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ABStRACt. the aim of this study was to determine the effects of lidocaine (LIDO) and dexmedetomidine (DEX) or their combination 
(LIDO–DEX), administered by constant-rate infusion (CRI), on the minimum alveolar concentration (MAC) of sevoflurane in dogs. Seven 
healthy mongrel dogs were used with a 2-week washout interval between treatments in this study. Anesthesia was induced with propo-
fol and maintained with sevoflurane in oxygen, and MAC of sevoflurane was determined after 90 min equilibration period in the dogs 
(SEV-MACBASAL). Then, sevoflurane MAC was determined again in the dogs after 45 min equilibration period of one of the following 
treatments: an intravenous loading dose of lidocaine 2 mg/kg followed by 6 mg/kg/hr CRI (SEV-MACLIDO); an intravenous loading dose 
of dexmedetomidine 2 µg/kg followed by 2 µg/kg/hr CRI (SEV-MACDEX); or their combination (SEV-MACLIDO-DEX). these SEV-MACs 
were determined in duplicate. Data were analyzed using ANOVA and post hoc tuckey test when appropriate. the SEV-MACBASAL was 
1.82 ± 0.06%, SEV-MACLIDO was 1.38 ± 0.08%, SEV-MACDEX was 1.22 ± 0.10%, and SEV-MACLIDO-DEX was 0.78 ± 0.06%. the CRI 
administration of lidocaine, dexmedetomidine and their combination produced a significant reduction in the MAC of sevoflurane by 26.1 
± 9.0% (P<0.0001), 43.7 ± 11.8% (P<0.0002) and 54.4 ± 9.8% (P<0.0001), respectively. The MAC reduction was significantly greater 
after the CRI combination of lidocaine and dexmedetomidine when compared with lidocaine CRI (P<0.0001) or dexmedetomidine CRI 
treatments (P<0.025).
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Sevoflurane is a volatile anesthetic with a low blood–gas 
partition coefficient and produces a rapid induction and re-
covery of anesthesia [16]. During last decade, clinical use 
of sevoflurane has been spreading in veterinary practice. 
Sevoflurane is minimally metabolized and easily cleared in 
animals, however, it should be remembered that sevoflurane 
has a dose-dependent depressant effect on cardiorespiratory 
function in dogs [22]. Because of these side effects, sevo-
flurane must be carefully titrated, and vigilant monitoring 
should be employed to avoid excessive anesthetic depth. 
the term of balanced anesthesia usually refers to the use of 
different drugs in combination to provide hypnosis, analge-
sia and muscle relaxation [25]. Administration of analgesic 
drugs as a part of the balanced anesthesia is sparing with 
requirements of anesthetic drugs, including sevoflurane, 
thereby reducing their depressant effects on the cardiovas-
cular system and improving the quality of anesthesia [24].

Minimum alveolar concentration (MAC) is defined as the 
partial pressure of a gas that produces immobility in 50% of 
individuals exposed to a supramaximal noxious stimulation 
[12]. the MAC is the standard measure to evaluate inhaled 
anesthetic potency [27]. Lidocaine is a sodium channel 
blocker, and its intravenous infusion can be spared with an-
esthetic requirements in dogs undergoing surgery [9, 19, 31]. 
It is also reported that the intravenous infusion of lidocaine 
decreases the MAC of isoflurane [21, 36] and sevoflurane 
[7, 11, 20] in a dose-dependent manner in dogs. Studies in 
humans and in dogs suggest that low doses of alpha2-adren-
ergic agonists may produce the sparing effects of anesthetic 
requirements and analgesia with minimal impact on cardio-
vascular function [1–3, 24]. In dogs, dexmedetomidine has 
been shown to reduce the anesthetic requirement for induc-
tion and maintenance of general anesthesia [2, 8, 24, 34]. 
therefore, it is expected that the balanced anesthesia using 
a combination of lidocaine and dexmedetomidine infusion 
may decrease sevoflurane requirement and therefore may 
reduce the incidence of its side effects.

the aim of the present study was to evaluate the effects 
of constant rate infusion (CRI) of a combination of lidocaine 
and dexmedetomidine on the MAC of sevoflurane in dogs. 
the authors suggest the hypothesis that the combination of 
lidocaine with dexmedetomidine significantly reduces the 
MAC of sevoflurane in dogs.
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MAtERIALS AND MEtHODS

Animals and experimental protocol: Seven adult mixed-
breed neutered dogs, age 1–2 years, three males and four 
females and body weight (mean ± SD) 18.1 ± 9 kg, were 
included in a prospective randomized cross-over experiment 
with a 2-week washout period between treatments. Dogs 
were considered to be healthy on the basis of medical his-
tory, physical examination, complete blood count (CBC) and 
serum biochemical analysis. Food but not water was with-
held 8 hr prior to each anesthetic procedure. this study was 
planned as a randomized crossover trial. Each dog was anes-
thetized three times and received one of the following three 
treatments: 1) an intravenous (IV) loading dose (LD) of 2 
mg/kg lidocaine (Lidocaína 2% Inyectable: Pisa, México) 
followed by lidocaine 6 mg/kg/hr CRI (LIDO), 2) LD of 2 
µg/kg IV dexmedetomidine (Dexdomitor, Orion Corpora-
tion, Espoo, Finland, 0.5 mg/ml) followed by dexmedetomi-
dine 2 µg/kg/hr CRI (DEX) and 3) LDs of lidocaine 2 mg/kg 
IV and dexmedetomidine 2 µg/kg IV followed by lidocaine 
6 mg/kg/hr and dexmedetomidine 2 µg/kg/hr CRI (LIDO–
DEX). Loading doses were diluted up to a final volume of 
3 ml with sterile water and administered IV over 1 min. 
treatments were diluted up to 60 ml with saline 0.9% and 
delivered as a CRI accordingly. All CRIs were started im-
mediately after bolus administration using a syringe infusion 
device (Colleague, Baxter Healthcare Corporation Medica-
tion Delivery, Deerfield, IL, U.S.A.). The sevoflurane MAC 
was determined before (SEV-MACBASAL) and during one of 
the three CRI treatments (SEV-MACLID, SEV-MACDEX and 
SEV-MACLID-DEX) in each dog. this study was approved 
by the animal research ethics committee of the Universidad 
Autonoma de Mexico with protocol number 2267/2010.

