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ABSTRACT

PURPOSE: To assess the bispectral index (BIS) and recovery in calves anesthetized with xylazine, midazolam, ketamine and isoflurane
and subjected to CRI of lidocaine.

METHODS: Xilazine was administered followed by ketamine and midazolam, orotracheal intubation and maintenance on isoflurane
using mechanical ventilation. Lidocaine (2 mg kg™! bolus) or saline (0.9%) was administered IV followed by a CRI (100 pg kg!' minute™')
of lidocaine (L) or saline (C). Were recorded BIS, heart rate (HR), mean arterial pressure (MAP) and rectal temperature (RT) before
administration of premedication (TB) and 15 minutes after (TX), before administering lidocaine (T0) and 20, 40, 60 and 80 minutes
after the start of the CRI . Time do sternal recumbency (SRE) and standing (ST) and plasma lidocaine concentration also evaluated.
RESULTS: In both treatments BIS decreased significantly at all times compared to TB. TX was higher than the subsequent times. HR
decreased from baseline at all times and decreased from T40 in L compared to C. SRE was higher in L compared to C.
CONCLUSIONS: Bispectral index values were consistent with the degree of hypnosis of the animals. Lidocaine did not potentiate
isoflurane anesthesia assessed by BIS in unstimulated calves anesthetized with constant E’Iso. Lidocaine increased the time to sternal
recumbency.

Key words: Anesthesia, inhalation. Intermittent Positive-Pressure Ventilation. Anesthesia Recovery Period. Chromatography. Cattle.
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Introduction

One of the main concerns of the anesthetist is the
assessment of anesthetic depth. An inadequate plane of anesthesia
in large animals may be associated with movements that may injure
the animal, professionals that manipulate it or even the equipment
around it. However, an excessive level of anesthesia increases the
risk for complications such as cardiovascular depression and other
adverse effects'.

Clinical assessment of the depth of anesthesia in
animals requires the anesthetist to evaluate a variety of
autonomic and motor reflexes, as well as changes in heart
rate and arterial blood pressure. Although they are easily
obtained, those clinical signs can be an imprecise method
for judging the degree of central nervous system depression
and analgesic requirement. Objective methods for assessing
anesthetic depth and analgesic requirement that use processed
electroencephalographic (EEG) data, such as the bispectral
index (BIS), have been investigated?.

BIS derived from an algorithm which converts a single
channel frontal EEG into an index of hypnosis that has been
used’. The BIS is computed in real time, and algorithms generate
a number between 0 and 100, in which 0 indicates an isoelectric
EEG and 100 represents the normal, conscious state®.

The use of the BIS has been investigated in several animal
species including goats, horses, pigs, cats, dogs and alpacas'*®.
The results of these studies are inconsistent, and in some studies
a strong relationship between BIS and anesthetic depth has been
found, in contrast to other studies. However, there are no reports
that assess BIS in cattle.

It is believed that providing adequate analgesia before,
during and after anesthesia and surgery minimizes patient
stress and maximizes patient well-being®. Lidocaine is the most
commonly used local anesthetic in veterinary medicine. It has
been given intravenously (IV) during surgery as a supplement for
general anesthesia!®. Several studies have evaluated its effect on
the MAC of inhaled anesthetics®!'""* demonstrating a decrease in
inhalation anesthetics requirements'*!s as well as intrinsic analgesic
properties'®’. The clinical changes induced by continuous rate
infusion (CRI) of lidocaine have been reported in dogs, cats and
horses'®?'. However, the direct influence of lidocaine on the BIS
has only been evaluated in dogs®.

The purpose of the study was to evaluate the bispectral
index in awake, sedated and anesthetized calves, as well as to
determine the effects of continuous rate infusion of lidocaine at

100 pg kg minute'on BIS and recovery of calves anesthetized
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with xylazine, midazolam, ketamine and maintained at a constant
end tidal concentration (E’Iso) of isoflurane. The author’s
hypothetised that BIS would be consistent with degree of hypnosis
of these animals and that CRI of lidocaine would not cause relevant

changes on BIS and recovery from anesthesia.

Methods

Research approved by Institutional Animal Care and
Use committee (protocol number 006409). Eight male Holstein
calves aged 10 + 1 months and weighing 114 + 11 kg were used
in the study. All calves were considered healthy based on results
of physical examination and complete blood count (CBC).
Food was withheld for 24 hours and water for 12 hours before
procedures.

Calves were anesthetized in two occasions in
a cross-over design. The first four animals were treated
with (L) the with

saline (C). A washout period of at least 10 days was awaited

lidocaine and next four animals
between treatments, so that each calf could receive both
treatments.

