
142

Pesq. Vet. Bras. 39(2):142-147, fevereiro 2019

Original Article

DOI: 10.1590/1678-5150-PVB-5823

ISSN 0100-736X (Print)
ISSN 1678-5150 (Online)

Small Animals Diseases

RESUMO.- [Efeitos sedativos e eletrocardiográficos da 
baixa dose de dexmedetomidina em gatos saudáveis.] 
Na rotina clínica da medicina veterinária felina a sedação é 
frequentemente requerida para realização de procedimentos 
diagnósticos ou minimamente invasivos, para minimizar 
o estresse e facilitar o manuseio dos pacientes. A taxa de 
mortalidade de gatos submetidos à sedação é mais elevada do 
que em cães, por esse motivo, é fundamental que os sedativos 
confiram estabilidade hemodinâmica. A dexmedetomidina 

(DEX) é um α2-agonista utilizado em felinos para promover 
sedação e analgesia, porém os estudos têm utilizado doses 
elevadas, e com isso prejuízos hemodinâmicos importantes 
foram relatados. O objetivo desta investigação foi avaliar os 
efeitos sedativos e eletrocardiográficos da baixa dose de DEX 
em gatos. Para tal, onze felinos saudáveis foram recrutados, 
foram obtidos valores basais para escore de sedação, pressão 
arterial sistólica e eletrocardiografia, além do índice de 
tônus vaso vagal (ITVV). Após dez minutos da aplicação 
intramuscular (IM) de DEX 5µg/kg todos os exames foram 
repetidos. Após a DEX, sedação suave foi detectada, e a êmese 
e sialorreia foram efeitos adversos comuns, observados em 
média 7 minutos após a injeção IM. Ademais, os principais 
efeitos eletrocardiográficos foram redução na frequência 
cardíaca e aumento na amplitude da onda T. O ITVV mais 
elevado e surgimento de arritmia sinusal respiratória, bem 
como bradicardia sinusal em alguns gatos, sugerem que a 
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DEX eleva o tônus parassimpático, e por esse motivo deve 
ser utilizada com cautela em pacientes com predisposição 
à bradicardia.

TERMOS DE INDEXAÇÃO: Sedativos, eletrocardiografia, 
dexmedetomidina, gatos saudáveis, α2-agonista, bradicardia, 
felinos, sedação, onda T.

INTRODUCTION
In feline veterinary practice sedation is often needed to perform 
diagnostic or minimally invasive procedures, minimize stress, 
and facilitate handling. An ideal sedation protocol allows for 
quick and smooth decreased responsiveness while maintaining 
cardiopulmonary function and providing quiet recovery (Cremer 
& Riccó 2017). The mortality rate of cats undergoing sedation 
is significantly higher than dogs (0.12% vs 0.07%), and one 
of limitations is due to sedation monitoring of physiologic 
variables is usually more limited/underestimated than under 
general anesthesia, so it is important that the sedatives provide 
good cardiovascular stability (Brodbelt et al. 2008).

Sedation and analgesia are prominent effects of central 
α2-adrenergic receptor activation, and these effects have been 
reported with agents such as xylazine, medetomidine, and 
romifidin in cats (Granholm et al. 2006). Dexmedetomidine 
(DEX) is an highly selective α2-adrenergic receptor agonist, 
the active enantiomer of racemic medetomidine, that induces 
dose-dependent sedation, analgesia and muscle relaxation in 
cats (Ansah et al. 1998). However, studies reporting sedative 
effects of this drug in cats mainly utilized high doses of DEX 
(10- 75µg/kg), and indeed marked decreases in heart rate, 
cardiac output, and transient changes in blood pressure were 
noticed (Ansah et al. 1998, Selmi et al. 2003, Granholm et al. 
2006), moreover the electrocardiographic effects of DEX has 
not been completely characterized in this species.