Anesthetic procedure and instrumentation: A 20-gauge 
catheter was aseptically placed into the cephalic vein. An-
esthesia was induced with an intravenous administration of 
propofol (Fresofol 1%, Fresenius Kabi, Pimble, Australia) 
at a dose of 6 mg/kg. Orotracheal intubation was performed 
in all dogs with an appropriately sized, cuffed endotracheal 
tube that was attached to a circle anesthetic rebreathing sys-
tem (Fabius Dragër Medical GmbH 23542, Lübeck, Germa-
ny). Anesthesia was maintained with sevoflurane (Sevorane 
Abbott Laboratories, Bogota, Colombia) vaporized in 100% 
oxygen with a flow rate of 2 l/min (Dragër medical, AG&CO, 
KGaA, Lubeck, Germany, Dragër Vapor 2000). All dogs 
were administered lactate Ringer’s solution at a flow rate of 
3 ml/kg/hr through the catheter by the use of an infusion 
pump (Colleague, Baxter Healthcare Corporation Medica-
tion Delivery) and mechanically ventilated with intermittent 
positive-pressure ventilation (IPPV) (Fabius Dragër Medical 
GmbH Lübeck) to maintain eucapnia (35–40 mmHg of end-
tidal CO2) during the anesthesia. End-tidal concentration of 
sevoflurane SEVO (ETSEV) and EtCO2 was continuously 
monitored by a side-stream infrared gas analyzer (Dräger 
Vamos, Dräger Medical GmbH). Dogs were placed in lateral 
recumbency, and a 22-gauge catheter was aseptically placed 
in the dorsal metatarsal artery and attached to an electrical 
transducer (DtX Plus Dt-4812, Becton Dickinson Critical 

Care Systems Pte Ltd., Singapore) connected to a multi-
parameter monitor (WL Surgivet V9212SR 2009-01, Smith 
Medical PM Inc., Waukesha, WI, U.S.A.). Systolic, diastolic 
and mean arterial blood pressures (SAP, DAP and MAP, 
respectively) were continuously monitored via a blood-
pressure transducer system connected to the dorsal pedal 
artery (DtX plus® Dt 4812, Becton Dickinson Critical Care 
Systems Pte Singapore Ltd.). the zero reference point of the 
pressure transducer was set at the level of the heart. Heart 
rate and rhythm (EGG lead II) and pulse oximetry were also 
continuously monitored by placing the electrodes at the level 
of the elbows and left patella and an infrared sensor attached 
to the dog’s tongue, respectively (WL Surgivet V9212SR 
2009-01, Smith Medical PM Inc.). A circulating warm-water 
blanket was used to maintain the esophageal temperature 
between 37.5 and 38.5°C.

MAC determination: Following the propofol induction, 
the dogs had been anesthetized for at least 90 min as an ini-
tial equilibration period at an ETSEV of 2.7% to minimize the 
effects of propofol. the determination of SEV-MACBASAL 
for each dog was started after the initial equilibration pe-
riod. Once the SEV-MACBASAL was determined, dogs were 
received the CRI treatment of lidocaine, dexmedetomidine 
or combination. the SEV-MACLID, SEV-MACDEX and 
SEV-MACLID-DEX were determined after 45 min equilibra-
tion period of the CRI treatments [15, 36]. Cardiovascular 
parameters and other variables were recorded immediately 
before the determination of minimum alveolar concentration 
(MAC) of sevoflurane.

MAC was determined by use of a previously described 
technique. Noxious stimulation was applied by clamping a 
paw of the third or fourth digits. The clamping technique 
was performed with 24-cm sponge forceps (with protective 
plastic tubing on each jaw) clamped to the first notch until 
gross purposeful movement was detected or a period of 60 
sec elapsed [35]. A negative response included the lack of 
movement of head and limbs, muscle rigidity, shivering, tail 
movement, couching, swallowing or an increase in sponta-
neous respiratory efforts during controlled ventilation. When 
a positive response was elicited, the EtSEV was increased by 
0.1% and maintained at this concentration for at least 20 min, 
and the noxious stimulus procedure was repeated. When a 
negative response was detected, the EtSEV was decreased 
by 0.1% and maintained at this concentration for at least 20 
min, and the noxious stimulus procedure was repeated. the 
procedure was continued until purposeful movement ceased 
(increase in anesthetic concentration) or returned (decrease 
in anesthetic concentration). The sevoflurane MAC was cal-
culated as a mean value between the highest EtSEV at which 
the purposeful movement was detected and the lowest EtSEV 
at which the purposeful movement was not detected. In each 
dog, the sevoflurane MAC was evaluated in duplicate.

The sevoflurane MAC values were corrected to sea level 
by use of the formula (barometric pressure of location/760 
mmHg) × obtained MAC value. the mean barometric pres-
sure was obtained from the official city meteorological sta-
tion for the altitude at which the experiment was performed 
(2,680 m above sea level) and was 556 mmHg. Once the ex-
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periment had been finalized, the dogs were recovered from 
anesthesia and administered 4 mg/kg carprofen (Rimadyl, 
Pfizer Animal Health BV, Capelle a/d I Jssel, The Nether-
lands) subcutaneously every 24 hr for 2 days.

