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Summary

The aim of the present study was to evaluate the adjunction of lidocaine as a continuous intravenous (IV) infusion during general anaes-
thesia with isoflurane in a clinical setting. For this purpose sixty horses (ASA I-Ill) undergoing elective surgery were assigned to a prospec-
tive, blinded, randomized clinical trial. After induction of anaesthesia, isoflurane end-tidal concentration was set at 1.3% and subsequent-
ly adjusted to maintain surgical plane of anaesthesia. Horses assigned to the group ISO-L (n=40) received IV lidocaine (1.5 mg kg'!, fol-
lowed by 2.4 mg kg™! hr'!, reduced later to 2 mg kg'' hr'') until 15 minutes before the end of the anaesthesia, while the control group I1SO
(n=20) received physiologic saline solution. All horses were ventilated mechanically. Mean arterial pressure (MAP) was maintained over
70 mmHg by IV infusion of dobutamine when necessary. Recovery quality was scored from one (very good) to five (very poor). The isoflu-
rane concentration required in ISO-L group decreased down to 24% less (1.2% vs. 1.57%, P<0.05) than in the ISO group with time.
Physiological parameters were similar in both groups. Recovery phases were scored of slight, but significant poorer quality (P=0.034) in
horses receiving lidocaine (2, IQR 1-3) than in the control group (1, IQR 1-2), although the quality was still acceptable. The use of a con-
tinuous IV infusion of lidocaine at 2-2.4 mg kg'! hr'! during general anaesthesia allowed for 24% reduction of the isoflurane requirement,
without relevant difference in clinical cardiovascular parameters. Under the condition of the present study, the administration of lidocaine
tended to reduce moderately the quality of recovery from anaesthesia.
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Kontinuierliche intravenése Lidocain-Infusion fur chirurgische Eingriffe bei Pferden wéhrend Isofluran Narkose

Erméglicht eine Lidokain-Infusion eine Reduktion des Isofluranverbrauchs wahrend der Narkose bei klinischen equinen Patienten ohne
dabei gleichzeitig schlechtere Aufwachphase zu verursachen? In diese Studie wurden 60 Pferde einbezogen die fur elektive chirurgische
Eingriffe abgelegt wurden und in zwei Gruppen eingeteilt. Eine Gruppe bekam Isofluran (ISO) allein, die andere Gruppe bekam Isofluran
in Kombination mit einer intravendsen Dauertropfinfusion von Lidocain (ISO-L, Bolus: 1.5 mg/kg; Erhaltung: 2.4 mg kg' h''). Nach Préa-
medikation mit Romifidin und Narkoseeinleitung mit Diazepam und Ketamin wurden die Tiere orotracheal intubiert und an ein Kreissystem
angeschlossen. Die endexspiratorische Isoflurankonzentration wurde auf 1.3 % eingestellt und wéhrend der gesamten Narkosedauer ange-
passt, um ein Narkosestadium der chirurgischen Toleranz aufrechtzuerhalten. Nach 50 Minuten wurde die Infusionsrate des Lidocain auf
2 mg kg'! h'! reduziert und die Infusion 15 Minuten vor Narkoseende gestoppt. Die klinischen Standardparameter fir Atmung und Kreis-
lauf wurden aufgezeichnet. Durch mechanische Beatmung wurde der endexspiratorische CO,-Wert auf 5,3 kPa (40 mmHg) gehalten. Der
mittlere arterielle Blutdruck wurde Gber 70 mmHg gehalten und wenn nétig durch Dobutamin Infusion unterstitzt. Bei Anzeichen ungeni-
gender Narkosetiefe (Nystagmus und/oder Bewegung), erhielten die Pferde Thiopental (0.5-1.5 mg kg'). Bei Narkoseende erhielten die
Pferde jeweils zusdtzlich einen Bolus Romifidin (0.01 mg kg™'). Die Aufwachphase wurde bewertet von 1 (sehr gut) bis 5 (sehr schlecht). Die
benstigte Isofluran Konzentration fir die Pferde in der Gruppe ISO-L nahm wéhrend der gesamten Narkosedauer stetig ab, so dass nach
60 min 24% weniger Isofluran notwendig war (1.2%), als in der reinen ISO-Gruppe (1.57%). Die physiologischen Parameter waren in bei-
den Gruppen dhnlich. Die Bewertungen der Aufwachphase waren leicht aber signifikant unterschiedlich (P=0.034). In der ISO-L Gruppe
war die Aufwachphase etwas lénger, und mit niedrigerer Qualitét (2, IQR 1-3 versus 1, IQR 1-2) als in der Kontrollgruppe. Durch die Kom-
bination von Inhalationsnarkose (Isofluran) und einer intraoperativen Dauertropfinfusion von Lidocain wird der Isofluranverbrauch erheb-
lich reduziert, aber die Aufstehphasequalitéit leicht aber signifikant verschlechtert.

