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Abstract

Brachycephalic breeds possess higher vasovagal tone than do nonbrachycephalic breeds. Upper airway
obstruction impairs the inspiratory effort by reducing the normal parasympathetic inhibition that
occurs during this phase of the respiratory cycle. Sixteen dogs with nasal stenosis were included in
this study, and an analytical and progressive analysis of the evolution of Heart Rate Variability (HRV)
was performed at various time points: before the surgical procedure (day O), and after the procedure
on days 30 and 60. Surgical correction was performed using the vestibuloplasty technique, and HRV
analysis was recorded via prolonged electrocardiography. Further, an analysis of the time domain indices
was performed. Regarding clinical findings, an improvement in the average heart and respiratory rates
after rhinoplasty, as well as a reduction in parasympathetic tone and resultant bradyarrhythmias were
noted in all patients. Regarding the time domain HRV indices, Root-Mean of square sucessive NN interval
difference tMSSD) and Standard Deviation of all normal NN interval (SDNN) associated with the average
heart rate, compared at different time points, strongly suggested that the reduction in parasympathetic
stimulation was related to the reduction in HRV in these animals. The findings related to a reduction in
the frequency of bradyarrhythmias corroborate the interpretative analysis of Lorenz graph indices, where
there is a reduction in the cardiovagal index, without a significant alteration in the cardiosympathetic
indices throughout the study period. The rMSSD index is the early-altered time-domain HRV index that
can be used as an indicator of increase in parasympathetic activity caused by brachycephalic syndrome.
The present study aimed to evaluate HRV through prolonged electrocardiographic examination, observing
the excess of parasympathetic stimulation and the resultant bradyarrhythmias. In addition, evaluation of
the clinical consequences of increased parasympathetic tone and the possibility of an improvement in
autonomic balance following surgery, resulting in an improved quality of life and overall life expectancy
in these patients, was performed.
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Study of heart rate variability in dogs with brachycephalic syndrome that underwent rhinoplasty

Resumo

As racas braquicefalicas apresentam indice de ténus vasovagal maior que cdes nao braquicefalicos.
O processo obstrutivo de vias aéreas superiores prejudica o trabalho inspiratério reduzindo a inibicdo
parassimpatica normal desta fase do ciclo respiratério. Foram incluidos 16 caes com estenose de narinas,
onde realizou-se o estudo analitico e progressivo da evolucao dos achados da VFC em diferentes momentos,
antes do proedimento cirtrgico (dia O) e ap6s o procedimento em dois momentos, 30 e 60 dias. A correcao
cirargica procedeu-se por meio da técnica de alavestibulplastia e a andlise da VFC foi registrada por meio
da eletrocardiografia prolongada. Para este exame foi realizada analise dos indices no dominio no tempo.
Quanto aos achados clinicos houve melhora na avaliacdo da freqtiéncia cardiaca e respiratéria média
apos a cirurgia de rionoplastia, bem como reducdo da atividade parassimpdtica sob o Sistema Nervoso
Auténomo (SNA), no que diz respeito as bradiarritmias em todos os pacientes. Quanto aos indices de VFC
no dominio do tempo, rMSSD (Root-Mean of square sucessive NN interval difference) e SDNN (Standard
Deviation of all normal NN interval) associados aos achados da frequéncia cardiaca média, comparados
nos momentos distintos, trouxeram fortes indicios que a reducao da estimulagcdo parassimpatica esta
relacionada a reducdo da VFC nesses animais. Os achados relacionados a reducdo das bradiarritmias
corroboram para a andlise interpretativa dos indices do grafico de Lorenz, onde ocorre reducdo do indice
cardiovagal, sem alteracdo significativa dos indices cardiosimpaticos ao longo do estudo. O TMSSD é o
indice de VFC no dominio do tempo que precocemente alterado pode ser utilizado como indicador do
aumento da atividade parassimpatica causada pela Sindrome Braquicefélica (SB). O presente estudo tem
por objetivo avaliar a VFC, por meio de exame eletrocardiografico prolongado, observando o excesso da
estimulacao parassimpatica no que tange a ocorréncia de bradiarritmias e suas consequéncias clinicas, e
apossibilidade de melhora do balanceamento autonémico apés o tratamento, aumentando a qualidade
e expectativa de vida destes pacientes.

Palavras-chave: doenca das vias aéreas, sindrome do braquicefalico, balanco autonémico, caes.