Statistical analysis: Statistical analysis was performed 
using computer software (SigmaStat 3.5 program, Systat 
Software Inc., Point Richmond, CA, U.S.A.). the Shapiro-
Wilk test was used for assessment of data normality. Data are 
reported as means ± standard deviations (SD). A repeated-
measures ANOVA was used to evaluate percentage change 
in sevoflurane MAC before and after the CRI treatments, 
time to MAC determination and extubation time. A post-hoc 
tukey test was used where appropriate. Values were consid-
ered significantly different when P<0.05.

the interaction of lidocaine and dexmedetomidine was 
used to evaluate whether change in cardiorespiratory data 
and MAC values departed from an additive model. the 
changes observed in dogs treated with lidocaine and dex-
medetomidine (SEV-MAC LID-DEX) were compared with 
those observed in groups (SEV-MACLID and SEV-MACDEX) 
by use of two-way repeated-measures ANOVA, if a signifi-
cant difference was obtained with a significant interaction, 
the drug interaction between SEV-MAC LID-DEX and SEV-
MACLID, SEV-MACDEX was judged to be synergistic. If the 
interaction term was not significant, the main effects of lido-
caine and dexmedetomidine was judged to be additive. For 
all analyses, values of P<0.05 were considered significant 
[18, 39]. Values are expressed as mean ± SD.

RESULtS

times to SEV-MACBASAL determination were 174 ± 24 
min, 196 ± 18 min and 181 ± 19 min for dogs receiving the 
LIDO, DEX and LIDO–DEX CRI treatments, respectively. 
times to SEV-MACLID, SEV-MACDEX and SEV-MACLID-

DEX was 172 ± 24 min, 194 ± 17 min and 181 ± 18 min, 
respectively. These times were not significantly different 
when groups were compared.

the LIDO, DEX and LIDO–DEX CRI treatments sig-
nificantly decreased the sevoflurane MAC (Table 1). the 
SEV-MACBASAL of all treatments was 1.82 ± 0.06%. the 
SEV-MACLID was 1.38 ± 0.08%, SEV-MACDEX was 1.22 ± 
0.10%, and SEV-MACLID-DEX was 0.78 ± 0.06%. the SEV-
MACLID-DEX was significantly lower compared with the 
SEV-MACLID or SEV-MACDEX (P<0.05). The LIDO, DEX 
and LIDO–DEX CRI treatments significantly decreased the 
sevoflurane MAC by 27.3 ± 8.0%, 41.0 ± 12.0% and 54.14 ± 
8.0% for all treatments, when compared with SEV-MACBAS-

AL (P<0.05). Therefore, it indicates that sparing effects of the 
combination lidocaine with dexmedetomidine were additive.

All dogs recovered smoothly from anesthesia and were 
extubated within 10 min after the discontinuation of sevo-
flurane anesthesia. Extubation time was 361 ± 17 min, 384 ± 
20 min and 372 ± 19 min for LIDO, DEX and LIDO-DEX, 
respectively. These values were not significantly different 
when groups were compared.

the statistical interaction of change in heart rate be-
tween LIDO+DEX and LIDO, DEX groups was significant 

(P<0.0001) (table 2). therefore, it indicates that effects 
of the combination of lidocaine with dexmedetomidine 
were additive. the statistical interaction of the% change in 
MAC was significant between LIDO-DEX and LIDO, DEX 
groups. therefore, it indicates that sparing effects of the 
combination with lidocaine and dexmedetomidine on MAC 
were additive.

DISCUSSION

In this study, the CRI treatments using lidocaine (2 mg/
kg IV followed by 6 mg/kg/hr CRI) or dexmedetomidine (2 
µg/kg IV followed by 2 µg/kg/hr) produced significant and 
clinically meaningful reductions in the sevoflurane MAC. In 
particular, the CRI combination of lidocaine and dexmedeto-
midine was synergic and reduced the sevoflurane MAC by 
half in dogs. In addition, the recovery from anesthesia was 
smooth and uneventful in all dogs. therefore, the combina-
tion of lidocaine and dexmedetomidine infusions is expected 
to provide a clinically useful balanced anesthesia in dogs 
anesthetized with sevoflurane. However, the combination 
of lidocaine and dexmedetomidine infusions coincidently 
produced significant cardiovascular changes, such as a 
decrease in heart rate and an increase in blood pressure. A 
further study will be necessary to clarify the cardiovascular 
effects in dogs receiving the CRI combination of lidocaine 
and dexmedetomidine.

The sevoflurane MAC in dogs is reported at a range from 
2.1% to 2.4% in most previous studies [13–15, 17, 20, 38]. 
The baseline MAC of sevoflurane in our study was 1.82% 
(i.e. SEV-MACBASAL), which is approximately 14–20% less 
than that reported in these previous studies, but very similar 
to that reported by Seddighi et al. [30] (1.78% of the sevoflu-
rane MAC) and Wilson et al. [38] (1.9% of the sevoflurane 
MAC). However, the MAC of an inhalational anesthetic can 
differ substantially among animals of the same species [34]. 
Factors affecting variability in MAC include the type of 
noxious stimulus, subjectivity in interpretation of purposeful 
movement, differences in the anatomical site of stimulation 
and differences in physiological variables, such as PaCO2, 
body temperature, arterial blood pressure and age of the 
test subjects [26, 39, 40]. Variation within this study was 
minimized by using a one observer (MRS) and maintaining 
temperature, EtCO2 and arterial blood pressure within the 
physiological range.