Schlusselwérter: Anésthesie, Narkose, Analgesie, Isofluran, Lidocain, intravends

Introduction

The most negative effects of general inhalation anaesthesia
using isoflurane leading to high perioperative morbidity rate
are linked to the high concentration of the inhalant anaes-
thetics (Johnston et al. 1995) and their dose-dependent car-
diopulmonary depression (Steffey 1978, Steffey et al. 1980).
Moreover, the poor analgesic effect of such volatile anaes-
thetics leads to unstable cardiopulmonary parameters in
response to surgical stimulation.
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While there is still a marked response of the autonomic ner-
vous system to surgical noxious stimuli when volatile anaes-
thetics are used alone (Roizen et al. 1981), systemically admi-
nistered lidocaine further depress neuronal activity (Zhao et
al. 2009) as a result of its antinociceptive properties. Partial
intravenous anaesthesia (PIVA) combines volatile anaesthesia
with the analgesic properties of intravenously administered
anaesthetic and analgesic agents, with the aim of stabilizing
the physiological parameters. This technique also aims at
reducing prolonged recovery due to high dose of volatile or
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intravenous (IV) anaesthetics, while providing an adequate
plane of surgical anaesthesia (Kushiro et al. 2005, Spada-
vecchia et al. 2002). In dogs, IV lidocaine infusion signifi-
cantly reduced anaesthetic requirement (Matsubara et al.
2009, Muir et al. 2003, Steagall et al. 2006, Valverde et al.
2005, Wilson et al. 2008). Driessen (2005) reviewed early
the potential of IV lidocaine CRI for equine PIVA and present-
ed some personal experience with a reduced infusion rate
(1.8 mg kg™! h'") compared to previous publications (Doher-
ty und Frazier 1998, Dzikiti et al. 2003) that used 3 to 6 mg
kg h'l. Further investigations confirmed the ability of syste-
mic administration of lidocaine to decrease dose-dependent-
ly anaesthetic requirements during general anaesthesia in
horses (Rezende et al. 2011, Valverde et al. 2010) without
intra-anaesthetic physiological or metabolic adverse effects
(Valverde et al. 2010, Wagner et al. 2011), but with the risk
at the recommended dosage (3 mg kg™ h”') to develop high
plasma levels under general anaesthesia (Feary et al. 2005)
and poor quality of the recovery phase (Valverde et al. 2005,
Valverde et al. 2010). To our knowledge at the moment this
study was performed, there were only two trials performed to
compare the administration of lidocaine to a control group in
a clinical sefting (Dzikiti et al. 2003, Valverde et al. 2005),
but using high dose of lidocaine and with different recovery
methods.

The objective of this study was to investigate the sparing
effect of lidocaine on inhalational anaesthetic requirement in
a prospective clinical setting. We hypothesized that IV admi-
nistration of lidocaine infusion between 2.0 and
2.4 mg kg h'' reduces the end-tidal isoflurane concentra-
tion required for general anaesthesia in horses undergoing
elective sur-gery. Cardiopulmonary functions as well as qua-
litative recovery characteristics were also investigated for
effect of treatment.

