueial for mproving the treatment and meonitonng of patients with CHF (Mann-Neto & Simdes, 20143

The proper finchiomng of the autonomic nervous system (ANS), m synchrony with all other systems, 1= essential to ensure that
the organism can restore normal funchons after penods of stress and respond to pew events. Thes 1s why all mformation regarding
autonomue behavior 15 fimdamentzl for understanding other potential pathophysiological processes. In this confext HEV has been

used to measure heart rate vanations mfluenced by the ANS. This allows for evaluzting the body's ability to respond to both external
and infernal stmml and identifymg possible ANS dysfunchions that could lead to cardiovascular diseases and other clnical

condiions (Champéroux ef al., 2018).
Many studies recogmize the significant relafionship between the AMNS and cardiovaseular mortality, including sudden death. HEW

belps assess the balance between sympathetic and parasympathetic mfiuences on heart rhyvthm. enabling a non-invasmee evaluation
of autonoumme modulation on the heart, and can therefore serve as a prognostic indicator for certam cardiac and systemmue diseases.
Changes m HEV patterns provide an early and sensitive mdicator of comprommsed health. High heart rate vanability indicates zood
adaptabality, indicating a healthy indradual wath well-finchoning autoromic control mechamsms. Comversely, lower varability
often mdicates abnormal and meufficient adaptability of the autonomue nervous system, suggesting the presence of a physiclogical
malfinetion m the individual (Tamlov et al, 2015) scIENcE
1.2, Analysiz of heart rate variability
HFEV is assessed using the electrocardiogram (ECG) and mvolves the analysis of periodic and non-peniodic oscillations betwean
consecutrve heartbeats (MM intervals) (Figure 2), influenced by the inferachion between the parasympathetic nervous system (FNS)
and the sympathefic pervous system (SNS5). Changes in HEV patterns serve as senative and early mdicators of potential
cardiovascular health issues, as well as helping to stratify the nzk of mortality m patients with heart disease. It 1= a sigmificant and M h/2025
valuzble techmique for prEw.'Enjing and early diagnosing cardiovascular diseases (Tiwan et al., 2021). With the mmplementzton of a rc
computer-aided HEV analysis, it has become a relatively straightforward and non-imvasive test for examinmg awtonomic fimetion
of the heart (Boguchs & Neszezyk-Nowak, 2017).
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High HEV indicates good adaptability, suggesting a bealthy indridual with well-finctoning autonomic control mechanisms.
Conversely, lower vanability often reflects abnormal and meufficient adaptzbility of the ANS, mdicating a phyziclogical
malfinction in the mdmwidual that requires finther investization for a specific diagnosis (Pumprla et al., 2002). In patients with CHF,
HEV 1= migmficantly reduced, which comrelates with the seventy of CHF and ifs prognesis. The underlying physiological mechanism
for the decrease m HEW 15 hkely an alteration in the cardiac sympathetic-parasympathetic balance, charactenzed by 1elative
sympathetic donunance, probably due to reduced parasympathetic activity. HEV estmation provides progoostic information beyvond
traditional nsk factors, bemg able to predict sudden cardiac death in patients with chrome CHF (Florea & Cohn, 2014).

Detaled HEV analyzis can be conducted using linear and non-linear methods. Linear methods are the most commenly used,
inchiding tme-domain analy=is (stafistical and peometnc indices) and frequency-domam analysis (spectral analysis of ordered NN
intervals). Non-lmear methods mvolve analyzing fluctuations refined from trends, comelation functons, Hurst exponents, fractal
dimensions, and Lyapunov exponents (Taralow et al., 2015; Tiwan et al., 20210

Moreover, HRV can be assessed m both the long and short term (Pumprda et al, 2002; Shaffer & Gmsberg, 2017} Short-term
HEV 1= typucally caleulated over 5 munutes, using the magmtude of frequency components obtained through spectral analysis to
assess antonomic fimetion. Long-term HEV 15 caleulated usang normnal 24-howr mdices m the time domam | frequency domain, and
non-lmear index to predict mortabity nsk. However, there 1= a more significant difference between short-term and long-term HEWV
than ust the length of data collection. Short-term HEV data 15 generally recorded under controlled monitoring conditions. At the
same fime, long-term HEV better represents processes with slower fluctuations (e g, cwcadian thythms) and the cardiovasenlar
system's response to a broader range of emarommental stimmbh and workloads. Therefore, sheat- and ultra-short-term values are not
interchangeable with 24-hour values (Shaffer & Gmsberg, 2017).