In dogs, continuous infusion of lidocaine has been shown 
to reduce the MAC of inhalational anesthetics, such as iso-
flurane and sevoflurane, in a dose related fashion [20, 36]. 
Valverde et al. [36] reported that lidocaine infusion reduced 
the isoflurane MAC by 18.7% at an infusion rate of 3 mg/kg/
hr CRI and 43.3% at an infusion rate of 12 mg/kg/hr CRI. 
Matsubara et al. [20] reported that lidocaine infusion reduced 
the sevoflurane MAC by 15% at an infusion rate of 3 mg/kg/
hr CRI and 37% at an infusion rate of 12 mg/kg/hr CRI. In 
the present study, the lidocaine infusion at 6 mg/kg/hr CRI 
reduced the sevoflurane MAC by 26.1%. This is similar to 
a previous study reported by Wilson et al. [38] where lido-
caine infusion at 6 mg/kg/hr CRI reduced the sevoflurane 
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MAC by 29%. While the mechanisms of MAC reduction by 
lidocaine infusion are still not well known, there are some 
possibilities. Analgesia produced by lidocaine infusion may 
be due to a mechanism at the level of the supraspinal or 
spinal cord [4], which may be expected to cause a decline in 
the MAC with inhalant anesthetics. Another serious theory is 
that the mechanism acts at the level of the voltage-dependent 
sodium channels in the central nervous system [26, 27]. In 
addition, there are some reports of inhibition of potential 
action on the excitability of the cells in the nervous system 
[6], which may explain both the analgesic properties and the 
ability of lidocaine to reduce the MAC [6]. the mechanism 
for MAC reduction with lidocaine is unclear. Whether it is 
associated with the analgesic or sedative effects of lidocaine 
is unknown. While lidocaine’s analgesic effects may be re-
sponsible for the sparing effect on volatile anesthetic MAC, 
it is also possible that the MAC reduction resulted from the 
sedative effects of lidocaine as drugs with sedating actions, 
such as acepromazine, also reduce MAC [10, 27].

Dexmedetomidine infusion reduces the MAC of isoflurane 
in dogs [11, 24]. Pascoe et al. [24] reported that dexmedeto-

midine infusion reduced the isoflurane MAC by 18% at an 
infusion rate of 0.5 µg/kg/hr CRI following a loading dose of 
0.5 µg/kg IV and 59% at an infusion rate of 3 µg/kg/hr CRI 
following a loading dose of 3µg/kg IV. Ebner et al. [11] re-
ported that dexmedetomidine infusion reduced the isoflurane 
MAC by 30% at an infusion rate of 0.5 µg/kg/hr CRI without 
loading dose. As so far the authors know, there is no study 
investigating the effects of dexmedetomidine infusion on the 
sevoflurane MAC in dogs. In our study, dexmedetomidine 
infusion at 2 µg/kg/hr CRI following a loading dose of 2 µg/
kg IV produced 43.6% of reduction in the MAC of sevoflu-
rane in dogs. this is similar to the results of a previous study 
reported by Pascoe et al. [24] that investigated the effects of 
dexmedetomidine infusion on isoflurane MAC in dogs. The 
possible central mechanism that explains the reduction of 
MAC inhaled anesthetic induced by α2 agonists is the reduc-
tion in the releasing of nor- epinephrine in the CNS caused 
by presinapsis stimulated by α2-adrenergic receptors and 
neural hyperpolarization induced by post-synaptic activation 
of α2-adrenergic receptors [28, 29, 32, 33].

Lidocaine is a sodium channel blocker that produces an-

table 2. Cardiorespiratory parameters observed during the determination of minimum alveolar concentration 
(MAC) of sevoflurane in dogs

Variables MACB MACt1 MACt2 MACt3

Heart rate (beats/min) 118 ± 5 110 ± 5* 83 ± 9*+ 76 ± 22*+

Systolic blood pressure (mmHg) 99 ± 8 106 ± 3 99 ± 8 104 ± 7
Diastolic blood pressure (mmHg) 68 ± 5 71 ± 4 73 ± 3 79 ± 3*+

Mean arterial pressure (mmHg) 78 ± 4 83 ± 2 82 ± 3 87 ± 4*++

Oxygen saturation (SpO2, %) 97.4 ± 1 97 ± 2 97.5 ± 1 95.5 ± 0.2
Esophageal temperature (°C) 38.1 ± 0.5 37.8 ± 0.5 38.4 ± 0.5 38.2 ± 0.2
End-tidal CO2 (mmHg) 36.2 ± 2 35.8 ± 1.0 36.5 ± 1 36.0 ± 1

Data are expressed as mean ± standard deviation for n=7 dogs. Cardiovascular parameters and other variables were 
recorded immediately before the determination of minimum alveolar concentration (MAC) of sevoflurane. The time 
determination for the MAC basal (MACB) was 174 ± 24 min, 196 ± 18 min and 181 ± 19 min, respectively, for lido-
caine, dexmedetomidine or the combination. the time determination for the MAC treatments groups (MACt) was 
172 ± 24 min, 194 ± 17 min and 181 ± 18 min, respectively. Treatment 1 (T1) lidocaine, treatment 2 (t2) dexmedeto-
midine and treatment 3 (t3) lidocaine and dexmedetomidine combination. the MACt1 was 1.38 ± 0.08%, the MACt2 
1.10 ± 0.23% and the MACt3 0.78 ± 0.14%. *Significant differences compared to baseline. +Significantly differences 
compared to LIDO group. ++Significantly differences compared to DEX group. Statistical significance (P<0.05).

Table 1. Mean ± standard deviations of the minimum alveolar concentration (MAC) of sevoflurane and 
percentage of MAC reduction recorded in dogs after a constant-rate infusion (CRI) of lidocaine or 
dexmedetomidine or their combination

the CRI treatment SEV-MACBASAL (%) SEV-MAC during the 
CRI treatment (%) MAC reduction (%)

LIDO 1.90 ± 0.2% 1.38 ± 0.08* 27.3 ± 8.0*
DEX 1.82 ± 0.17% 1.10 ± 0.23* 40.5 ± 12.0*
LIDO-DEX 1.82 ± 0.17% 0.78 ± 0.14*¥ 54.1 ± 8.0*¥