Introduction

Brachycephalic syndrome is characterized by a combination of primary anatomical soft tissue
deformities involving the upper airways. This set of abnormalities leads to increased resistance
tothe passage of air through the upper airways due to the obstruction and a consequent increase
in the amount of negative pressure required for inspiration, which translates clinically into
respiratory distress.

Animals with the above mentioned malformations and chronic respiratory disease tend to
develop increased vagal tone secondary to the airway obstruction, triggering bradyarrhythmias
such as sinus bradycardia and sinus arrest. The assessment of heart rate variability (HRV), or the
change in heart rate over time, indicating autonomic modulation of the heart, is related to the
prognosis and determination of the risk of death in some conditions, as well as to the somatic
control over the variable intrinsic and extrinsic factors to which organisms are exposed.

In brachycephalic dogs, once surgical correction of the obstructed airway has been performed,
the reestablished airflow reduces respiratory work and the resulting hypoxia, which may be
reflected by a significant improvement in HRV.

The aim of this study was to determine HRV via prolonged electrocardiography in dogs with
brachycephalic syndrome undergoing rhinoplasty.

Materials and methods

Study location

The study was conducted at Small Animal Veterinary Hospital - Universidade Federal Rural do
Rio de Janeiro, where the clinical and complementary examinations, as well as the rhinoplasty
procedure, were performed. Biochemical and hematological analyses as well as antigen detection
for Dirofilaria immitis and microfilaria screening were performed at Clinical Pathology Laboratory.

Inclusion and exclusion criteria

Animals that met the following inclusion criteria were selected: patients with brachycephalic
syndrome with nasal stenosis diagnosed upon visual inspection, and without any excluding factors
(structural heart disease, pathological arrhythmias, and heartworm disease, as well as endocrine and
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respiratory comorbidities); patients between six months and five years of age, regardless of their gender
and reproductive status (Moraes, 2012). A representation of nasal stenosis is provided in Figure 1.
Our study excluded animals that possessed such comorbidities as: respiratory disease diagnosed
on chest X-ray imaging; cardiac disease, with the exception of cor pulmonale, diagnosed on Doppler
echocardiography; blood dyscrasias that prohibited the surgical procedure; alterations in the renal
and hepatic serum biochemical profiles that prohibited anesthesia; or infection with Dirofilaria
immitis. A request for removal from the study by the owner also led to exclusion of the animal.

Figure 1. Anesthetized patient, positioned in prone position, showing nostril stenosis, moments before the
rhinoplasty surgical procedure (Source: Personal Archive).

Clinical evaluation

Initially, the animal was acclimatized to the office and, for this purpose, remained for at least
20 minutes in an exam room, near the examiner. This allowed the animal to adapt to the location
and to the presence of the examiner. During this period, anamnesis was performed and the owner
was asked about the previous history of the animal.

After completing the questionnaire form, we proceeded to the measurement of systemic
systolic blood pressure, using the noninvasive technique with the aid of a Doppler apparatus,
sphygmomanometer, and veterinary cuff. Measurements were performed by the same operator
each time, following consensus recommendations for systolic blood pressure measurements
(Acierno et al., 2018). At the end of this stage, the animal was physically examined and the vital
parameters were measured. Cardiac and pulmonary auscultation was performed.

Laboratory tests

To obtain the blood sample, puncture of the cephalic, saphenous, or jugular vein was performed,
using proper aseptic technique. Five ml of blood was collected and the sample divided into two
tubes, one with and one without anticoagulant, and both were stored under refrigeration. From
the sample collected, a complete blood count was performed as well as serum biochemical
analysis including renal and hepatic indicators. The blood sample was tested for the presence of
antigens to Dirofilaria immitis via the Snap 4DX® Plus test and for the presence of microfilariae
by the modified Knott method.

Preoperative Electrocardiogram (ECG)

The heart rate was assessed via electrocardiographic examination, during which the animal
was positioned in the right lateral decubitus position, with the help of its owner. Alligator-type
electrodes were properly positioned on the thoracic and pelvic limbs, according Tilley (1992).
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The exams were performed with the aid of a digital electrocardiography device, connected to
a computer to allow visualization of the electrocardiographic tracing. The tracing was recorded
for a period of 3 minutes; then, printing and analysis of the data were performed according to
established reference values (Tilley, 1992).

Doppler Echocardiography (ECO)

The thoracic region of the animal was trichotomized bilaterally, and then, conductive gel was
applied to the probe to allow performance of the examination. The animal was restrained by the
examiner and a staff assistant. Patient positioning was in left lateral decubitus, without the use
of sedative medications.