Materials and Methods

The present study received agreement of an internal ethics
review committee and the owner consent for participation to
the study and exploitation of the data was obtained for each
horse included.

Animals

Sixty adult horses referred to a veterinary hospital for surgery
were included in the trial. Horses assigned ASA status IV or V
and pregnant mares were not included. Horses that under-
went surgical procedures performed in less than 60 minutes
were excluded from analysis and a new horse was then recru-
ited. Animals were randomly assigned to receive one of the
following anaesthetic maintenance protocols: twenty horses
in the control group ISO, receiving isoflurane (Isoflo, Essex,
Munich, Germany) combined with IV infusion of physiologic
saline solution, and forty horses in the group L-ISO, receiving
isoflurane combined with IV lidocaine (Lidocain 2%, Albrecht,
Aulendorf, Germany) continuous rate infusion. Food was
withheld overnight, but access to water was always granted.
After local surgical preparation, a 12-gauge, 8 cm long poly-
propylene catheter (Braunile MT, B.Braun, Melsungen, Ger-
many) was placed in one of the jugular vein before anaes-
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thesia. The anaesthetist was always the same and was una-
ware of the treatment administered.

Anaesthetic technique

The horses were premedicated with 80 ug kg' romifidine
(Sedivet, Boehringer Ingelheim Vetmedica, Ingelheim, Ger-
many) IV and anaesthesia was induced with 0.1 mg kg™ dia-
zepam (Diazepam 10, Ratiopharm GmbH, Ulm, Germany)
and 3 mg kg ketamine (Ursotamin, Serumwerk Bernburg
AG, Germany) IV. Endotracheal intubation was performed
(28 mm diameter, Willy Risch GmbH, Kernen, Germany) and
the tube connected to a large animal anaesthetic circle
system equipped with a mechanical ventilator (Stephan-Respi-
rator GT, F. Stephan Gmbh, Gackenbach, Germany). Inter-
mittent positive pressure ventilation was set to a respiratory
rate of five breaths min! and a peak inspiratory airway pres-
sure of 25 cmH,0. Respiratory rate was further adjusted to
maintain ET CO, at around 5.3 kPa (40 mmHg). Isoflurane
was administered in pure oxygen (6 L min"!) and regulated
until an end-fidal concentration of 1.3% was achieved. Wit-
hin the 10 first minutes of general anaesthesia, the target was
reached and the isoflurane concentration was then adjusted
according to the anaesthetic depth (see below). Shortly after
endotracheal intubation, horses in the L-ISO group received
a loading dose of lidocaine IV (1.5 mg kg'') over ten minu-
tes, followed by a continuous rate infusion of lidocaine (2.4
mg kg 'h") diluted in isotonic saline (NaCl 0.9%) solution
administered with an infusion syringe pump (Perfusor secura,
B.Braun, Melsungen, Germany). After 50 minutes, the infu-
sion rate was decreased to reduce the dose of lidocaine to 2
mg kg h''. Infusion was stopped 15-20 minutes before the
end of anaesthesia.