MAC of sevoflurane was determined after 90 min equilibration period in the dogs (SEV-MACBASAL). then, 
sevoflurane MAC was determined again in the dogs after 45 min equilibration period of one of the following 
treatments: an intravenous loading dose of lidocaine 2 mg/kg followed by 6 mg/kg/hr CRI (LID); an intra-
venous loading dose of dexmedetomidine 2 µg/kg followed by 2 µg/kg/hr CRI (DEX); or their combination 
(LID-DEX). The % reduction in the sevoflurane MAC after treatments was calculated from (SEV-MAC 
during the CRI treatment – MACBASAL × 100). *Significantly different from MACBASAL (P<0.05). ¥ Signifi-
cantly different from LIDO and DEX treatments (P<0.05). Sparing effect of these combination (LIDO-DEX) 
on sevoflurane MAC was additive.
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algesia by inhibition of potential action on the excitability of 
the cells in the nervous system [6]. Dexmedetomidine is an 
alpha2-adrenergic agonist that produces analgesia by activa-
tion of dorsal horn alpha2-receptors [1, 2]. Because of the 
different mechanisms of analgesic properties, it is expected 
that the combination of lidocaine and dexmedetomidine may 
produce an additive analgesic effect. In the present study, the 
combination of lidocaine (2 mg/kg IV followed by 6 mg/kg/
hr CRI) and dexmedetomidine (0.5 µg/kg IV followed by 2 
µg/kg/hr CRI) infusions provided a significant reduction in 
the sevoflurane MAC by 54.4% in the dogs. As mentioned 
above, we also observed that the lidocaine infusion alone (2 
mg/kg IV followed by 6 mg/kg/hr CRI) reduced the MAC by 
26.1% and the dexmedetomidine infusion alone (0.5 µg/kg 
IV followed by 2 µg/kg/hr CRI) reduced the MAC by 43.6% 
in the same dogs [18]. the interaction between lidocaine 
and dexmedetomidine infusions on the sevoflurane MAC 
reduction was judged to be additive in dogs. It is considered 
that the combination of lidocaine and dexmedetomedine 
infusions produces an additive interaction on the anesthetic 
requirements in dogs.

the cardiovascular effects observed in our dogs were sim-
ilar to those in previous reports in dogs [5, 26, 37]. Valverde 
et al. [36] reported that lidocaine infusions (3 and 12 mg/
kg/hr CRI following 2 mg/kg IV) did not induce clinically 
significant changes in heart rate and arterial blood pressure 
in dogs anesthetized with isoflurane. Nunes de Moraes et al. 
[23] reported there were not any detrimental cardiovascular 
effects related to an infusion of lidocaine at 7.2 mg/kg/hr 
during isoflurane anesthesia in healthy dogs or dogs with 
aortic stenosis. Matsubara et al. [20] reported that lidocaine 
infusions (3 and 12 mg/kg/hr CRI following 2 mg/kg IV) 
did not induce clinically significant changes in heart rate and 
arterial blood pressure in dogs anesthetized with sevoflu-
rane. In the present study, minimal effects were observed on 
heart rate and blood pressure in dogs receiving the lidocaine 
infusion alone. therefore, it is considered that the lidocaine 
infusion has minimal side-effects on cardiovascular function 
of dogs anesthetized with isoflurane or sevoflurane.

On the other hand, an administration of dexmedetomidine 
resulted in a decrease in heart rate and cardiac output an 
increase in systemic vascular resistance in dogs [37]. Pascoe 
et al. [24] reported that heart rate decreased with increasing 
doses of dexmedetomidine infusion, while blood pressure 
increased in dogs anesthetized with isoflurane. Ebner et 
al. [11] also reported that dexmedetomidine infusion (0.5 
µg/kg/hr CRI) induced decreases in heart rate and cardiac 
output and increases in arterial blood pressure and systemic 
vascular resistance in dogs anesthetized with isoflurane. In 
the present study, it was also observed that the dexmedeto-
midine infusion induced a decrease in heart rate; however, 
the increase in arterial blood pressure was only observed in 
the LIDO-DEX group. A decrease of heart rate is commonly 
observed after the administration of dexmedetomidine due 
to an increased systemic vascular resistance induced by 
alpha2-adrenergic receptor. Pypendop & Verstegen (1998) 
[25], investigating the dose dependency of these effects in 
dogs, found that medetomidine caused qualitatively similar 

hemodynamic changes, irrespective of dose between 1 and 
20 µg kg–1 IV, although these changes were less at doses of 
1 and 2 µg/kg. this could explain, because, in our study not 
observed a significant increase in blood pressure.

As so far the authors know, the interaction between sys-
temic lidocaine and dexmedetomidine on cardiovascular 
function has not been clarified in dogs. In the present study, 
the combination of lidocaine and dexmedetomidine infusions 
produced cardiovascular changes, such as a decrease in heart 
rate and an increase in arterial blood pressure, compared to 
the CRI administration of lidocaine alone. Sevoflurane has 
a dose-dependent depressant effect on cardiovascular func-
tion, such as a decrease in cardiac output in dogs [20]. We 
speculate that these cardiovascular changes induced by a 
preservation of cardiac output as a benefit from the additive 
sparing effect on the sevoflurane MAC were produced by 
the combination of lidocaine and dexmedetomidine infu-
sions. The preserved cardiac output might cause a significant 
increase in arterial blood pressure and a baroreflex followed 
by a significant decrease in heart rate. However, we did not 
measure cardiac output in the present study. A further study 
will be necessary to clarify the cadiovascular effects in dogs 
receiving the CRI combination of lidocaine and dexmedeto-
midine.

In conclusion, the combination of lidocaine and dex-
medetomidine infusions is expected to provide a clinically 
useful balanced anesthesia in dogs anesthetized with sevo-
flurane.

the sparing effects of lidocaine with dexmedetomidine on 
sevoflurane MAC reduction in dogs were additive.

However, significant cardiovascular changes were coinci-
dently observed in our dogs receiving the CRI combination. 
A further study will be necessary to clarify the cardiovascular 
effects in dogs receiving the CRI combination of lidocaine 
and dexmedetomidine.

ACKNOWLEDGMENt. to the Mexican National Center 
for Science and technology (CONACYt) for funding this 
research for MSc studies.

