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Changes of lidocaine concentration and physiological indices in dogs during
anaesthesia with lidocaine and isoflurane combined with ketamine or fentanyl
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Abstract

Fentanyl and ketamine are often used as adjuvants in intravenous anaesthesia to prolong
analgesia. The aim of this study was to compare changes of the basic physiological variables of
intravenous lidocaine administration in combination with ketamine or fentanyl, and to evaluate
the impact of addition of fentanyl or ketamine to lidocaine on serum lidocaine concentrations
in dogs after intravenous administration. During general anaesthesia, dogs of group L received
2% lidocaine intravenously, dogs of group LF received 2% lidocaine and fentanyl, and dogs
of the group LK received 2% lidocaine and ketamine. The heart rate, systolic arterial pressure,
diastolic arterial pressure, mean arterial pressure and rectal temperature decreased in all groups,
and group LF showed the biggest effect on the basic physiological variables, with the lowest heart
rate during the test, significantly decreased rectal temperature, and the most decreased values of
arterial pressure. Blood for determination of serum lidocaine concentration was taken before
anaesthesia and 5, 30, 60, 90, 120, 150 and 180 min after initial intravenous injection of drugs.
Fentanyl and ketamine did not cause significant changes of serum lidocaine concentration in dogs
and may be used as adjuvant in intravenous anaesthesia without a significant increase in lidocaine
absorption.

Xylocaine, analgesia agent, cardiovascular system, canine

In small animal practice, inhalant drugs often cause dose-dependent cardiovascular
depression. This situation, coupled with the fact that the analgesia provided by volatile
anaesthetics is still controversial, justifies a continued search for improvement. Balanced
anaesthesia which takes advantage of the well-known synergistic and additive interactions
between injectable drugs (analgesics or sedatives) and volatile anaesthetics can decrease
the dosages of each component while inducing general anaesthesia of sufficient depth
with fewer side effects (Muir et al. 2003). Considering that volatile anaesthetics offer
suboptimal analgesia, many authors focused on injectable agents that could provide
sufficient analgesia to complement inhalant anaesthesia (Wilson et al. 2008). Thus,
a combination of inhalant anaesthesia and analgesic has been widely advocated.

Lidocaine (L) is the commonly used perioperative analgesia agent for its Na*/Ca**
channel block function (Fozzard et al. 2005). Ketamine (K) is a non-competitive
NMDA receptor antagonist that has analgesic and anaesthetic properties and has been
used to induce and supplement general anaesthesia (Wilson et al. 2008). Fentanyl (F)
is a fast yet short-acting highly lipid soluble synthetic p-opioid (Pascoe 2000). It is
frequently administered as an intravenous constant rate infusion (CRI) in the context of
anaesthesia for perioperative analgesia and to reduce inhalant anaesthetic requirements
(Ilkiw 1999). Therefore, in the present study, we established 3 anaesthesia protocols
with either intravenous lidocaine alone or in combination with ketamine or fentanyl
in dogs anaesthetized with isoflurane, comparing the changes in basic physiological
variables.
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The toxic dose of serum lidocaine concentrations for muscle fasciculations is
8.21 £ 1.69 pg/ml (Wallace et al. 1997). The animals were anaesthetized by intravenous
use of lidocaine, therefore neurological signs could not develop. Serum lidocaine
concentrations are worth detecting. In the present study, we used several analgesic drugs,
but whether the complex interactions between the analgesic drugs would influence serum
lidocaine concentrations was a question worth investigating. Song et al. (1994) and
Gusak et al. (2013) found similar lidocaine plasma concentrations in the group which
received epidurally lidocaine only and the group which received lidocaine with fentanyl
or morphine. We are unaware of any literature on the influence of ketamine or fentanyl
on lidocaine absorption from intravenous administration. Thus, the other purpose of this
study was to evaluate the influence of ketamine or fentanyl addition to lidocaine on serum
lidocaine concentrations in dogs after intravenous administration. Moreover, we aimed
to evaluate the cardiovascular effects of the established three protocols which may have
an influence on lidocaine absorption following intravenous administration and its serum
concentrations in dogs anaesthetized with isoflurane.

Materials and Methods

Animals

The study was approved by the Animal Ethics Committee of the Northeast Agricultural University (20140306)
in China. Eighteen mixed-breed adult dogs, male and female, weighing from 7 to 10 kg, and 0.8 to 2 years of age,
were used for this study. All the dogs were healthy - based on physical examination, complete blood (cell) count
(CBC), serum biochemistry, and urinalysis.