Examination involved the use of a Doppler echocardiographic device and two sector transducers.
Each examination was performed by a single investigator, who did not have access to data
acquired in the stages prior to the echocardiogram.

For the Doppler echocardiographic evaluation, previously recognized quadrants were evaluated in
order to allow measurement of the size of the cardiac chambers, assessment of valve degeneration,
and Doppler evaluation of the pressure gradient of the pulmonary and aortic flow (Boon, 2005).
The ejection fraction and shortening fraction were measured following the Teicholz technique.

All patients that met the inclusion criteria underwent chest radiographic evaluation to identify
signs of congestive heart failure and concomitant respiratory disease. Thoracic radiographs were
obtained in three positions: right lateral, left lateral, and ventral-dorsal, in order to allow evaluation
of the cardiorespiratory system. All images were obtained using conventional radiographic
apparatus and a digitizer.

Extended electrocardiography

An electrocardiographic device from the manufacturer InPulse® was utilized, and the electrodes
were attached to the patient, according Tilley (1992). The animal was restrained by a trained
professional, with assistance provided by the patient’s investigator. After the end of the 5-minute
period, the equipment was removed and the data were saved for further analysis.

The parameters evaluated were the minimum heart rate, average heart rate, maximum heart
rate (Figure 2), number of QRS complexes present during the 5-minute monitoring period, and
the time domain HRV including Standard Deviation of all normal NN interval (SDNN), Standard
Deviation of the Average NN interval (SDANN), Root-Mean of square sucessive NN interval difference
(rMSSD), and nonlinear findings (Approximate Entropy - ApEn, cardiosympathetic index - CSI,
cardiovagal index - CVI, alfa 1 and alfa 2) (Figure 3) (De Giorgio et al., 2010).
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Figure 2. Heart rate variability, showing the R-R (arrowhead), minimum (arrowhead), average (filled arrow), and
maximum (arrow) heart intervals (Source: Personal Archive).
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Figure 3. Heart rate variability, showing time indices (SDNN, SDANN-Mean, and rMSSD) (filled arrow), nonlinear
methods (ApEn, CVI, CSI, Alpha 1and Alpha 2) (arrow outline), and graphs of Lorenz (arrowhead) and Histogram
(arrow) of all record (Source: Personal Archive).

Experimental Design

Extended electrocardiography - Day O

Day O was established as the day the electrocardiographic recordings for HRV analysis were
obtained. The patients were positioned in the right lateral decubitus position, and restrained by
the investigators themselves after bilateral thoracic region trichotomy was performed.

The prolonged electrocardiographic examination was performed using an InCardio® recording
device and was analyzed using proprietary software. The patient was positioned in right lateral
recumbency and was restrained by the investigator and a trained professional. The same
investigator was used each time. Following trichotomy and sterilization with 70% ethyl alcohol,
alligator clips were applied to the thoracic and pelvic limbs of the animals and were coupled with
thelead electrodes. After fixation of the electrodes in the predetermined locations, the recording
was begun, during which time the animal remained with its guardian. The examination was
performed over a five-minute period. and any cardiac events that occurred were recorded.

After the recording period ended, the electrodes were removed and the data were compiled
for further analysis. The same animals then underwent the same process, 30 days and 60 days
after the surgical procedure was performed to correct nasal stenosis.

Surgical procedure

The surgical procedures were performed on day O, following the previously described clinical
evaluation and surgical screening. Shortly after the prolonged electrocardiography was performed,
the patients were directed to an air-conditioned room free of stressful stimuli, where they were
prepared for the anesthetic procedure.

Intravenous catheters were placed and fluid therapy was begun. Intravenous morphine (Img/kg)
was administered as a Pre-Anesthetic Medication (PAM). As the PAM began to take effect, the
patient was directed to the operating room, where the surgical preparation continued. Intravenous
propofol (3mg/kg/IV) was then used to induce anesthesia. Anesthetic maintenance was achieved
with isoflurano (1,5%) in oxygen. Following trichotomy and aseptic preparation of the surgical
region, the patient was positioned in sternal decubitus with the head slightly raised. The facial
area was covered by a sterile field cloth, allowing visualization of only the region of the nostrils.

The surgical procedure consisted of excision of the wing portion of the hypertrophied nostril
responsible for the stenosis (Fossum & Duprey 2005), thus freeing the opening of the nasal cavity.
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The vestibuloplasty technique was used, employing an iodine laser device with an infrared
wavelength.