Time domain HRV analysis

Time domain techniques are the most straightforward methods for assessing HEV; however, they provide less mformzton sbout
the pathophvsiological state of patents than frequency domain techniques. There are twe approaches to evaluating HEV in the time
domain: statistical methods and geometne methods (Shaffer & Ginsberg, 2017). Statsteal methods wvelve caleulzting indices
based on stafistical operations of MM intervals over a specific period. These parameters are derived from divect measurements of
regular MM mtervals or the differences between these infervals, measured in mulhseconds, which provide msights mto fluctuations
in cardiae eyeles (Billman ef al., 2015; Champérowx et al, 2018; Tiwan et al., 2021}, On the other hand. geometnic methods focus
on the geometne characterishics of the graph generated by HEV analysis, such as the range of data observed in FR hustograms
(Hezzel ot al.| 2018).

These methods uhhre mathematically staightforward techniques to measure the vanability i a confmuons electrocardiogram
over a predefined penod After editing to remove non-sinus beats and artifacts, the remamming regular RF mtervals are calculated
and subjected to simple statistical anabysis (Ballman et al., 2015}, meamng only the beats resulting from nommal electrical actvation
{onginating from depolanzaton of the sitms node) are meladed (Billman, 2011). Mumerous vanzbles can be dwectly caleulated
from the intervals and differences between mtervals, with all vanables in the fime and frequency domains analvzed using specific
software (Tiwan et al., 2021).

The statisheal vanables evaluated in the fime domam mehids:

+  Standard deviation of all NN mtervals (SDMI): This represents the dispersion of cardize cyele durztions around their mean

value, measured m mullizeconds {(ms) (Shaffer & Ginsberz, 2017), and 1= the most acowrate fime domzin mezsure uwsed

I v 30-40% of the SDNN magmtude 15 atimbuted to the difference between daytime and nmighttme NN mbervals
(Bullman, 2011}, It 15 a crucial measure of HEV becanse, mathematically, the standard deviation of subsaquent RR mtervals relates
to the vanance of HEV, which in tum reflects the total power of HEV durmg the recording period (Shaffer & Ginsberg, 2017).
Feduced SDMN values indicate dmumshed autoncmic meodulation of the heart, predommating either sympathete or
parasympathetic actmaty (Fujl & Wakao, 2003).

+  Standard deviztion of regular N mtervals obtained every 5 minutes (SDANN): This provides a smoothed version of SDMNN,
being less prone to edifing emors than SDNHN, as it reflects the average of several undred NN intervals, minimuzing the effects of
unedited artifacts (Billman 2011). Like SDMN, SDANHN 1= also a global HEV mdex, so its values can be mffluenced by the length
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of the ECG recording and the longest and shortest EF. miervals, varying based on the duwation of data acqusition (Boguchi &
MNoszeryk-Nowak, 201 7; Pmintr et al | 2017).

+  Average standard deviations of regular NN mtervals every 5 mumutes (SDMNI): This reflects the average changes between .
MM mtervals cccuming within five mumutes, sigmificantly comelating with SDNN and SDANM, as low and lugh HEV are global EiLk &
phenomena that affect all measures (Shaffer & Gmsherg, 2017).