Monitoring

Heart rate (HR) was derived from the electrocardiogram.
Systolic, diastolic and mean arterial pressure (SAP, DAP, MAP)
measured from a catheter inserted into the facial artery and
connected to a calibrated pressure transducer (Novatrans |l
MX860, Medex Gmbh, Disseldorf, Germany) were continu-
ously monitored and recorded (Dréger PM 8014-8050, Dra-
gerwerk AG, Libeck, Germany). Respiratory gases were con-
tinuously sampled from the distal end of the endotracheal
tube and respiratory rate (RR), end-tidal concentration of iso-
flurane (FE'ISO) and end-tidal partial pressure of carbon
dioxyde (PE'CO,) were automatically analyzed using the
Drager PM 8014-8050 monitor (Dragerwerk AG, Libeck,
Germany). The gas analyser was calibrated following the
instructions of the manufacturer. Arterial blood samples were
anaerobically collected every 30 minutes from the facial
artery catheter and immediately analyzed (ABL TM5, Radio-
meter Medical A/S, Kopenhagen, Denmark) for arterial pH
and partial pressure of CO, (PaCO,) and O, (PaO,) with
correction for body temperature. Minute volume (MV) and
peak inspiratory airway pressure (PIP) were monitored at
each breath (Capnomac Ultima ™, Datex-Ohmeda, Helsinki,
Finland). Dobutamine (Dobutamin solvay, Solvay Arzneimit-
tel, Hannover, Germany) was infused IV to effect in order to
maintain MAP over 70 mmHg. Every five minutes, the dobu-
tamine dose was adjusted: increased by 0.25 ug kg'min-!
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when MAP decreased or remained below 70 mmHg; main-
tained at the same dosage when MAP ranged between 70
and 80 mmHg or increased from below to above 60 mmHg;
decreased by 0.25 ug kg-Tmin"' when MAP increased from
below to above 70 mmHg; completely stopped when MAP
went above 80 mmHg.

Maintenance of anaesthesia

The end-tidal isoflurane concentration was adjusted to main-
tain a light surgical plane of anaesthesia. According to a
scoring chart (Fig. 1), the anaesthesia depth was scored eve-
ry five minutes between -1 (deep anaesthesia) and +4 (very
light anaesthesia) based upon clinical and physiological
parameters and the end-tidal isoflurane concentration adju-
sted as required. As surgical stimulations could have been
inconsistent within these five minutes periods, the anaesthe-
tist attempted to score during the stimulations rather than
during surgical pauses in order to avoid a non-surgical pla-
ne of anaesthesia (too low isoflurane concentration). Accor-
ding to the presence of movement (score 3 or 4), nystagmus
(score 2), palpebral reflex (score -1 to 1) and variation in
MAP (score O or 1), the vaporizer setting was adapted to
achieve a new end-fidal isoflurane concentration. A score of
1 was assigned when absence of nystagmus and presence of
marked palpebral reflex were associated with an increase in
MAP, compared to a reference value. For each horse, the
reference value was the MAP under anaesthesia just before
the first surgical incision. To reflect isoflurane requirements in
each groups, the percentage of the total anaesthesia time
spent at each end-tidal isoflurane concentration was calcu-
lated for each horse and averaged per group. All the
animals received romifidine (10 ug kg, IV) before recove-
ring under observation but unassisted. Time to swallowing,
to achieve sternal recumbency and to standing position were
recorded. Recovery quality was scored from one (very good)

to five (very poor), according to the following scale: One,
horse standing at first attempt in less than 60 minutes with
minimal ataxia; two, horse standing at first or second
attempt in less than 60 minutes with moderate ataxia; three,
horse standing after more than two attempts, showing mar-
ked ataxia or lasting more than 60 minutes; four, horse stan-
ding with marked ataxia and mild injuries; five, horse stan-
ding with considerable ataxia or with major complication
(wound, muscle tfrauma, excitation).

1. Movement ?

2. Hystagmus ? HO JES 2. Limb movement ?

YES Score 2 Ho YES
HO +04% IS‘O Score 3 Score 4
+ 0.5 mg kg~ THIO| +0.2% IS0 +0.2% IS0

3. Palpebral reflex ? +1.0mg kg’ THIO| [+ 1.5 mg kg THIO|

k

YES
HO 45 ‘
pontaneous or very YES
Score -1
- 0.1% ISO

marked palpebral reflex
HO L l
YES | Score1
+0.1% 1SO
MAP > 15% reference
HO

Fig. 1 Scoring for depth of anaesthesia. This flow-chart repre-
sents the scoring system used to adjust anaesthetic requirement in
order to maintain light surgical depth of anaesthesia. Questions 1.
to 3. are answered by yes or no to obtain the score, the modification
of the isoflurane concentration (ISO) and the intravenous admini-
stration of thiopentone (THIO). MAP: Mean Arterial Pressure.
Beurteilung der Anésthesietiefe. Dieses Diagram zeigt wie die Nar-
kosetiete anhand einer Skala von -1 (tief) bis 4 (sehr wach) beurteilt
wurde. Die Isoflurankonzentration ist damit angepasst worden, um
eine leichte chirurgische Narkosetiefe zu erhalten (Score 0). Frage 1.
bis 3. sind mit Ja oder Nein zu beantworten. MAP: mittlerer arteriel-
ler Blutdruck.