After the procedure was complete, the isoflurane supply was stopped and the animal was
allowed to awaken. Meloxicam (0,2mg/kg) was administered intravenously for postoperative
pain control. The patient was discharged from the hospital occurred after acomplete anesthetic
recovery, with stability of the vital signs including, body temperature, heart rate, respiratory rate,
and systolic blood pressure.

Dipyrone (25mg/kg) was prescribed for oral administration every 8 hours, for 3 days.
Oral cephalexin (20mg/kg) was prescribed for administration every 12 hours for 10 days, as well
as 1 ml beclomethasone dipropionate diluted in 3 ml saline (0,9%) to be used for nebulization
twice daily for 7 days. An anti-infectious ointment containing urea, gentamicin, sulfadiazine,
sulfanilamide, and vitamin A, used to stimulate epithelial healing, was dispensed for application
to the nostrils, after cleaning with saline and gauze, twice daily for seven days.

Surgical evaluation was performed 7 days postoperatively, when all physical examinations
were repeated.

Extended electrocardiography - Day 30 and 60

On days 30 and 60 after the first evaluation, prolonged electrocardiography was performed
to allow comparison of HRV in animals at different time points (days O, 30, and 60). This was
performed on the same patients with the same investigator, under the same conditions, and
using the same methodology.

Statistical analyses

From the collected information a database was created using the Microsoft Excel® 2013 program,
and all relevant descriptive statistical data as well as a comparison of the variables were analyzed
using the BioEstat version5.3® program (Instituto de Desenvolvimento Sustentavel Mamirauad).

Data normality was verified using the Shapiro-Wilk test. The Dixon test was used for the
recognition and exclusion of values discrepant from the normal distribution. The statistical
procedure used for comparison between groups with quantitative variables was the one-way
ANOVA with the Tukey post hoc test. The significance index adopted for the analyses was p < 0.05.
All data were presented as mean + SD (Sampaio, 2002).

Results and discussion

The experimental design of the present study allowed the comparison of HRV indices between
animals with upper airway obstructions before and after rhinoplasty, comparing moments
in these patients over time (Kleiger et al., 2005), under the hypothesis of reversing a possible
autonomic imbalance on the heart.

To this end, it was necessary to adopt as an inclusion criterion upper airway obstruction,
particularly nasal stenosis, which is easy to measure being based on the physical evaluation
of the patient. This has been widely used in the clinical diagnosis of upper airway obstruction
Bofan et al. (2015).

Since nasal stenosis was the first criterion used for selecting the animals that would constitute
the experimental group, other demographic data such as breed, sex, and reproductive status
were not set as selection criteria.

Asa criterion for inclusion of the animal in the study, nasal stenosis was required to be present
as the key manifestation of brachycephalic syndrome. The objective of selecting this criterion was
to screen animals that presented with rostral obstructions, that could, after surgical correction
and the reestablishment of airflow through the nasal passages, reflect an improvement in the
autonomic influences on the physiological mechanisms that contribute to HRV.

In the physical examination, a significant difference was observed in the heart rate between
day O and days 30 and 60 following rhinoplasty. This finding is expected due to a decrease in
vagal stimulation that reduces the inhibitory effects on the sinus node (Bosquet et al., 2007).

There was also a trend towards Heart Rate (HR) stabilization when comparing values from
days 30 and 60. It is believed that this finding is related to the fact that there is a reduction in
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parasympathetic activity by the vagus nerve after surgery, reducing the degree of respiratory
influence on the sinus node in dogs. There will not necessarily be an increase in sympathetic
activation as a result of this mechanism (Goldvberger, 1999) (Table 1).

Table 1. Heart rate distribution, in beats per minute, recorded during the physical assessment of brachycephalic
dogs, from January 2018 to December 2018, in the city of Seropédica, before (day O) and after the rhinoplasty
procedure (days +30 and +60).

Day
Heart Rate
0 +30 +60
Average (bpm) + SD 120 £12.112 142 +11.83° 138 +7.18"

Different letters along the lines (a” and "b") correspond to the statistical difference at the 5% level. bpm: beats per minute; SD: Standard
Deviation.

When analyzing the respiratory rate in dogs with Brachycephalic Syndrome (BS) before and
after surgical correction, it was noted that preoperatively, the patients displayed higher values. This
result is consistent with that expected in an animal with an upper airway obstruction, where the
increased respiratory rate results from an attempt to improve oxygenation. Inspiratory dyspnea
results in a breathing cycle that is shorter and faster than normal (Park et al. 2008) (Table 2).