j— -
»  Square root of the squared mean of consecutive NI intervals (xMSSDN: This measures the average vanaton of the mterval i
between beats. M50 15 the absolute count of differences between successive infervals more significant than 50 ms, and pMNMN30 15
the proportion of disagreements exceeding 30 ms (Billman 2011). EMSSD strongly corelates with the High Frequency (HF)
vanzble and, thus, with parasympathetic modulation (Shaffer & Gmsbeg, 2017). =r
+ % of regular consecutrve NI intervals with a difference greater than 50 ms (pMMN30): Each EF. mterval 15 compared to the b asfereme af il Wild Voo niue for
adjacent one, and the difference 15 caleulated. The number of adjoining mnterval compansons with differences =350 ms (MN30) 15 Rir Afestitswonernt of |itrriecs Farmubeleg
then obsarved. This number is divided by the number of compansons to obtain a percentage. Like EMSSD, piN30 estimates high- L e
frequency varations m heart rate and may relate to parasympathetic regulation of the heart (Billman, 20113
Another mdex indicating HEV 1o the time domam 15 vasovagal tone (VVII), 2 useful unconventional HEV mdex that can be
eanily caleulated m climcal settings (Perewa ef al, 2008). It quantifies lngh-frequency vanations in heart rate and can be derived
from ECG recordings using a somple mathematical formula, typically employing the natural logarithm of the vanance of 20
consecutrve B infervals acquired m a bref recording penod. In resting dogs, 1t can provide reliable imformation regardmg HEW,
serving as an excellent prosmostic mdicator alongmide HEV assessment, as it can indicate the probability of developmg CHE,
primanly mfluenced by parasympathetic tone (Bruller et al., 2017; Doxey & Boswood, 2004; Traufler et al., 2019).
The main geometric methods used in veterinary medicine include the tiangular mdex and the Lorenz graph (also known as the
Poincaré graph). The tiangular index 15 caleulated by constucting a density istogram of regular RR mtervals, which displays the
length of the EE mntervals on the honzontal axis (x-axas) and the frequency of each interval on the verfical axas (v-aas). The umon
of the histogram column pomts forms a tnangular shape, with the wadth of the tnangle's base represenfing the vanability of the RE
intervals. The tnangular index (corresponding to the base of the tangle) 15 caleulated by dividing the area (fotal mumber of RE
intervals used to construct the figure) by the height (number of ER intervals with modal frequency) of the tnangle. It closely
correlates with the standard deviation of all KR intervals and 15 not influenced by ectopic beats and artifacts, as they fall outside the
tnangle. The Pomncaré graph analyzes the dynamues of HEV, represenfing a time series within a Carfesian plane where each RE
interval comrelates with the preceding interval, defining a point on the zraph. Its analysis can be qualitative (visual) by evahiating
the attractor’s shape, which helps showr the complesaty of the RE. mtervals, or quantitative by adjusting the ellipse formed by the
attractor, vielding three mdices: SO (dispersion of pomts perpendicular to the ne of identity, representing mstantaneous HEWV),
5D2 {dispersion of pomts along the line of 1dentity, representing long-term HFV), and the SD1/SD2 ratio (the ratio between short
and long vanations of the BE mtervals) (Shaffer & Ginsberg, 2017; Vanderle ot al., 2009).

Frequency domain HRV analysis

Frequency domain measurements estimate absclute or relative power distnbution across four frequency bands. The Tazk Foree
of the Ewropean Socety of Cardiclogy and the Morth American Soctety of Pacing and Electrophysiclogy (1996) categorized HE
escillations into ultra-low frequency (ULF), very low frequency (VLF), low frequancy (LF), and kagh frequency (HF) bands {Shaffar
& Gnsberg, 2017).

Total power (TF) represents the total energy in the power spectium above 0.4 Hz and 15 divided mto fouwr distinet frequency
bands: 1 - high frequency (HF), rangng from 0.15 to 0.4 Hz, comresponds to respratory modulation and indicates the performance
of the vagus nerve in the heart; 2 - low frequency (LF), rangmg from 0.04 to 013 Hz, is mfiuenced by the zctions of both the vagus
perve and sympathetic components mn the heart, with a predominance of sympathetic actnaty, and has been associated wath the
baroreceptor and thermoregulatory systenys, vasomotor actvity, and the RAAS: 3 - very low frequency (VLE), ranzing from 0.01
to 0.04 Hz, is conmidered a marker of sympathetic actvity; and 4 - ulba-low fequency (ULF), rangimg from 10°-5 to 10°°-2 H=,