Table 1

Demographic, physiological and anaesthetic parameters. The parameters are presented for both groups of horses ISO, receiving

isoflurane anaesthesia without adjunct, and ISO-L receiving an intravenous continuous rate infusion of lidocaine at 2-2.4 mg kg'h' during

isoflurane anaesthesia. The star (*) represents a statistically significant difference between groups (P<0.05).

Demographische, physiologische und andsthetische Parameter. Die Parameter sind fir beide Gruppen dargestellt. In der Gruppe 1SO, bekommen
die Pferde nur Isofluran; In der Gruppe ISO-L bekommen die Pferde wéhrend der Narkose zusdtzlich zu Isofluran eine kontinuierliche intravenése
Lidocain-Infusion mit 2-2.4 mg kg 'h”'. Der Stern (*) stellt einen signifikanten statistischen Unterschied zwischen den Gruppen dar (P<0.05).

Group ISO  (n=20) Group ISO-L  (n=40)

Age (years) 8.2 (IQR, 2.75-12) 4 (IQR, 3-10.75)
Body Weight (kg) 527.65 = 84.88 546.03 + 60.53
Type of Procedure *

Orthopedic 10 (50 %) 8 (20%)

Castration 2 (10 %) 14 (35 %)

Soft tissue 7 (35 %) 9 (22.5 %)

Eye 1(5%) 9 (22.5 %)
Duration of Anaesthesia (min) * 70 (IQR, 65-100) 60 (IQR, 60-70)
EndTidal Isoflurane (Vol%) * 1.6 (IQR, 1.5-1.7) 1.2 (IQR, 1.1-1.3)
Heart Rate (beats per min) * 29.43 = 4.28 31.18 = 2.53

Mean Arterial Pressure (mmHg)

Dobutamine Use (number of horses)

89 (IQR, 81.5-97)
8 out of 20 (40 %)

83.67 (IQR, 79.21-88.29)
13 out of 40 (32.5 %)

Recovery Time (min) * 34 (IQR, 21.25-48) 43 (IQR, 38-49)
Recovery Score * 1 (IQR, 1-2) 2 (IQR, 1-3)
254 Pferdeheilkunde 28
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Statistical analysis

All the statistical analysis was performed using dedicated sta-
tistical software (Sigmastat for Windows, Systat Software Inc,
USA). For all data, a Kolmogorov-Smirnov test was used to
proof normality (P<0.05). Normally distributed data were
represented as mean = standard deviation, and non para-
metric data were represented as median and interquartile
range (IQR). Significant differences between groups for the

20

End-tidal concentration ( Vol % )

0.8

0.6 T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60
o 1SO Time (min)
—&— [SO-L

Fig. 2  End-tidal isoflurane concentration. This graph represents
the end-tidal isoflurane concentration (Volume per cent) over time in
both groups of horses (ISO, receiving isoflurane anaesthesia without
adjunct, and ISO-L receiving an intravenous continuous rate infusion
of lidocaine during isoflurane anaesthesia).

End-expiratorische Isoflurankonzentration. Diese Graphik zeigt die
mediane end-expiratorische Isoflurankonzentration (Vol%) wéhrend

der Narkose bei den beiden Gruppen ISO und ISO-L.

proportions of types of surgical interventions and number of
horses requiring dobutamine support were analysed with a
Chi-Square test (P<0.05). Significant differences between
groups for single parametric data (weight) were analysed with
a Student-t test (P<0.05). Significant differences between
groups for single non parametric data (age, anaesthesia
duration, recovery duration and recovery score) were analy-
sed with a Mann-Whitney Rank Sum test (P<0.05). Significant
differences between groups for repeated measures of para-
metric data (HR) were analysed with a two-way ANOVA for
repeated measures.