Table 2. Distribution of respiratory rate, in movements per minute, recorded during the physical evaluation of
brachycephalic dogs, from January 2018 to December 2018, in the city of Seropédica, before (day 0) and after
rhinoplasty procedure (days +30 and +60).

Day
Respiratory Rate
(0} +30 +60
Average (rmpm) + SD 39,25 + 4,522 35,37+3,48° 34,31+4,58°

Different letters along the lines ("a" and "b") correspond to the statistical difference at the 5% level. rmpm: respiratory movements per
minute; SD: Standard Deviation.

It is a fact that the respiratory rate and breathing pattern can be used to identify obstructive
airway diseases (Paiva, 2005). From the data collected in this study, we can infer that the respiratory
rate was sensitive to several anatomical variables, among which is the upper airway obstruction
that directly influences the type and rate of respiration (Rozanski, 2015).

Theresults of the study of Heart Rate Variability in the comparison of the time domain indexes
of this tool (SDNN, SDANN, MSSD) and the minimum, average and maximum heart rates (HR),

being the average of the group “n", before and after rhinoplasty treatment are presented below
(Table 3).

Table 3. Mean and Standard Deviation of Time Domain Heart Rate Variability and Minimum, Average and
Maximum Heart Rate measurements of animals before (day O) and after rhinoplasty procedure (days +30 and +60).

Day
Variables HRV
0 +30 +60
SDNN (ms) 146,95 + 83,46° 105,88 +55,81° 93,68 +49,24°
SDANN (ms) 529,12 +120,36* 481,53+ 84,63" 480,21+76,67°
rMSSD (ms) 186,54 +137,852 120,59 + 73,68 117,85 + 80,89
Minimum HR (bpm) 6725+ 27,14* 64,43+19,51* 62,31+17,07*
Average HR (bpm) 119,18 + 30,06* 127,68 + 23,60° 127,56 + 21,79*
Maximum HR (bpm) 183,93 +29,14* 192,75 + 42,02* 18743 + 33,54*

HRV: Heart Rate Variability; SDNN: standard deviation of all normal RR intervals of the exam; SDANN: standard deviation of means of
normal RRintervals measured every five minutes; rMSSD: square root mean of the sum of the squared difference of normal RR intervals
adjacent to the whole examination; HR: Heart Rate; SD: Standard Deviation; ms: milliseconds; bpm: beat per minute. Different letters (a"
and "b") along the same line indicate statistical difference at 5% level. Asterisks (*) along the same line indicate no statistical difference
atthe 5% level.
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Only a short time after surgical correction of the nasal stenosis, the three HRV indices showed
areduction in values when compared to the time before treatment. However, this reduction was
only verified in the SDNN index, when its value on day O was compared to the values obtained on
days 30 (t=2,75; p=0,0145) e 60 (t=2,42; p=0,0281). Comparing the records from days 30 and 60,
there was no statistically significant difference (t=0,977; p=0,34) (Figure 4).

ms
320- SDNN
240] _2 b b
160 —l_ —I—
80
5 Jl e — il [
days © 30 60

Figure 4. Comparison between mean values in milliseconds (ms), as a function of days, in relation to the SDNN
value, before and after the rhinoplasty surgical procedure. Different letters (“a” and “b") along a column with
significant difference at 5% level.

Regarding the SDANN values, a statistically significant difference was observed when comparing
the records from day O with those from days 30 and 60 t=247; p=0,0255 e t=1,89; p=0,0390).
When comparing days 30 and 60, there was no significant difference (t=0,084; p=0,93) (Figure 5).

ms SDANN
640, a b b

480 T
T = T

160 4

days © 30 60

Figure 5. Comparison between the mean values in milliseconds (ms), as a function of days, regarding the SDANN
value before and after rhinoplasty surgery. Different letters ("a” and “b") along the one of the columns indicate
significant difference at 5% level.

Regarding the tMSSD inde¥, its value on day O was significantly less than that of days 30 and 60
(t=2,81; p= 0,0130 e t=2,041; p=0,0296, respectively). Comparing days 30 and 60, however, there
was no significant difference in value (t=0,157, p=0,877) (Figure 6).

s rMSSD
350 a b b
280
210 |
1404 I
70
| _— I
days 1} 30 60

Figure 6. Comparison between mean values in milliseconds (ms), as a function of days, regarding rMSSD
value, before and after rhinoplasty surgery. Different letters (“a” and “b") along the one of the columns indicate
significant difference at 5% level.
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The fact that there was no statistically significant difference in these indices between days
30 and 60 post-operatively suggests that the short evaluation period was not sufficient to allow
normalization of the autonomic activity on the heart, although a significant reduction in these
indices was noted immediately post-operatively (Logier et al., 2004). Further study is required
to determine whether stabilization already occurring 30 days post-operatively,and not only that
occurring long after the surgery, is of major relevance (Song et al,, 2006).