which does not have a clear phy=siological comespondence. The LFHF ratio reflects mwlative and absolute changes between the
sympathetic and parasympathetic components of the awtonommc nervous system (ANS), charactenizmg the autoncmue balance of the
beart (Billman et al., 2015; Vanderled et al., 2009).
Low-frequency vanables indicate changes related to baroreceptors and the FAAS. High frequencies are modulated by breathing
and controlled by the parasympathetic pervous system (Billman, 2011; Olwemra et al., 2014). The high- and low-frequency
components are named as such becanse the vagus nerve and sympathetic system send a kugher or lower frequency of mpulses to
the AN (Kleiger et al | 2005).
1.3, Limitations of using HRV analysiz
Awtonomic cardiovasenlar contrel is not merely the dominance of the SNS or PNS. It involves 2 complex mteraction through
vanous cireulatory reflexes such as baroreceptors, chemoreceptors, and the ANS. Addibonally, various melecular and hormenal
factors and central oscillations can influence HEV and contribute to the overzll complexaty of signals. Under different physiological
or pathological conditions, amy of these mechanisms may become dominant, inhibiting others, which can reduce the complexity of MarCh/2025
HEV and lead to a “somplification™ of cardiovascular control (Havano & Tuda, 2019; Tarzlov et al, 2015).
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HEV analy=is, regardless of the method used, does not provide a2 direct measure of autonomie cardiac actrvity but rather an
indirect one. Consequently, interpretations should be made qualitative rather than quantitatively (Billman 2011). One linutation of
time-domnam HEW 15 that recordings of different dumtions cannot be compared, as such recordings yield very different
measurements. Addibonally, all heartbeats evaluated must be “normal” (1.2, all ectopic beats st be excluded from the time seres)
to accurately reflect the effects of regulatory mechamsms on the smeanal nods. Purthermore, 1t 15 crueial to obtain hgh-quality
recordmgs; otherwise, the automatce identification of EF. mtervals by anakysis software may be flawed (Shaffer & Ginsherg, 2017).

Fegarding the WVWTL, 1t 15 a vanzble that may be considered madequate due to its short recording pened, which does not assess
the effects of circadian thythme, themmoregulation, blood pressure regulation, exercise, or the RAAS (Briller et al, 2017; Doxey &
Boswood, 2004; Trauffler et al., 201%) and prmarnly responds to respiratory vanations. Therefore, 1fs prognostic and diagnostic
power may not be comparable to other HEV indices (Pereira et al., 2008).

In the frequency domam the value measured for each frequency band depends on the duwration of the recording; thus, selecting
an appropriate recording duration 15 essential to ensure comparability of results (L1 et al |, 2019; Shaffer & Ginsberg, 2017). It is
important to note that although the LF frequency component has been widely used to estimate sympathetic modulation of the heart,
thas frequency band also contains parasympathetic mformation and data from other regulatory components. Therefore, some authors
suggest that the LF component should not be used as an index of sympathetic regulation (Billman 2011).

14, Analysiz of HEV in myxomatons valve disease in dogz

It 1= well estzblished that heart diseases lead to changes i the autonomue control of the heart, evidenced by an increase in HE
and a decrease m HEV (Obveira et al., 2014). The development of CHF secondary to MIMVD i= associated with 3 reduction i HEV
{(Bawsan et al, 2021; Olrverra et al |, 2012; Olrverra et al., 2014; Rasmmssen et al | 2012), as neurolumeoral actvation begins m anmimals
with MMVD when clinical signs of CHF appear (Borgarelll & Haggstrdm, 2010). In vetennary medicine, no established parameters
exist for each HEV assessment method, makmg it difficult to compare different methodologies, as recordings of varying durations
vield different measurements (Fermandas & Seara, 2021). Since 1996, mumerous studies have been conducted m different research
centers worldwide (Figure 3), explonng HEV and MWMVD using vanous assessment methods (Figure 4).
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Figure 3 — World map showing the locations (marked with green flag) where the main stadies on HEV in patients with MAVD wese camied
out. Image: Google® Maps, 2025,
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Figure 4 — MMain smdies reviewed, since 19946, imvolving the asseszment of HEW in patients with RV