The electrocardiography (ECG) is a widely used exam in 
veterinary medicine, mainly to detect/exclude arrhythmias, as 
part of pre-anesthetic evaluation, and/or cardiac monitoring 
in patients under intensive care unit, or during general 
anesthesia. In cats, additional clinical applications include 
assessment of cardiac dimensions, for which an ECG is a poor 
substitute for an echocardiogram (Pellegrino et al. 2016), 
and monitoring of extracardiac disturbances that could 
possible lead to cardiac impairments, such as hyperkalemia 
in cats with urethral obstruction, oliguric/anuric renal 
failure, reperfusion injury (Schaer 1977, Côté 2010, Garcia 
de Carellan Mateo et al. 2015), or hypoxemia (Boyden 1992). 
The aim of this study was to prospectively investigate how 
the sedative and electrocardiographic effects of a low dose 
of DEX performing in healthy cats.

MATERIALS AND METHODS
Study design and ethics statement. This was a prospective 

cohort study, performed with the ethical approval of the Federal 
University of Fronteira Sul Committee for Animal Experimentation 
(protocol number 23205.004198/2017-56).

Animals. Eleven client-owned adult domestic shorthair male 
cats were recruited for the study. Cats were considered healthy 
based on clinical examination, routine hematology, systolic arterial 
pressure (SAP), electrocardiography (ECG), and echocardiography 
- in order to exclude heart diseases. These values were within 

published reference intervals for complete blood count (Feldman et al. 
2000), SAP (Brown et al. 2007), ECG (Tilley & Burtinick 1999), and 
echocardiography (Boon 2011). Animals were fasted for 12 hours, 
but had free access to water until 2 hours prior to sedation.

Baseline sedative score. On the day of the experiment each 
cat was weighed, a physical examination was performed and they 
had their hair clipped on right and left thoracic limbs palmar faces. 
Cats were acclimated to cardiology exam room during 30 minutes 
before measurements. The baseline sedative score was assessed by 
a single and experienced anesthesiologist, using a subjective scoring 
criteria proposed by Granholm et al. 2006 to evaluate sedation on 
cats treated with DEX or medetomidine. This scoring criteria ranges 
from zero to twelve, where the biggest score corresponds to deeper 
sedation, and takes into account spontaneous posture, response to 
noise, muscle tone of jaw and tongue, as well as pedal withdrawal 
response to pinching of a digit or interdigital web.

Baseline SAP measurement. After evaluation of sedative score, 
the animal was gently positioned on right lateral recumbence, a cuff 
size corresponding to 30-40% of the distal radius diameter was utilized 
(Brown et al. 2007), and SAP was obtained with a vascular Doppler 
(Medmega, Franca, Brazil) attached to a sphygmomanometer. Five 
consecutive measurements were made, minimum and maximum 
values were excluded and a mean of the other three was recorded.

Baseline electrocardiographic assessment. Posteriorly, also 
on right lateral recumbence (Harvey et al. 2005), a six leads ECG 
(ECGPC TEB, Tecnologia Eletrônica Brasileira, São Paulo, Brazil) was 
recorded over two-minutes. In order to obtain the bipolar leads I, 
II and III, as well as increased unipolar leads aVR, aVL and aVF, the 
right (red) and left (yellow) thoracic electrodes were fixed above 
the olecranon region, and the right (black) and left (green) pelvic 
electrodes above the patellar ligaments (Tilley 1992), alcohol 70% 
was instilled among skin and electrodes to improve electric recipiency. 
The register speedy was adjusted to 50mm/s, and calibration of 
1mV=1cm. All measurements were made in triplicate, on lead II, by 
a single and experienced observer, as follows: predominant heart 
rhythm, heart rate (HR), P-wave width and amplitude, PR interval, 
QRS complex width, R-wave amplitude, QT interval, T-wave polarity 
and width, and ST leveling and morphology, according previously 
described (Tilley & Burtinick 1999). The rate-corrected QT interval 
(QTc) was calculated from the following equation (Van de Water et al. 
1989): QTc=QT–0.087(RR-1000). Furthermore, the ECG tracings 
were reviewed to presence of arrhythmias (atrioventricular blocks 
of second and/or third degrees, ventricular ectopic beats, atrial 
premature contractions, junctional P-waves or junctional ectopic 
beats), as described elsewhere (Tilley 1992, Tilley & Burtinick 1999). 
Also on lead II, the first 20 consecutive R-R intervals in which cardiac 
rhythm was of sinus origin were used to calculate vasovagal tonus 
index (VVTI) for each patient. The index was obtained by calculating 
the natural logarithm of the variance of the 20 measured R-R intervals, 
as described by the equation VVTI=NL[VAR(R-R1 - R-R20)], where 
NL: natural logarithm, VAR: variance (Häggström et al. 1996).