The reduction in SDNN, because this is an index calculated from long-term records, does
not specify whether what has occurred is a result of a reduction in parasympathetic activity or
an increase in sympathetic activity. However, its association with reduced rMSSD, which is an
index that estimates parasympathetic activity by analyzing RR intervals, may indicate that, in
fact, surgical treatment of nasal stenosis and the accompanying upper airway obstruction may
reduce parasympathetic activity in dogs (Paschoal et al., 2002).

Studies in humans with chronic respiratory disease indicate that parasympathetic stimulation
from controlled deep breathing does not elicit the HRV response expected with increased vagal
tone, asit doesin healthy subjects (Doxey & Boswood, 2004). On the other hand, theresults of the
present study, suggest that the imbalance in autonomic activity associated with brachycephalic
syndrome in dogs is probably different than what is seen in humans with upper airway obstructions.
A greater understanding of the relationship between HRV and autonomic activity is necessary
in all animals, especially dogs, considering the existence of physiologic vagotonia, which causes
the majority of dogs with BS to develop sinus arrhythmias (Rajendra Acharya et al., 2006). It is
important to emphasize that with the decrease in respiratory effort and subsequent regulation
of the respiratory cycle, there was a decrease in HRV.

Regarding HR, the maximum HR, mean HR, and minimum HR showed very slight variations at
the different time points. However, the mean HR on day O as compared to day 30 was significantly
different (t=-1,83; p=0,0435) (Figure 7).

bpm SR

200. FC Média

160] A b *
120 ,__l__l

80. — —
40

days 0 30 60

Figure 7. Comparison between the mean values in beats per minute (bpm), as a function of days, regarding the
Average Heart Rate (HR) value, before and after rhinoplasty surgery. Different letters (“a” and “b") along the one
of the columns indicate significant difference at 5% level. Asterisks (*) along the same line indicate no statistical
difference at the 5% level.

Comparison of the mean HR between days O and 60 and between days 30 and 60, revealed
no significant differences (p > 0.05). The minimum HR before and after surgery did not vary by a
significant amount. These HRV statistics reinforce the thought that animals are more influenced
by parasympathetic activity (Penttild et al, 2001). The maximum heart rate increased after surgery,
however this value did not reach statistical significance. This may be related to the need for a
longer follow-up period to appreciate its normalization (Pumprla et al., 2002).

Regarding nonlinear methods, the accumulated data are presented in the table below (Table 4).

Approximate entropy (ApEn) revealed a significant difference between days O and 60 (t=-2,15;
p=0,048) (Figure 8).

This parameter quantifies the regularity, predictability, or complexity of experimental data.
The higher the value of ApEn, the greater the complexity or irregularity of the signal; this indicates
that we found a significant difference between the extreme days of the study. By analyzing the
trends of the means at days O, 30, and 60, we were able to identify their association with the clinical
improvement of the patient. In studies evaluating healthy individuals, a higher HRV is expected
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Table 4. Average and Standard Deviation of Heart Rate Variability measurements, nonlinear animal methods
before (day 0) and after rhinoplasty procedure (days +30 and +60).

Variables HRV Day
Nonlinear methods 0 +30 +60
Approximate entropy (ApEn) 1,087 £ 0,241* 1126 £ 0,205* 1,207+ 0,272
Cardiovagal index (CVI) 4,057 £0,610° 3,855+0,533" 3,780+ 0,514°
Cardiosympathetic index (CSI) 1,608 + 0,795* 1,588 +0,617* 1,558 + 0,809*
Alfa1(DFA) 0,657 £ 0,405* 0,699 +0,277* 0,662 +0,293*
Alfa 2 (DFA) 0,635+ 0,318* 0,671+0,288* 0,757 +0,199°

HRV: Heart Rate Variability; SD: Standard Deviation; DFA: Analysis of Debugged Trend Fluctuations. Different letters (‘a” and "b") along
the same line indicate statistical difference at 5% level. Asterisks (*) along the same line indicate no statistical difference at the 5% level.