Before administration of pre-anesthetic medication,
calves were restrained in left lateral recumbency and a 16-gauge
catheter (Intracath; BD, Juiz de Fora-MG, Brazil) was inserted
percutaneously into the right jugular vein for drug administration.
Another 22-gauge catheter (Insyte; BD, Juiz de Fora-MG, Brazil)
was inserted into the left auricular artery for invasive monitoring
of arterial blood pressure.

Pre-anesthetic medication consisted of 0.05
mg kg' IV xylazine (20 mg mL-'Dopaser; Calier, Osasco, SP,
Brazil) and 15 minutes after, induction of anesthesia was carried
out with 2.0 mg kg™ ketamine (10 mg mL"' Vetaset; Fort Dodge,
Campinas-SP, Brazil) and 0.1 mg kg' midazolam (5 mg mL"!
Dormire; Cristalia, Itapira-SP, Brazil) given intravenously.
Immediately after induction, animals were intubated and
positioned in right lateral recumbency. Subsequently, anesthesia
was maintained with isoflurane (Isoforine; Cristalia, Itapira-SP,
Brazil) at constant E'Tso of 1.3%?, using a calibrated vaporizer
(HB, Sao Paulo-SP, Brazil) and rebreathing circuit system
(Conquest Big; HB, Sao Paulo-SP, Brazil) with 15mL kg!
minute! oxygen flow. End-tidal isoflurane concentration and
end-tidal carbon dioxide tension (PE’CO,) were monitored using
a digital gas analyzer (Dixtal 2020; gas analyzer module, Dixtal,
Manaus-AM, Brazil). Samples were continuously obtained from
a sample line connected between the endotracheal tube and the

breathing circuit.
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Intermittent positive pressure ventilation (IPPV) was
set at the beginning of the procedure with a respiratory rate (f,)
of six breaths minute! and peak inspiratory airway pressure of
15 emH,O using a mechanical ventilator (Conquest Big; HB,
Sdo Paulo, SP, Brazil). A 40-minute period was awaited prior
to drug administration and data collection in order to guarantee
equilibration of isoflurane.

Mean arterial pressure (MAP) was assessed through
a 22-gauge catheter (which was placed in a branch of the left
auricular artery and connected to a calibrated pressure transducer
placed at the level of the sternum, which was zeroed prior to
recordings). Heart rate (HR) was derived from the computerized
electrocardiogram (DX-2020; Dixtal, Manaus-AM, Brazil)
adjusted to lead II. Rectal temperature (RT) was measured using a
digital thermometer (BD, Juiz de Fora-MG, Brazil).

After preparation period, calves in treatment L received
2.0 mg kg ' IV lidocaine (20 mg mL"!, Xylestsin; Cristalia, Itapira-
SP, Brazil) administered in 30 seconds followed by a 100 pg
kg!' minute! CRI of lidocaine. The lidocaine solution for CRI
was prepared by adding 100 mL of lidocaine to 900 mL of 0.9 %
sodium chloride (Glicolabor, Ribeirao Preto-SP, Brazil), resulting
in 2.0 mg mL"' lidocaine in the final solution. For treatment C the
same methodology was applied, however, 0.9% sodium chloride
solution substituted lidocaine at the equivalent volume for each
calf. Solutions were infused at 3.0 mL kg' hour!' through an
infusion pump (ST55072, Samtronic, Sao Paulo-SP, Brazil).

Bispectral index was assessed by a monitor (DX-
2020; bispectral index module, Dixtal, Manaus-AM, Brazil)
connected to the manufacturer designed BIS sensor (BIS
Quatro Sensor, Aspect Medical System, Norwood, MA, USA).
The head of each animal was shaved and cleansed with diethyl
ether and the sensor was placed in frontal-temporal position,
adapted from Campagnol et al’. Electrode 1 was placed
on the midline of the frontal bone region, above the eyes.
Electrodes 2 and 4 were placed at an angle of 15° to 30° from
the transverse plane. Electrode 3 was placed on the temporal
bone region, cranial to the base of the left ear. The impedance
of the electrodes was automatically checked by the BIS monitor
and rejected if less than 7.5 kQ. Artifacts were identified by
applying high and low frequency filters that were adjusted to
70 and 2Hz, respectively. The BIS number was hand recorded
during 1 minute (one number per second) for each measure and
the mean value was considered a single BIS number for that
time point. The signal quality index (SQI), suppression ratio
(SR) and electromyography (EMG) were also recorded in order
to verify the reliability of BIS.

and subjected to continuous rate infusion of lidocaine

Anesthesia and CRI were discontinued after the last
measurement and calves were allowed to recover. Time to sternal
recumbency (SRE) and standing (ST) were evaluated.

For determining plasma concentrations of lidocaine,
5 mL blood samples were collected into lithium heparin tubes
through the 16-gauge catheter inserted into the left jugular
vein during anesthesia, and directly from the jugular vein after
recovery. Samples were stored in a cooler with ice. At the end of
each experiment, plasma was centrifuged for 10 minutes at 1000
g and frozen at -80°C prior to analysis. Plasma concentrations of
lidocaine were determined through liquid chromatography tandem
mass spectrometry method using electrospray ionization®.