Sedation. After all baseline measurements previously described, 
cats received 5µg/kg of DEX (Dexdormitor, Zoetis) intramuscularly 
(IM) and were housed in cages on cardiology exam room during ten 
minutes. Adverse effects as emesis and sialorrhea were recorded. 
Ten  minutes apart from IM injection, the sedation score was accessed, 
followed by SAP and ECG recording, as described above.

Statistical analysis. All analyses were performed using the software 
GraphPad Prism (Version 5.0 - San Diego/CA, USA). The D’Agostino 
and Pearson omnibus normality test was used to investigate data 
distribution. Comparisons between baseline measurements and 
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post-sedation were accomplished by either Mann-Whitney test or 
Student’s t-test, according to distribution. Associations between 
qualitative variables were analyzed with Fisher’ exact test. Correlation 
among HR and VVTI was accomplished by Pearson test. Statistical 
significance was defined as P<0.05.

RESULTS
Baseline mean sedation score was 0 (ranging from 
0 to 0, minimum and maximum), and 3 (ranging from 0 to 8, 
minimum and maximum) post sedation (P=0.0022). None of 
animals achieved lateral recumbency after low dose of DEX. 
The baseline SAP was 118±9mmHg, and 130±14mmHg after 
sedation (P=0.0421). Six cats (55%) exhibited sialorrhea 
and emesis after 3 to 15 minutes of DEX injection, between 
then, two animals (33%) had a second episode of vomiting 
5 to 8 minutes apart.

Descriptive statistics of electrocardiographic assessment 
in healthy cats submitted to sedation with dexmedetomine 
is shown in Table 1. The HR was considered different among 

moments (P=0.0028), being significantly slower after DEX. 
The T-wave amplitude increased after sedation (P=0.0236), 
although no cat presented a T-wave>0.3 mV. Concerning the 
T-wave polarity, two patients (18%) changed the polarity 
after DEX (one cat had a biphasic T-wave that turned only 
positive after sedation, and another had a negative T-wave 
that turned positive), but no statistical difference was detected 
(P=0.4762). No changes on ST segment were seen after DEX.

At baseline all animals presented sinus rhythm, while after 
DEX four cats (36%) presented respiratory sinus arrhythmia 
(RSA), defined as a naturally occurring variation of R-R interval 
bigger than 20% during breathing cycle (Tilley & Burtinick 1999), 
and three animals (27%) became bradycardic (88-94bpm), 
defined as HR<100 bpm (Tilley & Burtinick 1999). Figure 1 
illustrates a RSA detected post sedation.

After DEX, the VVTI was considered bigger than it was 
at baseline (P=0.0433), as shown in Figure 2. All the other 
electrocardiographic measurements were found to be similar 
between moments. VVTI and HR were not considered correlated 
(P=0.0564; R = -0.47; 95% of confidence interval = -0.76 to 0.01).

DISCUSSION
This study showed that a low dose of DEX on pre-medication 
produces a smooth sedation in cats (average 3 points), when 
a subjective scoring criterion graduated from zero to twelve 
was utilized. None of animals achieved lateral recumbency, 
and physical restrainment to perform ECG after sedation 
was laborious in three cats (two scored zero, and another 
scored one point). Limited data are available on the sedative 
effects with low doses of DEX alone in cats, most of them are 
reports with the labeled dose, ranging from 20 to 40µg/kg 
(Johard et al. 2018, Martin-Flores et al. 2018). In another study, 
Selmi et al. 2003 reported a satisfactory sedation and lateral 
recumbence in all cats after DEX 10µg/kg IM. Previously studies 
suggesting that sedation occurs in a dose related manner 
(Ansah et al. 1998, Johard et al. 2018, Martin-Flores et al. 
2018), and associations with opioids (Johard et al. 2018) and/
or ketamine (Cremer & Riccó 2017) promote more intense 
sedative effects in cats.