Experimental design

Using a random numbers table, the dogs were assigned to three treatment groups, with each group consisting
of six dogs. Staff and students working on the case were all blinded to the treatment given. The dogs of group
L received intravenously lidocaine, loading doses (LD) of 3 mg/kg, and then a constant rate infusion (CRI)
of 3 mg/kg/h. The dogs of group LF received intravenously lidocaine (LD 3 mg/kg; CRI 3 mg/kg/h) and
fentanyl (LD 0.004 mg/kg; CRI 0.004 mg/kg/h). The dogs of group LK received intravenously lidocaine
(LD 3 mg/kg; CRI 3 mg/kg/h) and ketamine (LD 0.6 mg/kg, CRI 0.6 mg/kg/h) (Aguado et al. 2011). Loading
doses (LD) were made up with the calculated volume of L (2% lidocaine hydrochloride injection, Hualu Pharma
Co., Ltd., Shandong, PR China), L+F (fentanyl, Shengyang Veterinary Drugs Pharma Co., Liaoning, PR China),
or L+K (ketamine hydrochloride injection, Shengyang Veterinary Drugs Pharma Co., Liaoning, PR China);
diluted to a final volume of 10 ml in saline, and administered over 5 min. Following LD administration, CRI
was delivered using a syringe pump (Perfusor Secura FT; Braun, Netherlands). The CRI’s were made up with the
calculated volume of L, L+F, or L+K to final volumes of 20 ml in saline and delivered at 10 ml per hour for all
groups. For each study group (L, LF, LK), solutions of intravenous drugs were prepared by a person not involved
in the study.

Pre-medication, induction and maintenance of anaesthesia

Food, but not water, was withheld for 12 h before the experiment. The dogs were premedicated with atropine
(atropine sulphate injection, Hainan Pharma Co., Ltd., Hainan, PR China) at a dose of 0.04 mg/kg BW s.c.
Induction of anaesthesia was performed with propofol (propofol injection, Xian Libang Pharma Co., Ltd., Shanxi,
PR China) at a dose of 4-5 mg/kg BW i.v. Following endotracheal intubation, anaesthesia was maintained with
isoflurane (Isoflu, Jiupai Pharma Co., Ltd., Hebei, PR China) delivered through a circular breathing circuit.
Intravenous anaesthesia was administered 30 min after the start of isoflurane administration.

The dogs were positioned in lateral recumbency. Ventilation volume and frequency were set to maintain
normocarbia (etCO, = 35-40 mmHg) before intravenous drugs administration, and isoflurane concentration was
controlled until the end-tidal concentration reached 2.0%. A body temperature probe was inserted into the rectum,
and a heating blanket was provided to maintain body temperature. Anaesthetics were administered by the same
staff.

Instrumentation, monitoring and data collection

Right or left cephalic vein was cannulated using a 22 or 24 G over the needle catheter for the administration of
the induction agent and lactated Ringer’s solution at 10 ml/kg body weight (BW) per hour. A second IV catheter
was placed for the administration of intravenous drugs.

The start of CRI was regarded as “0 min”, and CRI proceeded for 120 min. After CRI, isoflurane inhalation
anaesthesia was stopped. After withdrawal from isoflurane anaesthesia, the dogs were observed until the time



93

of extubation and the first instance of standing upright was recorded. The extubation criteria were swallowing
or signs of resistance to the endotracheal tube.

The electrocardiogram (lead II), heart rate (HR), systolic arterial blood pressure (SAP), diastolic arterial blood
pressure (DAP) and mean arterial blood pressures (MAP), arterial haemoglobin saturation by oxygen (SpO,)
and rectal body temperature (RT) were monitored with a non-invasive monitor (Datex-OhmedaS/5TM; Datex-
Ohmeda Division Instrumentarium) before anaesthesia, during anaesthesia (5, 10, 20, 30, 45, 60, 90 and 120 min
after the start of the intravenous drugs CRI). Non-invasive blood pressure was monitored via a correctly sized cuff
placed circumferentially around the left antebrachium of each dog, with the cuff width approximately 40 percent
of the total circumference of the limb. Measurements were always taken by the same person and the median
of 5 measurements was considered the final data.

Blood for determination of serum lidocaine concentration was collected in Li-heparin vials with a blood taking
needle from the saphenous vein before general anaesthesia and 5, 30, 60, 90, 120, 150 and 180 min after initial
intravenous drug injection. Serum was separated by centrifugation (3000 x g for 10 min) and stored at —80 °C
and kept frozen until analysed. Lidocaine serum concentrations were determined using commercially available
enzyme-linked immunosorbent assays for dogs (Beinglay Biotech Co., Ltd., Wuhan, PR China) as described by
the manufacturer.

Statistical analysis

To validate the random allocation of the dogs into 3 groups, one-way ANOVA was used for continuous
quantitative variables (age, weight) and for qualitative variable (sex). Cardiovascular indicators were analysed
by means of ANOVA, during extubation and the first instances of standing upright after discontinuing isoflurane
anaesthesia were also analysed. Data are reported as means + SD. The significance level was established as
P < 0.05. Statistical analysis of data was performed with the SPSS computer software (SPSS- Statistical Product
and Service Solutions 13.0, SPSS Incorporation, Chicago, IL, USA).