Variables BIS, HR, MAP and RT were recorded before
premedication (TB), 15 minutes after premedication (TX), before
lidocaine or sodium chloride 0.9% (T0) and every twenty minutes
after the start of CRI (T20, T40 T60 and T80). P_’CO, was recorded
from TO. In the L treatment group, blood samples for assessing
plasma concentration of lidocaine were collected in T20, T40, T60,
T80, ST, one hour after ST (T1h) and two hours after ST (T2h).

For Statistical analysis data are expressed as mean and
standard deviation (x = SD). Shapiro-Wilk test was performed for
attesting normal distribution (BioStat 5.8.4 professional; Analyst
Soft, Chicago, USA). Normally distributed data (parametric)
were analyzed through repeated measures analysis of variance
(ANOVA), and Bonferroni multiple comparisons test if significance
was detected. Data that failed normality test (non-parametric) were
analyzed through Friedman test and Dunn posttest. Data concerning
BIS were analyzed with One-way ANOVA and Bonferroni post-
test for multiple comparisons between treatments and moments.
Recovery was analyzed through Student’s t test. Differences were
considered significant when p<0.05. Analyses were performed
using computer software (Graphpad InStat 3; Graphpad Software
Inc., San Diego, C.A, USA). Other data exported from the BIS
monitor and logged were the SQI, EMG, SR and unfiltered EEG
waveforms, but these were not analysed and used only to confirm

that SQI and SR were within acceptable limits.
Results

In this study, BIS recordings in both groups has been
always associated with > 90% signal quality index, suppression
ratio of 0 and low electromyography activity. There were no
significant differences between treatments concerning the BIS
(Table 1). In both treatments BIS decreased significantly at
all times from TB, and in TX it was significantly greater than

subsequent measures.
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TABLE 1 - Mean + standard deviation of bispectral
index in eight calves anesthetized with xylazine, midazolam,
ketamine and isoflurane and subjected to continuous rate infusion
of lidocaine at 100 pg kg! minute™! (treatment L) or 0.9% sodium
chloride (treatment C).

Time
Treatment Baseline Xylazine TO T20 T40 T60 T80

C 96+4* 768 35+ 36+ 38+ 38+ 39+
6c 3c 70 9c 5c
L 93+£3* 74+10° 39+ 35+ 35+ 36+ 36+

SC 3C 20 36 2C

In both treatments, HR decreased significantly from
baseline at all times (Table 2). After administration of CRI of
lidocaine, values were significantly lower at T40, T60 and T80
in L compared to C. There was no significant difference between
treatments in regard to MAP. In both treatments MAP was lower
in TO compared to TB, and in treatment C MAP values were also
lower at TO compared to T40, T60 and T80.

There was no difference among time points within each
treatment and between treatments for PE'CO, and RT (Table 2).

TABLE 2 - Mean + standard deviation of heart rate (HR),
mean arterial pressure (MAP), end-tidal carbon dioxide tension
(PE’CO,) and rectal temperature (RT) of eight calves anesthetized
with xylazine, midazolam, ketamine and isoflurane and subjected
to continuous rate infusion of lidocaine at 100 pg kg' minute!
(treatment L) or 0.9% sodium chloride (treatment C).

Variable Treatment Time
TB TX TO0 T20 T40 T60 T80
70+ 56+ 56+ 60+ 61+ 62+ 62+
HR C Sa 4b 2b 7b 9Aab 7Aab 7Aab
(beats L 71+ 55+ 57+ 50+ 51+ 51+ 51+
minute! 7 3 4b 3B 5Bb QBb
115 101 105 107
MAP C + 91882: 715; 925535 + + +
112 23200 17°
(mm L 112 96+ 82+ 90+ 90+ 89+ 93+
Hg) +8 14® 25> 20® 16® O9® ]
43 43 45 45 44

b

P, CO, c nd nd +7 +£9 +£8 +8 =£8
(mm 39 40 42 42 43+
Hg) L e R
38.5 38.8 38.1 38.0 37.9 38.0 38.0
RT C + + + + + + +
05 05 07 09 08 09 1.0
38.7 39,0 38.3 38.4 38.3 383 384
(°O) L + o+ + + + + +
06 05 09 09 07 08 1.0

nd = not done
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SRE was significantly greater in treatment L compared to
C. There was no significant difference in ST between treatments
(Table 3).

TABLE 3 - Mean =+ standard deviation of time to
achieve sternal recumbency and standing position of eight calves
anesthetized with xylazine, midazolam, ketamine and isoflurane
and subjected to continuous rate infusion of lidocaine at 100 pg
kg! minute! (treatment L) or 0.9% sodium chloride (treatment C).