Table 1. Descriptive statistics of electrocardiographic 
assessment in healthy cats submitted to sedation with 

dexmedetomidine (DEX) 5µg/kg IM. Parametric data are 
shown as mean ± standard deviation, while non-parametric 
variables are represented as median (interquartile range)

Measurement P Baseline After DEX
Heart rate (bpm) 0.0028 187 (132-201) 96 (89-126)
P (ms) 0.9439 47 (43-48) 47 (43-49)
PR (ms) 0.1013 72 ± 9 79 ± 6
QRS (ms) 0.6147 47 (43-55) 47 (43-48)
QT (ms) 0.1869 183 ± 25 200 ± 29
QTc (ms) 0.9616 239 ± 25 238 ± 22
P (mV) 0.3756 0.13 (0.08-0.14) 0.09 (0.09-0.12)
R (mV) 0.1496 0.48 ± 0.17 0.56 ± 0.15
T (mV) 0.0236 0.10 (0.07-0.14) 0.18 (0.12-0.25)
VVTI 0.0433 2.68 ± 0.60 3.34 ± 0.86
VVTI = Vasovagal tonus index.

Fig.1. Heart rhythm of a cat from this study. At baseline it was recorded a sinus rhythm and heart rate of 187bpm, after ten minutes of 
dexmedetomidine 5µg/kg IM it was noticed a respiratory sinus arrhythmia (RSA) and heart rate ranging from 108-139bpm. The RSA 
is not considered a physiological heart rhythm in cats. Electrocardiographic tracings were both recorded at 50mm/s and 2N amplitude.
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The incidence of emesis on this investigation was 
considerable higher than the 7% anteriorly reported with 
high dose (40µg/kg IM) administration (Granholm et al. 
2006). Similarly, Selmi et al. 2003 did not noticed emetic 
events after 10µg/kg IM in healthy cats. However, another 
group of researchers showed that 78% of cats sedated with 
DEX (4 µg/kg) plus buprenorphine (20µg/kg) IM vomited at 
0 to 13 minutes post-injection (Santos et al. 2011). The fasting 
period was 12 hours on both ours and the above-mentioned 
experiments.

When DEX binds to α2-adrenergic receptor on the vascular 
smooth muscle, systemic vascular resistance increases 
(Ruffolo Junior 1985, Duka et al. 2000) ultimately leading to 
increases on systemic arterial blood pressure (Bloor et al. 
1992, Martin-Flores et al. 2018). After pre-medication, 
SAP significantly increased (130±14mmHg) from baseline 
(118±9 mmHg). Overall, this smooth rise is well tolerated in 
healthy animals, and SAP <150mmHg is considered by the 
American College of Veterinary Internal Medicine - Guidelines 
for the identification, evaluation, and management of systemic 
hypertension in dogs and cats - as minimal risk of future target 
organ damage (Brown et al. 2007). Although, it seems reasonable 
that caution should be taken in cats already hypertensive, as 
frequently observed in hyperthyroidism (Stiles et al. 1994) 
and chronic kidney disease (Stiles et al. 1994, Sander et al. 
1998), despite no studies have been addressed to the use of 
DEX in such individuals, at author’s knowledge.

The vasopressor action of DEX increases arterial and 
pulmonary pressures, leading to reflex bradycardia (Devcic et al. 
1994, McSweeney et al. 2012). According to our findings, the 
concomitant decrease in HR and increases in SAP after DEX 
might suggest a reflex phenomenon in cats. Moreover, it has 
been reported that this drug decreases sympathetic nervous 
system tone and increases parasympathetic nervous system 
activity within the central nervous system, decreasing both 
GABAergic and glycinergic inhibitory input to cardiac vagal 
neurons, which may contribute to the bradycardia (Sharp et al. 
2014).