A pronesrng study by Higgshdm et al (1996) evalnated HEV mn dogs with MMVD and found 2 decrease i vanability m
Cavalier Eing Charles Spamel (CECS) dogs with CHF symptoms compared to healthy dogs of the same breed, using the VVTI as
an evaluzfion tool. This study noted that anmmals with more advanced CHFE had sigraficantly lower VVTI values (p=0.001), with
the index decreasing as CHF seventy worsened, although without stahstical differences. A sigmificant comvelahion was found between
WWTII and HE. Ancther important observation was that VT assessments mmst consider the dog's stress durmg the exammation, as
highly stressed dogs may show reduced VVTI, highlighting the need for carefill handling during electrocardiosram procedures. It
was also noted that decompensated MMVD consistently reduces VWL, concluding that this techmique 15 more sensitve than
specific.

Using VVTI as an index for HRV evaluation, Briler et al. (2017} also found siznificant differences in dogs with MMVD showing
clmical signs of CHF, presenting lower VVTI values compared to asymptomatic pahents. It was observed that lower VVTI suggests
that asymptomatic patients may progress to CHFE. This stdy also found that patients with greater left anal enlargement (left
atmum/aceta rato =18, a5 seen on echocardiogram) had lower VI walues than those with soualler atria. Such findings are craetal
for chimical decision-makmg, as they relate VVTI to other prognostic mdices and suggest a reduction in parasympathetic fone dumg
CHF development. Another study assessed how NMNmean, SDINM, tMSSD, and VVTI respond to vagal siomulation through digital
ocular compression. Unlike the asymptomate groups with and witheut cardiac remodelms, the group of dogs with symptomatic
MMVD showed no response to the stimmlus, indicated by the absence of changes m all varables. This finding suggests not a lack
of vagal activity but rather 2 dimimished response to parasympathefic stinoull n these patients. The absence of difference betwesn
the asymptomatic groups supports the theory that some degree of autonomie mnbalance precedes climical evidence of cardiovaseular

disorders (Briler et al , 2018}
In another study, Rasmussen et al. (2012) compared HEV at different stages of MMVD m CECS and other breeds, finding no
significant differences between them. However, 1t was noted that in more advanced stages of the disease, HEV decreazes due to an
increase In mininmm and average heart rate. The study concluded that there 15 2 reduction in SNS activity, as seen in the decrease
of the HF vanable, and the LF vanable also decreased indicating a change in cardiae autonomue balance in more advanced disease
stages, regardless of bread.
In the study by Oliveira et al. (2012), dogs with CHF secondary to MMVD showed decreased values m HEV vanables in the
time domain, specifically phI50 and SDANMN, indicative of parasympathetic tone. This suggests that changes in HEV in these cases MarCh/2025
may result from parasympathetic withdrawal rather than an merease in sympathetic tone. These results underscore the importance
of understanding the pathoploriological mechamsms imvolved m MMWMWVD and CHF to develop new therapeutic strategies.
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Anmmals with MMVD exhibited a significant reduchion in total power, representing overall HEV, compared to controls. Only
sick dogs and those with heart faihare showed an merease in heart rate, prolonged tachyeardia relative to bradyeardia, a reduced
high-frequency mdex (indicative of parasympathetic control), and an elevated lowr-frequency mdex (indicative of sympathete and
parasympathetic control) compared to controls (p=20.05) (Oliverra ef al., 2014). However, 1t was impossible to confirm whether there
is a reduction in the mfluence of the parasympathetic nervous system (FINS) or an increase m the mmpact of the SNS5 on the smus
node m CHF development, as the changes observed correlate with both sympathetic and parasympathetic control.

In assessing HEW m asymptomatic ammals m stages Bl and B2, Ponfr et al. (201 7) identified early prechmcal changes m ANS
actvity and some mutial changes in HEV m the frequency domain such as the HF wvanable, wiich preceded changes
echocardiographic and radiographic exammations compared to healthy animals. The same study also found that symptomatic
animals had sigmificantly lower HEV values. After clmical signs appeared, the SDMNM and rMSSD vanables were lower, mdicating
vagal tone withdrawal. Ammazls mn stage C extubited SNS actvation, a5 reflacted by an mereased LE/HF ratio (Baisan et al., 2021).
These results suzgest the mportance of evaluating HEV m anmmals wath MMVD, both m preclinical and symptomatic stages, to
understand disease progression and therapeutic interventions better.