210 ApEn
a * b
1.5 —I— -1
1.0
T 1
0.5
days 0 30 60

Figure 8. Comparison between the means of the indexes, as a function of days, regarding the Approximate
Entropy (ApEn) value, before and after rhinoplasty surgery. Different letters (“a” and “b") along the one of the
columns indicate significant difference at 5% level. Asterisks (*) along the same line indicate no statistical
difference at the 5% level.

(Thuraisingham, 2006), because its capacity for adaptation will be greater, which will result in less
regular recordings. This can also be explained as the entropy being high in a healthy individual
compared to an individual with a morbid condition where the tendency of HRV is to be low
with little variation in heart rate, therefore leading to low entropy (Radespiel-Troger et al.,, 2003).

The cardiovagal index (CVI) showed a statistically significant difference when comparing the
day Otodays 30 and 60 (t=2,340; p=0,033 e t=1,947; p=0,035). No significant difference between
the days 30 and 60 was appreciated (Figure 9).

CVI
b

a a
==
3.0 _l_ I J_

2.0-

1.04

] 1
days 0 30 60
Figure 9. Comparison between the means of the indexes, as a function of days, referring to the value of Cardiovagal

Index (CVI), before and after rhinoplasty surgery. Different letters (“a” and “b") along the one of the columns
indicate significant difference at 5% level.
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Considering the cardiosympathetic index (CSI), still referring to the nonlinear method, no
statistical difference was evidenced in any comparison between the different time points
(De Giorgio et al,, 2010).

There are many controversial studies on the topic of chronic respiratory disease versus
autonomic activity in the heart, which suggest the influence of a reduction in parasympathetic
activity (Chua et al., 2008), a reduction in both sympathetic and parasympathetic activity
(Aubert et al., 2003), and even a relative increase in sympathetic activity on heart regulation
(Rasmussen et al,, 2012).

The alpha 1 index showed no statistically significant difference between the different time
points. However, the alpha 2 index showed a significant difference between days O and 60
(t=-2,087; p=0,0270 (Figure 10). This finding indicates the presence of HRV and represents its
long-term correlation with the Detrended Fluctuation Analysis (DFA) signal, which leads to little
change in the short-term findings (Santos et al., 2013).

Alfa 2
1.5,
a * b
o] T T
0.5
| .
days 6 3lO 6'0

Figure 10. Comparison between the means of the indices, as a function of days, regarding the Alpha 2 (DFA)
value, before and after rhinoplasty surgery. Equal letters (“a” and “b") along that of the columns indicate significant
difference at the 5% level. Asterisks (*) along the same line indicate no statistical difference at the 5% level.

Asmuch as the actual pathophysiological mechanism by which the respiratory diseases in the
dogs in this study increase parasympathetic activity (Shields Junior et al., 2009), efforts should
be directed towards studies with larger numbers of participants, greater variability in the degree
of obstructive disease, and more varied respiratory alterations.

Electrocardiographic examination revealed the presence of a sinus arthythmia in 10 of the 16 dogs
prior to treatment, and five of these animals had an associated sinus arrest or block. After treatment,
it was observed that there was a tendency towards rhythm normalization on days 30 and 60.
At the end of the study (day 60), sinus arrhythmia was observed in five of the animals, with
only one maintaining a sinus block. The remaining animals in this group showed a normal sinus
rhythm after treatment (Table 5).

Parallel to the HRV index results, the electrocardiographic record allowed the identification
of the predominant heart rate over five minutes. The electrocardiographic recording obtained
prior to treatment showed predominantly rthythms induced by high parasympathetic activity,
such as sinus arthythmia and sinus arrest or block (Figure 11) (Tilley & Smith Junior, 2008), which
occur mainly as a direct result of acetylcholine release near the muscarinic receptors of the sinus
node (Malik et al., 1996). Following treatment, the prevalence of sinus arrest or block decreased to
include only one animal, reinforcing the hypothesis that a reduction in parasympathetic activity
occurs over time (Figures 12 and 13).

When considering the cardiac thythms recorded prior to surgery, it was noticed that even the
sinus arrhythmia, whichis considered physiological in dogs due to its association with vagotonia
(Tilley & Smith Junior, 2008), occurred in ten animals The occurrence decreased by half following
the surgical procedure.

Considering that even after acclimatization, the physical restraint required to perform the
examination may be considered a stressor and may trigger a reduction in parasympathetic
activity and/or anincrease in sympathetic activity, it would be reasonable to expect the occurrence
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of rhythms induced by vagal tone. Considering that the same animals underwent the same
procedures under the same conditions at subsequent evaluation dates, and that they showed
a reduction in the frequency of rthythms induced by vagal tone, it seems apparent that upper
airway obstruction increases parasympathetic activity.