The VVTI is an useful time domain indicator of heart rate 
variability obtained from the standard ECG, being mainly 
influenced by the parasympathetic tone, as recognized in 

previous studies (Häggström et al. 1996, Pereira et al. 2008, 
Kocabaş et al. 2009, Brüler et al. 2017, Pecceu et al. 2017). 
Indeed, the lower HR and the higher VVTI seen after DEX in 
this study are indicative of increased parasympathetic tonus. 
In addition, the RSA noticed in some cats after sedation is 
another evidence that a parasympathetic activation was 
markedly present (Wardlaw 1985). The RAS is a regular 
irregular rhythm, considered a physiologic heart rhythm 
in dogs (Tilley 1992, Tilley & Burtinick 1999) and healthy 
human beings (Cooke 1998, Sturgeon et al. 2014). In cats at 
the clinical setting, RAS is not normally seen, and is usually 
considered pathologic (Rishniw & Bruskiewicz 1996), once 
normal rhythms in healthy subjects include sinus rhythm and 
sinus tachycardia (>240bpm) due to handling excitement (Tilley 
& Burtinick 1999). However, some studies have indicated that 
healthy cats in their home environment (Hanås et al. 2009) 
or under general anesthesia (Lewis et al. 2013) commonly 
have periods of RSA.

It was already well characterized that DEX significantly 
depressed sinus and atrioventricular nodal function in human 
pediatric patients (Hammer et al. 2008). However, it was 
shown in previously studies that DEX did not have a direct 
effect on ventricular or atrial refractoriness, and spontaneous 
atrioventricular block was not reported in patients with normal 
baseline atrioventricular nodal conduction (Hammer et al. 2008, 
Chrysostomou et al. 2010, Char et al. 2013). Similarly, it was 
found no difference between PR interval at baseline and post 
low dose of DEX, also all measurements were within reference 
values to cats (PR interval: 50-90 ms) (Tilley & Burtinick 
1999). This finding differ from those reported with xylazine 
in dogs (Klide et al. 1975, Haskins et al. 1986), and romifidine 
administration in horses (Clarke et al. 1991, Freeman et al. 
2002), once these two less selective α2-adrenergic receptor 
agonists promoted second degree atrioventricular block in 
such species.

On ECG, the T-wave represents rapid ventricular repolarization 
(i.e. phase 3) of the ventricular action potential (Issa et al. 
2009). During phase 3, there is closure of the calcium channels, 
while the potassium channels remain open, resulting in 
rapid loss of positive charge from the cardiomyocytes and 
restoration of the resting membrane potential (Issa et al. 2009). 
As such, the configuration of the T wave is dependent on the 
spatial-temporal characteristics of ventricular repolarization 
(Lin et al. 2013). The T-wave in cats can be positive, negative, 
or biphasic (Tilley & Burtinick 1999). A relation between 
low dose of DEX in cats and direct effects of such drug over 
ventricular repolarization could be anticipated, although 
measurements remained within reference values (T wave 
<0.3mV). Furthermore, more studies should be addressed 
to investigate if this possible effect of DEX is indeed related 
to ventricular repolarization or not.

CONCLUSIONS
A low dose of dexmedetomidine (5µg/kg IM) alone produces 

a smooth sedation in cats, and handling to minimally invasive 
procedures could be difficult in non-collaborative animals. 
Emesis and sialorrhea are common adverse effects, observed 
on average seven minutes after intramuscularly (IM) injection. 
Even a low dose of DEX increases systolic arterial pressure 
in healthy cats, although nonehypertensive episodes were 
recorded.

Fig.2. Box plot depicting the medians, interquartile ranges and 
amplitude of vasovagal tonus index (VVTI) in healthy cats at baseline 
and after being submitted to sedation with dexmedetomidine 
5µg/kg IM.
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Furthermore, electrocardiographic effects of a low dose 
of DEX mainly include decreases on heart rate, and increases 
on T-wave amplitude. The augmentation on vasovagal tonus 
index and appearing of respiratory sinus arrhythmia, as well as 
sinus bradycardia in some cats, suggesting that DEX enhances 
parasympathetic tonus in healthy cats, and therefore will be 
best avoid in patients at risk for bradycardia.

Conflict of interest statement.- The authors have no competing interests.
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