Another aspect studied in patients with MMVD related to HEV is its correlation with mertality. A study by Lopez-Alvarez et al.
(2014) found that dogs with MMWVD show an increase in heart rate and a decrease mn HEV m the vear leading up to death. These
changes were most pronounced in dogs that died or were euthamzed due to heart disease. These findmgs suggest that HEV analyvzis
may be a valuable tool for monitonng the prosression of heart disease in dogs with MMVD, facilitating early imtervention and
IMProvInE Prognosis.

Finzlly, 1t 1= essential to mention some studies commelating HEV m patients with MMVD who underwent vanous treatments,
whether pharmacological or not (Figure 3). In one study, dogs in stages Bl and B2 treated with enalapril for 14 days showed
increased cardize autonomic medulation, evidenced by the rise mn the SDNI mdex. Additonally, LF decreased while HF mcreased,
suggesting an increase m parasympathetic tone relative to sympathetic tone dunng short-term therapy (Chompoosan et al., 2014).
Another study found that dogs wath stage Bl and B2 MMVD treated with sildenafil also exbubited mereased cardiac autoncome
modulahon, mdicating that the 1ise n parasympathetic activity swpassed sympathetic activity, supported by mereases im NM, SDRM,
piIMN30, and S50 m time domain parameters, as well as LF, HF, and total power in the frequency domain (Piintr et al., 2017).
In research by Beluque et al. (2021), dogs wath stage C MMVD treated with the beta-blocker metoprolol, combmed with standard
treatment for 30 davs, showed an merease m the pMIN30 vanable assessed through 24-hour Holter momtonng, mdicating more
sigmificant vagal predopunance after treatment. However, other HEV vanables in the time domam did not show sigmficant changes.
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Figure 5 — hain studies reviewed mwvolving the assessment of HEW in patients with MWVWVD undergoime diffsrent meatments.
The evaluation of HEV in symptomatic MMVD patients m response to therapy with pimobendan, furosemide, and enalapril for
six months revealed that patients had lower values m time domain indices (SDNM, MSSD, and pMNN30), low frequency, lugh
frequency, and total power, along with a higher LF/HF ratio after therapy, with these vanables mereasing significantly. Furthermore,
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the findings mdicate that dogs with CHF secondary to MMMV exhabit low HEV due to parasympathetic tone withdrawal or increased
sympathetic sctivation, and the instituted treatment can improve cardiac awtoncrme modulation (Piantr et al | 2023)

Additonzlly, phyaical taming invelving moderate exercises (such as walkng three times a week for 30 to 50 munutes over eight
weaks]lmdugs with asymptomatic MMVD restored the autonomue balance of these anmmals, as demonstrated by HEV vanables in
the tume domain (FMSSLY) and frequency domain (HF) compared to untramed dng,:-,l:‘.-'a.landm et al, 2017}, suzgestng that ths

approzach can be beneficial m the non-pharmacological reatment of MMVD m asymptomatic patients. e =
e w H HV P
Heart rate vanability (HEV) has been recognized as an essential marker of autonomie zctivity in dogs with chrome matral valve =

disease (MMVD). Recent studies prove that HEV reduction ocours m patients with congestrve heart falhare (CHF), as demonstrated
by vanous evaluated vanables. It 15 increasingly clear that, m these stages, there 15 a reduction m the action of the parasympathetic
pervous system (FHNS) on cardiac autonomic balance. In the early stages, in asymptomatic dogs, there is stll no scientific certamty
regardmg the cecwrrence of HEV reduction. Furthermore, pharmacologiczl and non-pharmacological freatments, such as exercise
traimmng, can enhance cardiac autononee modulation and increase parasympathetic activity in dogs wath MMVD. Understanding the

pathophy=siclogical mechamsms myvohred m MMVD and CHF 15 essential The assessment of HEV m animnals wath MMV, despite
its limitztions, serves as a valuable tool for better understanding disease progression, defermimmg prognosis, and mitatng
therapeutic mierventions.
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