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ABSTRACT

The use of intravenous anaesthesia for short term surgical procedures in animal husbandry practices is increasing.
However, information on the quality of an anaesthetic regime in goats has remained inadequate. Therefore,
electroencephalographic studies were conducted on twelve apparently healthy adult female Barbari crossbred goats,
aged 2 to 4 years, to assess the anaesthetic quality of a propofol and xylazine-ketamine combination. Quantitative
analysis of EEG parameters [Total power, Median Frequency, Spectral Edge Frequency 90 (SEF-90) and Relative
Power (RP) of different frequency bands delta (3), theta (0), alpha (o) and beta ()] were assessed pre-experimentally
(control), and at one, five, 10, 30 min, one hr, and two hr after intravenous propofol (4 mg/kg) and xylazine (0.05
mg/kg)-ketamine (4 mg/kg) administration. After propofol and xylazine-ketamine administration total power, RP-0
and 0 increased significantly (P<0.05) while SEF 90, MF, RP-a and RP-f decreased. Most of the EEG changes
were adequately depicted in vertex and parietal channels. Spectral analysis of EEG tracings suggested that propofol
produced minimum anaesthetic stress and is a safer and better choice for short term anaesthesia in goats.
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Introduction

Information on the appropriate anaesthetic
for short term surgical interventions in goats is
lacking. Moreover, EEG changes associated with
veterinary anaesthesia are largely unexplored.
Monitoring anaesthetic depth and intraoperative
pain perception through brain functions is becoming
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of increasing concern to anaesthesiologists in
recent times. It makes it possible to recognize the
extent of stress to the body system, and to make
adjustments in the anaesthetic protocol to prevent
untoward effects on the patient (FISH et al., 2011).
Electroencephalography (EEG) is a non-invasive
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method where the recorded waveforms reflect
the cortical electrical activity generated by the
brain cells in the time course of extracellular field
potentials in a synchronous action. EEG has been
found to be an effective tool for evaluation of brain
function in animals (SILVA and ANTUNES, 2012),
quantifying painful distress (HUOZHA et al.,
2011) and detecting stress induced under different
physiological (ANAND et al., 2013; HUOZHA
et al., 2015) and clinical conditions (HUOZHA
et al., 2018) in goats. It also helps to monitor the
adequacy of anaesthesia (SEITSONEN et al.,
2005). Quantitative EEG analysis is the numerical
analysis of EEG data, and is the standard for
evaluating brain activity (BERGAMASCO et al.,
2006; OTTO, 2008).

With the evolution of new anaesthetic agents,
the use of intravenous anaesthetics has increased as
they provide complete surgical anaesthesia within
short periods of time and are very effective, safe and
allow rapid recovery from anaesthesia. Propofol (2,
6-diisopropylphenol)isashort-acting, intravenously
administered hypnotic agent with smooth and rapid
induction, causing minimal residual effects on the
central nervous system (STOELTING and MILLER,
2000; PRASSINOS et al., 2005) and producing
safe and effective anaesthesia (BUFALARI et al.,
1996). Xylazine (2-(2, 6-xylidino)-5, 6-dihydro-
4H-1, 3-thiazine hydrochloride) is a o, adrenergic
agonist inducing deep sedation, muscle relaxation,
and analgesia, and is commonly used for sedation
in ruminants (KHAN, 2007). Ketamine ((RS)-2-(2-
Chlorophenyl)-2-(methylamino)  cyclohexanone)
is a ”dissociative” anaesthetic with hypnotic,
analgesic and amnesic effects, and has a shorter
duration of action with a smaller psychomimetic
profile. Xylazine-ketamine is considered to be
a very reliable anaesthetic combination, where
xylazine is used as premedication and ketamine for
the induction and maintenance of anaesthesia.

Hence, the present study was planned to analyze
the regional activity of the brain in goats during
anaesthesia, evaluating the different EEG changes,
and to ascertain the suitability of propofol and
xylazine-ketamine anaesthesia in goats during short
term surgical interventions.
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Materials and methods

Animals.The initial proposal of the experiment
was duly scrutinized by the Institutional Animal
Ethical Committee, =~ GBPUAT, Pantnagar,
Uttarakhand, India (Vide approval no.: IAEC/VPB/
CVASc/116). Twelve healthy (Local X Barbari)
female goats weighing 23.66 + 2.22 kg, aged 2 to
4 years were kept under optimum managemental
and environmental conditions throughout the
experimental period, under the provisions of ethical
treatment of experimental animals. Prior to the start
of the experiment, all the goats were acclimatized
to the experimental conditions as described
(HUOZHA et al., 2009, MADAN et al. 2017) until
a uniform resting EEG was obtained. The relevant
areas of electrode placement on the scalp were
shaved aseptically one day before the experiment.