REFERENCES

 1. Aantaa, R., Kanto, J., Scheinin, M., Kallio, A. and Scheinin, 
H. 1990. Dexmedetomidine, an alpha-2-adrenoceptor agonist, 
reduces anesthetic requirements for patients undergoing minor 
gynecologic surgery. Anesthesiology 73: 230–235. [Medline]  
[CrossRef]

 2. Aantaa, R., Jaakola, M. L., Kallio, A. and Kanto, J. 1997. Re-
duction of the minimum alveolar concentration of isoflurane by 
dexmedetomidine. Anesthesiology 86: 1055–1060. [Medline]  
[CrossRef]

 3. Aho, M., Erkola, O., Kallio, A., Scheinin, H. and Korttila, K. 
1992. Dexmedetomidine infusion for maintenance of anesthesia 
in patients undergoing abdominal hysterectomy. Anesth. Analg. 
75: 940–946. [Medline]  [CrossRef]

 4. Bach, F. W., Jensen, T. S., Kastrup, J., Stigsby, B. and Dejgard, 
A. 1990. The effect of intravenous lidocaine on nociceptive 
processing in diabetic neuropathy. Pain 40: 29–34. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/1974394?dopt=Abstract
http://dx.doi.org/10.1097/00000542-199008000-00007
http://www.ncbi.nlm.nih.gov/pubmed/9158354?dopt=Abstract
http://dx.doi.org/10.1097/00000542-199705000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1359809?dopt=Abstract
http://dx.doi.org/10.1213/00000539-199212000-00012
http://www.ncbi.nlm.nih.gov/pubmed/2339012?dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(90)91047-M


R. MORAN-MUÑOZ ET AL.852

 5. Bloor, B. C., Frankland, M., Alper, G., Raybound, D., Weitz, 
J. and Schurtiff, M. 1992. Hemodynamic and sedative effects 
of dexmedetomidine in dog. J. Pharmacol. Exp. Ther. 263: 
690–697. [Medline]

 6. Butterworth, J., Cole, L. and Marlow, G. 1993. Inhibition of 
brain cell excitability by lidocaine QX314, and tetrodotoxin: a 
mechanism for analgesia from infused local anesthetics? Acta 
Anaesthesiol. Scand. 37: 516–523. [Medline]  [CrossRef]

 7. Bjorling, D. E. and Rawlings, C. A. 1984. Induction of anesthe-
sia with tiophental lidocaine combination in dogs with cardio-
pulmonary disease. J. Am. Anim. Hosp. Assoc. 20: 445–448.

 8. Campagnol, D., teixeira Neto, F. J., Giordano, t., Ferreira, t. 
H. and Monteriro, E. R. 2007. Effects of epidural administration 
of dexmedetomidine on the minimum alveolar concentration of 
isoflurane in dogs. Am. J. Vet. Res. 68: 1308–1318. [Medline]  
[CrossRef]

 9. Columbano, N., Sexy, F., Careddu, G. M., Sotgiu, G., Rossi, 
G. and Driessen, B. 2012. Effects of lidocaine constan trate 
infusion of sevoflurane requirement, autonomic responses, and 
postoperative analgesia in dogs undergoing ovariectomy under 
opioid-based balanced anesthesia. Vet. J. 193: 448–455. [Med-
line]  [CrossRef]

 10. Doherty, t. J., Redua, M. A., Queiroz-Castro, P., Egger, C., Cox, 
S. K. and Rohrbach, B. W. 2007. Effect of intravenous lidocaine 
and ketamine on the dose. Br. Vet. J. 152: 519–535.

 11. Ebner, L. S., Lerche, P., Bednrski, R. M. and Hubbell, J. A. 2013. 
Effect of dexmedetomidine, morphine-lidocaine-ketamine, and 
dexmedetomidine-morphine-lidocaine-letamine constant rate 
infusions on the minimum alveolar concentration of isoflurane 
and bispectral index in dogs. Am. J. Vet. Res. 74: 963–970. 
[Medline]  [CrossRef]

 12. Eger, E. I., Saidam, L. J. and Brandstarter, B. 1965. Minimum 
alveolar anesthetic potency. Anesthesiology 26: 756–763. [Med-
line]  [CrossRef]

 13. Galloway, D. S., Ko, J. C., Reaugh, H. F., Mandsager, R. E., 
Payton, M. E., Inoue, t. and Portillo, E. 2004. Anesthetic indices 
of sevoflurane and isoflurane in unpremedicated dogs. J. Am. 
Vet. Med. Assoc. 225: 700–704. [Medline]  [CrossRef]

 14. Greene, S. A., Benson, G. J., Tranquilli, W. J. and Grimm, K. 
A. 2002. Relationship of canine bispectral index to multiples 
of sevoflurane minimal alveolar concentration using patch or 
subdermal electrodes. Comp. Med. 52: 424–428. [Medline]

 15. Gutierrez-Blanco, E., Victoria-Mora, J. M., Ibancovichi-
Camarillo, J. A., Sauri-Arceo, C. H., Bolio-González, M. E., 
Acevedo-Arcique, C. M., Marin-Cano, G. and Steagall, P. V. 
2013. Evaluation of the isoflurane-sparing effects of fentanyl, 
lidocaine ketamine, dexmedetomedine, or the combination 
lidocaine-ketamine–dexmedetomidine, during ovariohyster-
ectomy in dogs. Vet. Anaesth. Analg. 40: 599–609. [Medline]  
[CrossRef]

 16. Haitjema, H. and Cullen, L. 2001. Clinical experience with sevo-
flurane in dogs. Aust. Vet. J. 79: 339–341. [Medline]  [CrossRef]

 17. Kazama, T. and Ikeda, K. 1988. Comparison of MAC and the 
rate of rise of alveolar concentration of sevoflurane with halo-
thane and isoflurane in the dog. Anesthesiology 68: 435–437. 
[Medline]  [CrossRef]