Time (minutes)

Recovery

Treatment C Treatment L
Sternal recumbency 16 +44 23+ 88
Standing position 22+5 28+ 11

The plasma concentration of lidocaine ranged from 1.85
to 2.06 pg mL" during CRI of lidocaine, and decreased to 1.34 pg
mL" in the ST, 0.23 pg mL"! in the T1h and 0.07 pg mL! in the T2h.

Discussion

The use of a CRI of lidocaine at 100 pg kg' minute! was
based on one previous study using lidocaine in ruminants'>.

The BIS values observed when calves were awake,
sedated and anaesthetized were compatible with the changes in
degree of hypnosis of the animals, since BIS is inversely related to
depth of anesthesia®.

BIS is usually found above 90 in unmedicated, awake
humans and steadily decreases as the proportion of sedation and
hypnosis increases. Values ranging from 40 to 60 are generally
associated to surgical anesthesia (unconscious patient), whereas
values > 60 are considered to represent increasing levels of
consciousness?. Previous studies have evaluated BIS in horses',
cats?® and dogs’ anesthetized with isoflurane in concentrations close
to 1 MAC, and have reported 45 as the lower mean BIS value found.
Unlike these findings, in our study, the mean values of BIS during
maintenance of anesthesia with 1 MAC isoflurane always remained
below 40, which demonstrates that in this species BIS values in
unconscious patients are probably lower than those reported in other
species. Thus, further research is necessary in order to evaluate the
correlation between hypnosis and BIS in cattle.

Vesal et al.'* have reported that CRI of lidocaine promoted
reduction of anesthetic requirement of isoflurane in 17%. However
this has not been demonstrated by the BIS in our study, since CRI
of lidocaine promoted only a slight decrease in BIS (not significant).
According to Hans et al.?’ this could not be evidenced by the BIS
because the effects of TV lidocaine are related to anti-nociceptive action



Bispectral index in calves anesthetized with xylazine, midazolam, ketamine, isoflurane

rather than hypnosis. The results of several studies*®* also suggested
that the dynamic changes in BIS following noxious stimuli have
greater correlation with the level of hypnosis and depth of anesthesia
compared to BIS values recorded in the absence of noxious stimuli.
CRI of lidocaine has significantly decreased HR.
Similarly, Pypendop and Ilkiw'® have observed this decrease
in cats anesthetized with isoflurane, which received a CRI of
lidocaine at predetermined rates to achieve plasma concentrations
of 3 to 11 ng mL-'. Studies in horses?', dogs'® and bovines'* have
demonstrated no changes in HR in response to CRI of lidocaine.
Several studies suggest that IV lidocaine can promote changes in
HR by interacting with sodium channels and by inhibiting cellular
calcium influx, thereby promoting changes in depolarization and
conduction speed in myocardial Purkinje fibers?*?°,
CRI of lidocaine increased time to recovery for both
SRE and ST, but significant difference between treatments was
only observed in SRE. Dzikiti et al.'' have anesthetized horses
with CRI of lidocaine and have also reported slightly prolonged
recovery. On the other hand, Valverde et al.*® have reported that
CRI of lidocaine has a negative effect on recovery from anesthesia
in horses because it increases the degree of ataxia. This has not
been observed in our study, where animals of both treatments have
showed the same pattern of recovery, with only a slight increase
in time. However it is important to note that bovines normally
recover well from general anesthesia and rarely attempt to stand up
precociously, remaining in sternal recumbency until they are fully
able to stand. Similarly Vesal et al.'® have not observed adverse
effects in isoflurane-anesthetized calves that received CRI of
lidocaine and have reported that all calves recovered uneventfully.
During CRI of lidocaine, plasma lidocaine concentration
values obtained in this study during CRI were similar to those
reported by Doherty et al.® in goats subjected to the same CRI of
lidocaine (1.6 ug mL"). However, 50 pg kg! min'' lidocaine CRI
in dogs resulted in plasma concentrations of approximately 1.5 pg
mL"15 and values between 3.0 and 4.0 ug mL" have been reported
for the same infusion rate in isoflurane-anesthetized horses!'!.
According to Doherty et al'> the lower plasma
concentration of lidocaine in goats may be due to a faster clearance.
The reason for the lower plasma concentration of lidocaine in this
study could not be determined, as it would require the investigation

of lidocaine kinetics in bovines.

Conclusions

Bispectral index was consistent with the degree of

hypnosis of calves and infusion of lidocaine at the studied rate

and subjected to continuous rate infusion of lidocaine

did not alter BIS values in unstimulated calves anesthetized with
a constant E'Iso of 1.3%. Furthermore, CRI of lidocaine increased

the time to sternal recumbency.
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