Anaesthetic protocol. The goats were allocated
by simple randomization into two groups (P i.e.
propofol and XK i.e. xylazine-ketamine) comprised
of six animals in each group. Food was withheld for
12 hours and water for 6 to 8 hours from all the goats
before anaesthesia. All the animals under the study
were premedicated with glycopyrrolate (Pyrolate,
Neon Laboratories Ltd., Mumbai, India) at the dose
rate of 0.02 mg/kg, injected intramuscularly (IM).
After 5 minutes, the P propofol group (Profol, Claris
Life Sciences Ltd., Ahmedabad, India) anaesthesia
was induced intravenously at the dose rate of 4 mg/
kg. Likewise in the XK group, anaesthesia was
induced by intravenous administration of xylazine
(Xylazin, Indian Immunologicals Ltd., Hyderabad,
India) at the dose rate of 0.05 mg/kg IV, followed
after five minutes by ketamine (Aneket, Neon
Laboratories Ltd., Mumbai, India) at the dose rate
of 4 mg/kg IV.

Electroencephalographic recordings. A seven-
channel monopolar montage: F3-Ref., F4-Ref,,
Cz-Ref., P3-Ref., P4-Ref., O1-Ref., and O2- Ref.
(even number: right hemisphere, odd number: left
hemisphere; F: Frontal, Cz: Vertex; P: Parietal;
O: Occipital; R: Reference electrode) was used
in the goats in sternal recumbency as described
(MADAN et al., 2017) to record brain bioelectric
activity. The leads were connected to the head box
of the EEG recording instrument - RMS Brain
View Plus (Recorder & Medicare Systems, Ambala
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Cantt., India). The sensitivity of the instrument
was maintained at 7.5uV/mm; speed: 30mm/
sec; time constant: 0.02 sec; Hf = 70 Hz; Lf = 1
Hz; notch filter inserted; impedance <10 kQ;
acquisition band pass: 0.1 to 30 Hz, using the 10 to
20 system conventions (International Federation of
Societies for Electroencephalography and Clinical
Neurophysiology). A standardized silver disc
electrode (1 cm diameter) filled with bentonite EEG
paste was used to maintain conductivity. Before
placement of the electrodes, the sites were rubbed
with ethanol to remove skin oil. Five minutes after
the electrodes were placed and after achieving a
stable plane of anaesthesia, EEG recording was
started. The data generated were stored in an
acquisition station (RMS SSEEG 2.1 acquisition,
RMS Brain View Plus). During the EEG recording,
the serial behavioural activities of each animal
were noted. EEG readings were recorded pre-
experimentally (control) at one, five, 10, 30 min,
one hr, two hr after the induction of propofol or
xylazine-ketamine. Special emphasis was placed
on eliminating obvious artifacts due to ocular
movements, muscular activity such as ear shaking,
limb movement etc., and inadvertent movement
of the handler and animals. Three recordings of
artifact-free, acceptable qualitative EEG of 3 s each
were utilized for spectral analysis.

Quantitative/spectral analysis (q-EEG). Spectral
analysis of each recording was performed with the
help of a server (RMS Super Spec) using integrated
software (Fast Fourier transformation). Fast Fourier
transformation was performed for the complete
frequency spectrum (0.1 to 30 Hz) to generate total
power (uV?), Median Frequency (Hz), Spectral
Edge Frequency 90 (Hz) (Fig. 1) while relative
power (%) was generated over different frequency
bands including delta (9, 0.1 to 4.0 Hz), theta (0, 4.1
to 8 Hz), alpha (a, 8.1 to 12.0 Hz), and beta (B3, 12.1
to 30 Hz) to discover the relative strength of each
bandwidth within the spectrum (MURRELL and
JOHNSON, 2006). These parameters of bioelectric
activity were generated for each electrode at each
time point. Data from each electrode were analysed
separately. The mean of the three recordings for
each time interval and for both the experiments
was calculated to generate a single value for a
particular animal from a particular electrode. The
Kolmogorov—Smirnov test was employed for
analysis of data for normal distribution. Thereafter,
the data obtained for each parameter from both
the groups of goats were analysed by two-way
ANOVA, carried out with the help of STPR 3 and
STPR 43 (Standard programme 3 and 43) which
was developed to generate statistically significant
differences between each electrode amongst the
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* P - Total area under the curve.