 18. Ko, J. C. H., Lange, D. N., Mandsager, R. E., Payton, M. E., 
Bowen, C., Kamata, A. and Kuo, W. C. 2000. Effects of butor-
phanol and carprofen on the minimal alveolar concentration of 
isoflurane in dogs. JAVMA 217: 1025–1028. [Medline]  [Cross-
Ref]

 19. Kurata, J. 2010. Deep hypnosis as a sign of “imbalance” in 
balanced anesthesia. Anesth. Analg. 110: 663–665. [Medline]  

[CrossRef]
 20. Matsubara, L. M., Oliva, V. N., Gabas, D. t., Oliveira, G. C. and 

Cassetari, M. L. 2009. Effect of lidocaine on the minimum al-
veolar concentration of sevoflurane in dogs. Vet. Anaesth. Analg. 
36: 407–413. [Medline]  [CrossRef]

 21. Muir, W. W., Wiese, A. J. and March, P. A. 2003. Effects of mor-
phine, lidocaine, ketamine, and morphine-lidocaine, ketamine 
drug combination on mínimum alveolar concentration in dogs 
anesthetized with isoflurane. Am. J. Vet. Res. 64: 1155–1160. 
[Medline]  [CrossRef]

 22. Mutoh, t., Nishimura, R., Kim, H. Y., Matsunaga, S. and Sasaki, 
N. 1997. Cardiopulmonary effects of sevoflurane, compared 
with halothane, enflurane, and isoflurane, in dogs. Am. J. Vet. 
Res. 58: 885–890. [Medline]

 23. Nunes de Moraes, A., Dyson, D. H., O’Grady, M. R., McDonell, 
W. N. and Holmberg, D. L. 1998. Plasma concentrations and 
cardiovascular influence of lidocaine infusions during isoflurane 
anesthesia in healthy dogs and dogs with subaortic stenosis. Vet. 
Surg. 27: 486–497. [Medline]  [CrossRef]

 24. Pascoe, P. J., Raekallio, M., Kuusela, E., Mckusick, B. and Gran-
holm, M. 2006. Changes in the minimum alveolar concentration 
of isoflurane and some cardiopulmonary measurements during 
three continuous infusion rates of dexmedetomidine in dogs. Vet. 
Anaesth. Analg. 33: 97–103. [Medline]  [CrossRef]

 25. Pypendop, B. H. and Verstegen, J. 1998. Haemodynamic effects 
of medetomidine in the dog: a dose titration study. Vet. Surg. 27: 
612–622. [Medline]  [CrossRef]

 26. Pypendop, B. H. and Ilkiw, J. E. 2005. The effects of intravenous 
lidocaine administration on the minimum alveolar concentration 
of isofluorane in cats. Anesth. Analg. 100: 97–101. [Medline]  
[CrossRef]

 27. Quasha, A. L., Eger, E. I. and Tinker, J. H. 1980. Determination 
and applications of MAC. Anesthesiology 53: 315–334. [Med-
line]  [CrossRef]

 28. Rehberg, B., Xiao, Y. H. and Duch, D. S. 1996. Central nervous 
system sodium channels are significantly suppressed at clini-
cal concentrations of volatile anesthetics. Anesthesiology 84: 
1223–1233. [Medline]  [CrossRef]

 29. Savola, M. K., Maclver, M. B., Doze, V. A., Kendig, J. J. and 
Maze, M. 1991. The alpha-2-adrenoreceptor agonist dexme-
detomedine increases the apparent potency of the volatile anes-
thetic isoflurane in rats in vivo. Brain Res. 548: 23–28. [Medline]  
[CrossRef]

 30. Seddighi, M. R., Egger, C. M., Rohrbach, B. W., Cox, S. K. and 
Doherty, T. J. 2009. Effects of tramadol on the minimum alveo-
lar concentration of sevoflurano in dogs. Vet. Anaesth. Analg. 36: 
334–340. [Medline]  [CrossRef]

 31. Steagall, P. V., texeira Neto, F. J., Minto, B. W., Campagnol, D. 
and Correa, M. A. 2006. Evaluation of the Isoflurane-Sapring 
effects of lidocaine and fentanyl during surgery in dogs. J. Am. 
Vet. Med. Assoc. 229: 522–527. [Medline]  [CrossRef]

 32. thornton, C., Lucas, M. A., Newton, D. E., Doré, C. J. and 
Jones, R. M. 1999. Effects of dexmedetomidine on isoflurane 
requirements in healthy volunteers. 2: Auditory and somatosen-
sory evoked responses. Br. J. Anaesth. 83: 381–386. [Medline]  
[CrossRef]

 33. triltsch, A. E., Welte, M., Von Homeyer, P., Grosse, J., Genähr, 
A., Moshirzadeh, M., Sidiropoulos, A., Konertz, W., Kox, W .J. 
and Spies, C. D. 2002. Bispectral index-guided sedation with 
dexmedetomidine intensive care: a prospective, randomized, 
double blind, placebo-controlled phase II study. Crit. Care Med. 
30: 1007–1014. [Medline]  [CrossRef]