Results

Table 1 shows the quantitative and qualitative variables of the dogs in the study. There
were no significant differences, confirming that all dogs were randomly allocated to the
L, LF and LK groups.

Table 1. Continuous quantitative and qualitative variables for dogs in groups L, LF and LK

Group L Group LF Group LK
Age (years) 1.55+0.54 1.45+0.34 1.53+0.45
Weight (kg) 8.18 £1.03 8.72+0.91 8.60+1.17
Sex % (female/male) 50.0/50.0 66.7/33.3 50.0/50.0

Group L - dogs received intravenously lidocaine; group LF - dogs received intravenously lidocaine and fentanyl;
group LK - dogs received intravenously lidocaine and ketamine; n = 6 dogs per group. Data represent mean = SD.
No significant differences between groups were noted in any of the variables recorded.

The heart rate, rectal temperature, and arterial pressure during the 120-min anaesthesia
period in three groups of dogs are presented in Table 2. All three groups showed a reduction
in the heart rate, but it remained within the general physiologic boundaries for the dogs
in all 3 groups (70 to 130 bpm). The heart rate was 89.3 bpm during LF anaesthesia,
111.2 bpm during LK anaesthesia, and 105.0 bpm during L anaesthesia (Table 2). There
was a significant difference in the heart rate between groups LF and LK at 60 min
(P =0.024), and a significant difference between groups L and LF at 120 min (P = 0.039).
Within these three groups, there were no significant differences in the heart rate at the other
time points.

Compared with the baseline rectal body temperature (38.8 = 0.2 °C), rectal temperature
was decreased significantly during LF (37.1 £ 0.1 °C; P = 0.0005) and LK (37.7 + 0.8 °C;
P = 0.016) anaesthesia. The rectal body temperature showed a decreasing trend during
L anaesthesia (38.3 + 0.4 °C; P = 0.117). There were significant differences in the rectal
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30 min (P = 0.012), and 45 min (P = 0.035). There were significant differences between
group L and group LK at 5 min (P = 0.004), 10 min (P = 0.033), 20 min (P = 0.027), and
45 min (P = 0.013), and no significant difference between groups LF and LK at all time
points.

The duration from discontinuing isoflurane anaesthesia to extubation differed among all
three groups. The shortest time was associated with group L and the longest with group
LF. There were significant differences among the groups (LF compared with L, P = 0.004;
LF compared with LK, P = 0.004; Table 3). The duration between discontinuing inhaled
anaesthesia and the first instance of standing also tended to be longer in group LF, and the
difference among the groups was significant (LF compared to L, P = 0.012; LF compared
to LK, P=0.01).

Table 3. Duration of extubation and first instance of standing upright after discontinuing isoflurane anaesthesia.

Groups n Time (min) extubation FISU

L 6 6.3+£4.2° 18 +£8.9
LF 6 31.7+11.0° 83.7 £ 36.6"
LK 6 63+2.3° 15.0+9.6°

L - dogs received intravenously lidocaine; LF - dogs received intravenously lidocaine and fentanyl; LK - dogs received
intravenously lidocaine and ketamine. FISU - first instance of standing upright. Data represent mean + SD. Different
superscripts indicate differences between groups.

In all groups, lidocaine reached its peak concentration after 5 min, the maximal serum
concentrations of lidocaine were 1.34 = 1.31 in group L, 1.94 £ 1.75 in group LF, and
1.49 £ 1.50 in group LK (means + SD). However, the increase in the serum concentration
of lidocaine in all groups was not particularly time-dependent. Group LF had the highest
serum lidocaine concentration and group L had the lowest value after 5, 30 and 60 min,
but there was no significant difference between the groups. After 90 and 120 min, minimal
differences between groups were observed, but group LF had the lowest serum lidocaine
concentration. Concentration at 180 min was about 50% value of the 5 min concentration
in all groups, and a steady state was maintained after completing 120 min of CRI (Table 4).

Table 4. Serum lidocaine concentrations (pg/ml) for dogs in groups L, LF, and LK during and after continuous
intravenous administration of L, LF, and LK.

Groups Time (min)

0 5 30 60 90 120 150 180
L 0 1.34+131 095+062 0.73+£047 0.67+0.38 080+0.51 0.83+0.53 0.73+0.54
LF 0 1.94+1.75 130+£095 1.12+121 0.79+048 0.71+038 0.68+0.42 0.86+0.57
LK 0 149+1.50 1.09+022 0.79+0.47 097+0.57 0.82+0.62 0.81+0.56 0.90+0.53

L - dogs received intravenously lidocaine; LF - dogs received intravenously lidocaine and fentanyl; LK - dogs
received intravenously lidocaine and ketamine; n = 6 dogs per group. Data represent mean + SD. Significant
differences from group L, *P < 0.05.