* MF - Frequency below which 50% of
P..: of EEG is located.

* SEF-90 - Frequency under which 90%
of P, of EEG is located.

Fig. 1. Schematic representation of EEG Power Spectrum
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Fig. 2. Line diagrams depicting q-EEG parameters of best channel under different anaesthetic conditions in goats

anaesthetic groups at each time interval, and
between different time intervals in each group. The
data are presented as mean + standard error of mean
difference, and statistical significance was fixed at
P<0.05.

Results

During the study, while inducing propofol
anaesthesia in group P and xylazine-ketamine in
group XK in goats, pain perception evaluation was
done by EEG tracings which are summarized in Fig.

48

2. Throughout, anaesthesia induction was smooth,
except that apnoea developed in two goats after
propofol administration, but the goats recovered
spontaneously.

Amongst the q-EEG parameters, Total Power
(P, specifying the total area under the EEG wave,
increased significantly (P<0.05) in both groups
with the adequacy of anaesthesia within one minute
of induction, being best exhibited in the vertex
(C) channel of EEG. Total power in C, channel

Vet. arhiv 92 (1), 45-52, 2022
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increased from 3726.04 + 743.54uV? (control) to
4538.88 + 379.37uV? (at 1 min) then 5444.64 +
350.25uV? (at 5 min) after propofol, and 7163.67
+1025.05uV?2 (at 1 min) then 5831.60 + 834.64pV?
(at 5 min) after xylazine-ketamine administration.
Group XK revealed significantly (P<0.05) greater
values achieved earlier.

Spectral Edge Frequency 90 (SEF-90) in
both groups decreased significantly (P<0.05)
with anaesthetic adequacy within one minute of
induction. The results were best exhibited in the left
frontal channel. SEF-90 in the F, channel decreased
from 9.02 + 0.72Hz (control) to 5.02 = 0.72Hz after
propofol and 4.27 + 1.20Hz after xylazine-ketamine
administration, at 5 min.

Similarly, Median Frequency (MF) in both
groups decreased significantly (P<0.05) with the
effectiveness of anaesthesia, with the best results
in the left parietal region of the brain. MF in the
P, channel decreased from 2.03 + 0.18Hz (control)
to 1.20 = 0.18Hz (at 1min) then 0.53 + 0.21Hz
(at 5 min) after propofol, and 1.28 + 0.26Hz (at
Imin) then 2.01 + 0.17Hz (at 5 min) after xylazine-
ketamine administration. In group XK, after
decreasing maximally at 1 min, MF increased to
pre-experimental values at 5 min, earlier than in
group P.

Relative power (RP), depicted in Fig. 2, showed
that RP-0 in both groups significantly (P<0.05)
increased from the control value of 68.76 =+
1.74% to 71.47 £ 1.75% at 5 min, then gradually
reached its maximum value (79.50 + 3.41%) after
10 min in group P, while attaining maximum RP
(79.49 £ 1.66%) at 5 min and decreasing to 72.29
+ 1.66% at 10 min after anaesthesia induction in
group XK. The best results were exhibited in right
parietal region. The RP-0 values were significantly
(P<0.05) higher in group P goats up to 5 minutes of
induction, as compared to goats of group XK. The
pre-anaesthesia values in the P, channel increased
from 17.84 +2.28% t0 26.14 +2.28% (at 1 min) and
28.77 +2.28% (at 5 min) after propofol, and 15.00 +
3.47% (at 1 min) and 11.99 + 2.47% (at 5 min) after
xylazine-ketamine induction. The results revealed
significantly (P<0.05) higher RP-0 values in group
P, which was exhibited best in the left parietal region
of the brain. RP-a and RP-f significantly (P<0.05)
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decreased with anaesthetic efficacy in both groups,
with the best results in the right parietal (RP- o)
and vertex channels (RP- B). RP- a in P, channel
decreased from 9.37 £ 1.36% (control) to 5.94 +
1.10% (at 5 min) and 2.74 + 0.75% (at 10 min)
after propofol, and 4.85 £ 0.85% (at 5 min) and
5.51 = 0.88% (at 10 min) after xylazine-ketamine
administration. RP- B in the C, channel decreased
from 7.05 £ 1.59% (control) to 4.62 = 1.58% (at 5
min) and 1.73 + 0.57% (at 10 min) after propofol,
and 3.72 £ 1.27% (at 5 min) and 4.66 + 1.27% (at
10 min) after xylazine-ketamine administration.
Group P revealed significantly (P<0.05) lower RP-a
and RP-B values.