Table 5. Electrocardiographic findings of the patients’ heart rate before (day 0) and after the rhinoplasty
procedure (days +30 and +60).

Rhythm
Animal

Day O Day +30 Day +60
01 RSA RSA RSA
02 RSA RSA SR
03 SR SR SR
04 RSA/SA RSA/SA RSA/SA
05 SR SR SR
06 SR SR SR
07 RSA/SA RSA SR
08 RSA RSA RSA
09 SR SR SR
10 RSA/SA RSA/SA RSA
1 RSA RSA SR
12 SR SR SR
13 SR SR SR
14 RSA/SA RSA RSA
15 RSA/SA RSA SR
16 RSA RSA SR

RSA: Respiratory Sinus Arrhythmia; SA: Sinus arrest; SR: Sinus rhythm.

avL |

Figure 11. Electrocardiographic tracing at a speed of 50mm / s, showing tracing in bipolar leads, showing sinus
arrest, represented by irregular R-R intervals (arrows), where the adjacent R-R interval is twice the length of the
anterior interval. (Source: Personal Archive).
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avR A = A v A Vo |

avF

Figure 12. Electrocardiographic tracing at a speed of 50mm/s, showing tracing on bipolar leads, showing
sinus arrhythmia, represented by irregular R-R intervals (arrows), not exceeding 50% of the anterior interval.
(Source: Personal Archive).

avF

Figure 13. Electrocardiographic tracing at a speed of 50mm/s, showing tracing on bipolar leads, showing sinus
rhythm, represented by regular R-R intervals (arrows). (Source: Personal Archive).

Santos Filho et al. 2020. Brazilian Journal of Veterinary Medicine, 42, €104920. DOI: 10.29374/2527-2179.bjvm104920 13/16




Study of heart rate variability in dogs with brachycephalic syndrome that underwent rhinoplasty

The high variability of heart rate is believed by many scholars to be associated with the balance
of autonomic regulation of the heart (Bosquet et al., 2007; Vanderlei et al., 2009). However, it should
be emphasized that in a species such dogs, in which parasympathetic activity is predominant,
this should be interpreted cautiously in the face of varied influences and organic stressors such
as disease. It should be considered that from the moment a young dog with an upper airway
obstruction presents with high HRV, before procedures are undertaken to reestablish airflow, the
disease may be exaggerating the autonomic imbalance.

Briefly, the present study contributes to the understanding of changes in HRV due to the
evolution of BS. Considerable attention is paid to the reference values for each index, but because
the values are specific for each individual, it is clear that changes in the actual values (such
as an increase in the minimum heart rate) are associated with parasympathetic stimulation.
It can be inferred that since autonomic modulation is related to the adaptation to a stressor or
disease, the changes in the indices of HRV following surgical are associated with a reduction in
parasympathetic activity, with the tendency towards greater sympathetic activation of the ANS.

Conclusions

1) On prolonged electrocardiographic examination, after surgical correction of nasal stenosis,
the findings are characterized by a reduction in the occurrence of bradyarrhythmias, with
an increase in the average heart rate and a reduction in the occurrence of respiratory sinus
arrhythmia, with a tendency to establish a sinus rhythm.

2) Thefollow-up on time-domain HRV, based on the findings of increased rMSSD (Root-Mean of
square sucessive NN interval difference), minimum heart rate and SDANN (Standart Deviation
of the Average NN interval), and the maintenance of maximum heart rate, suggests areduction
in the influence of parasympathetic activity on the cardiovascular system, with a decrease
in the frequency of bradyarrhythmias.

3) Heart rate variability at days 30 and 60 post-operatively reduces the cardiovagal indices,
reinforcing the finding of reduced parasympathetic activity.

4) Increased parasympathetic activity in brachycephalic dogs is demonstrated by SDANN or
the early-altered time-domain heart rate variability index.

5) Approximate entropy and cardiovagal index reinforce the finding of parasympathetic
stimulation in obstructive airway diseases, with a reduction in these values a short while
after reestablishment of normal airflow.

6) Upper airway obstruction increases HRV by increasing parasympathetic activity in autonomic
regulation of the heart.

7) Brachycephalic animals are exposed torhythm disturbanceslinked to increased parasympathetic
activation over cardiac bathymotropism.
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