Discussion

During the 120-min anaesthesia, while dogs were warmed by a heating blanket, rectal body
temperature was depressed compared to baseline values before anaesthesia. Dogs in groups
LF and LK showed a lower rectal body temperature than those in group L. This result can be
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explained by the known influences of fentanyl and ketamine on thermoregulation (Ulugol et
al. 2000; Zilberstein et al. 2008). Given that temperature changes of 23 °C are within the
normal range, we consider the changes in the current study to be acceptable. Nevertheless, these
findings underline the necessity of thermal support during anaesthetic procedures.

Fentanyl and ketamine are capable of producing multiple, at times intense, cardiovascular
effects. The main effect is a decrease in the heart rate (Bhargava 1981) which corroborates
the effect observed in the present study. This activity is due to the increase in systemic
vascular resistance, which produces a compensatory bradycardia reflex mediated by
baroreceptors (Gaynor and Muir 2008). In the present study, group LF presented
a greater effect on the heart rate than group LK. Lidocaine can also cause decrease in
HR as described by other literature reports for the depressive effect of lidocaine on the
cardiovascular system (MacDougall et al. 2009). Although the heart rate in all three
groups remained within the ranges considered to be normal for dogs, dogs anaesthetized
with LF and LK displayed a lower heart rate than those anaesthetized with L alone.

Apart from causing changes in the heart rate, fentanyl and ketamine cause important
changes in arterial pressure. Usually a decrease below basal values was observed, probably
due to the vasodilatory effect (Almeida et al. 2007). Lidocaine is vasoconstrictor in
subclinical doses, but clinical doses can cause vasodilatation, hypotension is the most
frequent side effect of lidocaine administration (Gold et al. 1998). In the present study, a
decrease in arterial pressures in all groups could be observed 5 min after the start of CRI
and continued until the end of the experiment, and all values were within the physiological
range. Group LF presented the greatest effect on arterial pressures compared to the other
two groups in the present study.

Ketamine is widely used for intravenous induction and maintenance of general anaesthesia
in dogs. It has analgesic properties even at subanaesthetic doses (Correll et al. 2004).
Because recovery from ketamine is not smooth and muscle rigidity occurs, this drug is
not recommended as the sole intravenous agent (Muir et al. 1977), even during inhalation
anaesthesia (Muir and Sams 1992). Therefore, ketamine is commonly combined with
other agents. Lidocaine has been successfully combined with ketamine in goats (Doherty
et al. 2007) and dogs (Muir et al. 2003), resulting in reduction of additive isoflurane
minimum alveolar concentration without ketamine-induced side effects. Fentanyl and
other opioid analgesics have also been added recently to local anaesthetics to prolong
postoperative analgesia.

Fentanyl and ketamine both have a vasodilatation effect, thus one of the goals of the
present study was to confirm whether fentanyl and ketamine can be used intravenously
without increasing serum lidocaine concentration in dogs. Song et al. (1994) found that
lidocaine plasma concentrations were similar both in the group which received epidurally
lidocaine only and in the group which received lidocaine with fentanyl. Gusak et al. (2013)
found that fentanyl and morphine did not cause significant changes in serum lidocaine
concentration in rabbits. In our study, the increase of lidocaine serum concentration in
groups L, LF and LM was not significant at any time (P > 0.05). The highest serum
concentration recorded in the groups at 5 min can be explained by possible histamine-
induced vasodilatation and consequently by rapid lidocaine absorption.

About the recovery of lidocaine anaesthesia, some authors reported that epidural analgesia
using lidocaine significantly slowed down recovery from isoflurane-induced anaesthesia
in humans, and they thought that was because afferent nociceptive stimuli involved in
promoting recovery from anaesthesia were blocked by epidural lidocaine (Inagaki et al.
1994). We found in the present study that the time until extubation and the first instance of
standing upright tended to take longer in group LF compared to groups L and LK, but the
differences were not significant. This might be because the vasodilatation effect of fentanyl
and ketamine enhanced the recovery from lidocaine anaesthesia.
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In conclusion, the results of our study suggest that changes in the basic physiological
variables after intravenous lidocaine administration in combination with ketamine
or fentanyl were within the physiological range, and group LF showed the most marked
effect, with the lowest HR during the test, significantly decreased BT, and the most
decreased values of arterial pressures. Fentanyl and ketamine do not cause significant
changes of serum lidocaine concentration in dogs and can be used as an adjuvant in
intravenous anaesthesia in the tested doses.
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