Discussion

Electroencephalography is a non-invasive
method, where the recorded waveforms reflect
the cortical electrical activity generated by the
brain cells in the time course of extracellular field
potentials in a synchronous action.

The primary objective of surgical anaesthesia
is insensitivity to pain. General anaesthesia is
associated with neuroelectric changes in the brain,
which are partly detected by EEG recordings from
scalp electrodes. Alertness and somnolence are
associated with the level of nervous activity of the
diencephalons and ascending reticular formation of
the brainstem (MAGOUN, 1950). EEG has become
anadjudicatedtool foranaesthesiologiststorecognize
the wakefulness, sedation, or unresponsiveness
state of the animal, and thereby: (1) decreasing the
incidence of intraoperative awareness by detection
of inadequate anaesthesia; (2) reducing time to
awakening and overall anaesthetic consumption;
and (3) providing surrogate information on cerebral
perfusion. Inadequate information is available to
determine the appropriate anaesthetic for short
term surgical procedures in goats. Moreover, EEG
changes associated with veterinary anaesthesia are
largely unexplored.

This study analyses the brain’s regional activity
in goats during anaesthesia, evaluating the different
EEG changes, and thus ascertaining the better
anaesthetic between propofol and xylazine-ketamine
in goats for short term surgical interventions.
Propofol is a short acting lipophilic intravenous
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general anaesthetic resulting in hypnosis. Xylazine
is methyl benzene, an o, adrenergic agonist and
an analogue of clonidine, inducing deep sedation,
muscle relaxation, and analgesia. Ketamine is a
NMDA receptor antagonist and a “dissociative”
anaesthetic with hypnotic, analgesic and amnesic
effects. The Xylazine-ketamine combination is
a reliable anaesthetic, where xylazine is used as
premedication and ketamine for the induction and
maintenance of general anaesthesia.

EEG power indicates the number of neurons
discharging synchronously. It could be assumed
that EEG power is a measure that reflects the
capacity or performance of cortical processing
information. Relative power tends to give higher
estimates for dominant frequency range and lower
estimates for frequencies which fall outside this
range (BERGAMASCO et al., 2005).

The results showed a significant (P<0.05)
increase in total power post-anaesthesia and a
decrease during recovery from the anaesthetic
state, supporting previous observations in propofol
anaesthetized goats (ANTOGNINI et al., 2001;
MADAN et al., 2010) and halothane anaesthetized
chicken (MCILHONE et al., 2018). With increasing
concentrations of the anaesthetic drug, cortical
activity is depressed (GEORGE et al., 2017).
Higher amplitudes during anaesthesia occur due to
the improved merger of electrical potentials from
individual neurons when fired at lower frequency
(CUNNINGHAM, 1997). Group P revealed
significantly (P<0.05) lower values in most
electrodes compared to the XK group, suggesting
xylazine-ketamine elicits better anaesthetic effects
than propofol.

SEF-90 refers to the power of frequency
accounting for 90% of the total EEG power, while
median frequency refers to the power of frequency
accounting for 50% of the total EEG power. In
different studies a significant decrease in SEF was
observed during general anaesthesia (KULKA
et al., 2012; KOCH et al., 2017; MCILHONE et
al.,, 2018) in different species. ANTOGNINI et
al. (2001) hypothesized that propofol indirectly
depresses EEG and midbrain reticular formation
neuronal responses to noxious stimulation, in part
by subcortical action.
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Also, MF significantly increased from the awake
baseline data with anaesthetic adequacy. Our result
supports previous observations in pigs (MARTIN-
CANCHO et al., 2006), chicken (MCILHONE et
al., 2018) and rainbow trout (BOWMAN et al.,
2019). MF after xylazine-ketamine administration
started advancing to its pre-anaesthetic values
earlier (after 1 min) compared to after propofol
administration. Therefore, propofol elicited slightly
better anaesthetic effects on MF.