Results

Twenty horses aged 8.2 (IQR, 3-12) years-old and weighting
528-+85 kg body weight were included in the group ISO.
Forty horses aged 4 (IQR, 3-11) years-old and weighting
546=61 kg body weight were included in the group ISO-L.
No difference was found between the groups for age
(P=0.403) nor weights (P=0.338). The group ISO received
significantly (P=0.005) longer anaesthetic procedures com-
pared to the ISO-L group, lasting 70 (IQR, 65-100) minutes
and 60 (IQR, 60-70) minutes, respectively. Six horses from
group ISO and 4 from group ISO-L were maintained under
general anaesthesia for longer than 90 minutes. The type of
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surgical procedure were significantly different between
groups (Table 1, P=0.016). Values for respiratory parame-
ters (RR, TV, End-Tidal CO2) and blood gas analysis remai-
ned within normal ranges and no statistical significant diffe-
rences were found between groups. Values for MAP also
remained within normal ranges in both groups ISO with 89
(IQR, 82-97) mmHg and ISO-L with 84 (IQR, 79-88)
mmHg. The difference did not reach statistical significance
(P=0.108). The number of horses requiring dobutamine to
support the mean arterial blood pressure was also not signi-
ficantly different (P=0.774) between groups with 40 % of
horses within the ISO group and 32.5 % of horses within the
ISO-L group (Table 1). The mean heart rate did differ signi-
ficantly (P=0.031) between groups with 29+4 beats per
minute for the ISO group and 313 beats per minute for the
ISO-L group. Mean isoflurane requirement was significantly
higher (P<0.001, Fig. 2) in the ISO group with 1.6 (IQR,
1.5-1.7) Vol% than in the ISO-L group with 1.2 (IQR, 1.1-
1.3) Vol%. This corresponds to a reduction of isoflurane
requirement by approximately 25% using the lidocaine IV
CRI. The time necessary from the end of the anaesthesia until
the horse was standing was significantly longer (P=0.015)
for horses in the group ISO-L with 44 (IQR, 38-49) minutes
than for the horses in the group ISO with 34 (IQR, 21-48)
minutes. Moreover, the quality of recovery was judged to be
significantly better (P=0.034) for horses in group ISO with a
score of 1 (IQR, 1-2) versus 2 (IQR, 1-3) for horses in group
ISO-L. In both groups one horse was scored a recovery qua-
lity of 4.

Discussion

As hypothesized, the horses receiving an intravenous con-
stant-rate infusion of lidocaine in combination with isoflurane
anaesthesia required 25% less isoflurane than horses anaes-
thetised with isoflurane alone. The depth of anaesthesia and
the mean arterial blood pressure values were maintained at
good levels comparavly in both groups and needed only litt-
le dobutamine addition.

Even though lidocaine is highly metabolized in the liver and
has a short half-life (Engelking et al. 1987), it has been des-
cribed that discontinuing the intravenous infusion shortly
before the end of anaesthesia helps to avoid adverse drug
response. In fact, the pharmacokinetic of lidocaine is influen-
ced by general anaesthesia and higher plasma levels as well
as delayed elimination is expected (Feary et al. 2005). In a
previous study from Valverde et al. (2005) recovery times and
quality in horses undergoing general anaesthesia with addi-
tional lidocaine infusion were evaluated by investigators una-
ware of the treatment. It was noticed that horses receiving
lidocaine until the end of the surgery had a significantly hig-
her degree of ataxia and a tendency for a lower quality of
recovery. However, no sedation was administered during
recovery, lidocaine was administered at 3 mg kg h"' and
ketamine and xylazine were administered when inhalant ana-
esthesia was discontinued. In another study, Ringer et al.
(2007) continued lidocaine infusion until the end of anaes-
thesia and compared it to medetomidine, a powerful sedati-
ve, showing that lidocaine induced more ataxia during reco-
very. In the present study, the lidocaine dose was reduced (2-
2.4 mg kg h'!) compared to previous studies. This dosage
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is within the range of the recommended dosages by Malone
et al. (2006) and Doherty and Frazier (1998) and plasma
levels are expected to be maintained below predicted toxicity.
Moreover, the CRI was discontinued 15 minutes prior o the
end of anaesthesia and romifidine was administered in the
recovery box. However, the recovery time was still significant-
ly longer and the subjective recovery score significantly incre-
ased (worse) in the group receiving lidocaine. Still, the reco-
very quality was acceptable (recovery score <4) in most cases
including horses receiving lidocaine. The relatively short
duration of anaesthesia (mostly below 90 minutes) is also to
be considered.