 34. Uilenreef, J. J., Murrell, J. C., McKusick, B. C. and Hellebrekers, 

http://www.ncbi.nlm.nih.gov/pubmed/1359110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8356868?dopt=Abstract
http://dx.doi.org/10.1111/j.1399-6576.1993.tb03758.x
http://www.ncbi.nlm.nih.gov/pubmed/18072871?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.68.12.1308
http://www.ncbi.nlm.nih.gov/pubmed/22261004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22261004?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2011.12.005
http://www.ncbi.nlm.nih.gov/pubmed/23802667?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.74.7.963
http://www.ncbi.nlm.nih.gov/pubmed/5844267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5844267?dopt=Abstract
http://dx.doi.org/10.1097/00000542-196511000-00010
http://www.ncbi.nlm.nih.gov/pubmed/15457662?dopt=Abstract
http://dx.doi.org/10.2460/javma.2004.225.700
http://www.ncbi.nlm.nih.gov/pubmed/12405634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23910822?dopt=Abstract
http://dx.doi.org/10.1111/vaa.12079
http://www.ncbi.nlm.nih.gov/pubmed/11431999?dopt=Abstract
http://dx.doi.org/10.1111/j.1751-0813.2001.tb12008.x
http://www.ncbi.nlm.nih.gov/pubmed/3345000?dopt=Abstract
http://dx.doi.org/10.1097/00000542-198803000-00020
http://www.ncbi.nlm.nih.gov/pubmed/11019709?dopt=Abstract
http://dx.doi.org/10.2460/javma.2000.217.1025
http://dx.doi.org/10.2460/javma.2000.217.1025
http://www.ncbi.nlm.nih.gov/pubmed/20185644?dopt=Abstract
http://dx.doi.org/10.1213/ANE.0b013e3181c30fa0
http://www.ncbi.nlm.nih.gov/pubmed/19558370?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2009.00471.x
http://www.ncbi.nlm.nih.gov/pubmed/13677395?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2003.64.1155
http://www.ncbi.nlm.nih.gov/pubmed/9256976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9749521?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1998.tb00161.x
http://www.ncbi.nlm.nih.gov/pubmed/16475999?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2005.00236.x
http://www.ncbi.nlm.nih.gov/pubmed/9845226?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1998.tb00539.x
http://www.ncbi.nlm.nih.gov/pubmed/15616060?dopt=Abstract
http://dx.doi.org/10.1213/01.ANE.0000139350.88158.38
http://www.ncbi.nlm.nih.gov/pubmed/6107067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6107067?dopt=Abstract
http://dx.doi.org/10.1097/00000542-198010000-00008
http://www.ncbi.nlm.nih.gov/pubmed/8624017?dopt=Abstract
http://dx.doi.org/10.1097/00000542-199605000-00025
http://www.ncbi.nlm.nih.gov/pubmed/1678296?dopt=Abstract
http://dx.doi.org/10.1016/0006-8993(91)91101-6
http://www.ncbi.nlm.nih.gov/pubmed/19538570?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2009.00468.x
http://www.ncbi.nlm.nih.gov/pubmed/16910849?dopt=Abstract
http://dx.doi.org/10.2460/javma.229.4.522
http://www.ncbi.nlm.nih.gov/pubmed/10655906?dopt=Abstract
http://dx.doi.org/10.1093/bja/83.3.381
http://www.ncbi.nlm.nih.gov/pubmed/12006795?dopt=Abstract
http://dx.doi.org/10.1097/00003246-200205000-00009


SPARING EFFECt OF LIDOCAINE WItH DEXMEDEtOMIDINE 853

L. J. 2008. Dexmedetomidine continuous rate infusion during 
isoflurane anaesthesia in canine surgical patients. Vet. Anaesth. 
Analg. 35: 1–12. [Medline]  [CrossRef]

 35. Valverde, A., Morey, T. E., Hernandez, J. and Davies, W. 2003. 
Validation of several types of noxious stimuli for use in deter-
mining the minimum alveolar concentration for inhalational 
anesthetics in dogs and rabbits. Am. J. Vet. Res. 64: 957–962. 
[Medline]  [CrossRef]

 36. Valverde, A., Doherty, t. J. and Hernandez, W. D. 2004. Effect 
of intravenous lidocaine on isoflurane minimum alveolar con-
centration in dogs. Vet. Anaesth. Analg. 31: 264–271. [Medline]  
[CrossRef]

 37. Vickery, R. G., Sheridan, B. C., Segal, I. S. and Mase, M. 1988. 
Anaesthesia and hemodynamic effects of the stereoisomers of 
medetomidine, an alpha 2-adrenergic agonist, in halothane anes-
thetized dogs. Anesth. Analg. 67: 611–615. [Medline]  [Cross-

Ref]
 38. Wilson, J., Doherty, t. J., Egger, C. M., Fidler, A., Cox, S. and 

Rohrbach, B. 2008. Effects of intravenous lidocaine, ketamine, 
and the combination on the minimum alveolar concentration of 
sevoflurane in dogs. Vet. Anaesth. Analg. 35: 289–296. [Med-
line]  [CrossRef]

 39. Yamashita, K., Okano, Y., Yamashita, M., Umar, M. A., Kushiro, 
t. and Muir, W. W. 2008. Effects of Carprofen and meloxicam 
with or without Butorphanol on the Minimum Alveolar Con-
centration of Sevoflurane in Dogs. J. Vet. Med. Sci. 70: 29–35. 
[Medline]  [CrossRef]

 40. Yamashita, K., Iwasaki, Y., Umar, M. A. and Itami, T. 2009. 
Effect of age on minimum alveolar concentration (MAC) of 
sevoflurane in dogs. J. Vet. Med. Sci. 71: 1509–1512. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/18211626?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2007.00344.x
http://www.ncbi.nlm.nih.gov/pubmed/12926585?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2003.64.957
http://www.ncbi.nlm.nih.gov/pubmed/15509291?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2004.00165.x
http://www.ncbi.nlm.nih.gov/pubmed/2898219?dopt=Abstract
http://dx.doi.org/10.1213/00000539-198807000-00001
http://dx.doi.org/10.1213/00000539-198807000-00001
http://www.ncbi.nlm.nih.gov/pubmed/18363578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18363578?dopt=Abstract
http://dx.doi.org/10.1111/j.1467-2995.2007.00389.x
http://www.ncbi.nlm.nih.gov/pubmed/18250569?dopt=Abstract
http://dx.doi.org/10.1292/jvms.70.29
http://www.ncbi.nlm.nih.gov/pubmed/19959903?dopt=Abstract
http://dx.doi.org/10.1292/jvms.001509