The & and O relative power increased
(synchronization) with the anaesthetic efficacy. In
contrast, slow-wave activity was observed with a
simultaneous decrease (synchronization) in o and
B activity. These changes reversed with the return
to consciousness. Our results are similar to the
anaesthetic studies in children (KOCH et al., 2017),
and rainbow trout (BOWMAN et al., 2019). A
decrease in frequency was reported in goats during
epidural anaesthesia (HUOZHA et al., 2011), and
drowsiness (HUOZHA et al., 2009). Also, MADAN
et al. (2017) observed similar changes in RP-0 and
-a during resting phases in goats. RP-8 reached its
peak steadily (at 5 min) after xylazine-ketamine
administration. Therefore, xylazine-ketamine was
observed to be more effective on RP-6. Group P
revealed significantly (P<0.05) higher RP-6 values
in most electrodes, but significantly (P<0.05) lower
RP-a and -p values, suggesting that propofol has
better anaesthetic effects.

A pre-eminent depiction of EEG power spectrum
parameters: MF, RP-0 in the left parietal channel,
RP-a,-3 in right parietal and P_, RP-B in vertex
channels was observed in both the anaesthetic
groups (Fig. 2). Therefore, it was inferred that
the parietal and vertex areas of the brain are most
active during the anaesthetized state in goats.
Propofol manifested superior anaesthetic effects
on g-EEG parameters: RP-0, -a, -, and MF, while
xylazine-ketamine exhibited better effects on total
power and RP-8. Both the anaesthetics displayed
a non-significant effect on SEF-90. Among the
four frequency bands of relative power analysed,
the theta oscillating networks are fastest in
discrimination (BERGAMASCO et al., 2005). The
anaesthetic effects on EEG tracings also indicated
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that propofol anaesthesia is metabolised faster and
exhibits easier and quicker recovery.

Therefore, considering the  anaesthesia
exhibiting the best effects on RP-0 and exhibiting
better anaesthetic effects on the majority of q-EEG
parameters, propofol can be said to be the better
anaesthetic for short term anaesthesia in goats.

Conclusion

EEG is a reliable tool for assessment of pain
perception at the depth of surgical anaesthesia, as
revealed in this study of propofol and xylazine-
ketamine anaesthesia in goats. Propofol and
the xylazine-ketamine combination are widely
used short term anaesthetics for minor surgeries
in goats. q-EEG changes were best depicted in
parietal and vertex channels under both anaesthetic
regimens. EEG tracing conveniently evaluated the
better anaesthetic between propofol and xylazine-
ketamine. Spectral analysis of EEG tracings
suggested that propofol produced minimum
anaesthetic stress and is the safer and better choice
for short period anaesthesia in goats. Propofol
anaesthesia can be incorporated in minor surgeries
in other ruminants as well, and the anaesthetic
regimen can be used as such or with some
modifications depending on the species.
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SAZETAK

U stocarskoj praksi se za kratkotrajne kirurSke zahvate sve vise primjenjuje intravenska anestezija. Nedostaju

medutim podaci na temelju kojih bi se ustanovila kvaliteta anestezijskog protokola u koza. Kako bi se procijenila
kvaliteta kombinacije anestetika propofola i ksilazin-ketamina, provedena je analiza elektoencefalografskih
pokazatelja u 12 zdravih odraslih koza. Koze su bili krizanci barbari pasmine u dobi od 2 do 4 godine. Kvantitativna
analiza EEG pokazatelja (fotal power, median frequency, SEF-90, relative power delta-d, theta-0, alfa-a i beta-f3
frekvencijskih pojaseva) procijenjeni su prije pokusa (kontrolna skupina), te 1, 5, 10, 30 minuta, jedan sat i dva
sata nakon intravenske primjene propofola (4 mg/kg) i ksilazin (0,05 mg/kg)-ketamina (4 mg/kg). Nakon primjene
propofola i ksilazin-ketamina total power, te relative power-9 i relative power-0 znakovito su porasli (P < 0,05), dok
su se SEF' 90, median frequency, relative power-a. i relative power-f snizili. Ve¢ina EEG promjena odgovarajuce je
prikazana u verteksu i parijetalnim kanalima. Spektralna analiza EEG-a upucuje na to da propofol u anestezijskom
protokolu uzrokuje minimalan stres te je, u usporedbi sa ksilazin-ketaminom, za kratkotrajnu anesteziju koza sigurniji
1 bolji izbor.

Kljuéne rijefi: anestezija; elektroencefalografija; koza; propofol; ksilazin-ketamin
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