Surgical anaesthesia commonly required 1.2-1.4 times the
minimum alveolar concentration (MAC) when using inhala-
tion anaesthesia. For isoflurane, MAC is close to 1.2% in hor-
ses (Steffey et al. 1977). Therefore, FE'ISO often reaches
1.6Vol% during surgical anaesthesia. In the present study,
lidocaine CRI allowed for reduction to 1.2Vol%. This result
correlates with MAC reduction of volatile agents in the studies
of Doherty and Frazier (1998) for 20% of halothane use
under experimental condition, and 25% of isoflurane use by
Dzikiti et al. (2003) in a clinical setting where 2.5 mg kg! fol-
lowed by 3 mg kg-1 h-1 of lidocaine was administered. When
ketamine and lidocaine infusions are added to isoflurane
anaesthesia, the isoflurane requirement can be further redu-
ced down to 1.0% (Enderle et al. 2008). This was confirmed
by Villalba et al. (2011) where the addition of morphine did
not further reduce the anaesthetic requirement. Enderle et al.
(2008) reported that volatile anaesthesia with isoflurane and
additional intravenous lidocaine and ketamine CRI results in
a more stable anaesthesia with less undesirable cardiovascu-
lar depression. The sedative and analgesic activity of lidocai-
ne was also demonstrated in conscious horses (Malone et al.
2006, Milligan et al. 2007). In the present study, different
types of surgical intervention were performed between groups
with potentially various noxious infensities. It cannot be deter-
mined if the procedures performed in the group ISO were sig-
nificantly more painful, and responsible for the higher isoflu-
rane requirements. Even though this hypothesis is considered
improbable by the authors, it is to be noted that the types of
surgery were not identical between groups.

According to the absence of undesirable intra-anaesthetic
effect reported here as well as in several other studies, lidocai-
ne can be recommended for routine use as adjunct to isoflura-
ne anaesthesia in horses. Although there is a relevant potenti-
al for more ataxia in the recovery, the benefits of lidocaine to
significantly reduce the requirement for volatile agent under
general anaesthesia has been well documented and meets
medical, economical and safety issues. Several other properties
have been mentioned for systemic administration of lidocaine,
like cellular and biochemical effects on intestinal smooth mus-
cle, blockade of inhibitory spinal and peritoneal sympathetic
reflexes, inhibition of central hyperalgesia, anfi-inflammatory
and antiendotoxic actions (Brianceau et al. 2002, Doherty und
Seddighi 2010, Malone et al. 2006, Peiro et al. 2010, Robert-
son et al. 2005, Van Hoogmoed 2003) suggesting other inter-
esting benefits for lidocaine administration.

To conclude, the present clinical study confirmed previous

experimental investigations, that lidocaine can be administe-
red intravenously as a routine adjunct to isoflurane general
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anaesthesia in horses allowing for reduction of the volatile
anaesthetic requirement from 1.6 down to 1.2Vol%. All hor-
ses were ventilated and the cardiovascular depression was
similar with or without lidocaine. When stopping lidocaine
administration 15 minutes before the end of anaesthesia,
administering lower infusion rates and sedating the horse, the
recovery phase was maintained at acceptable quality but ten-
ded to be prolonged and induce more ataxia than without
lidocaine.
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