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Abstract

HE present study aimed to compare the anaesthetic performance of three total intravenous

anaesthesia (TIVA) protocols in Egyptian Baladi goats aged 3-5 months. All animals received
nalbuphine (0.5 mg/kg 1V) as premedication, followed by induction with ketamine (7 mg/kg) and
midazolam (0.7 mg/kg). Maintenance was achieved with propofol alone (P), propofol plus midazolam
(PM), or propofol combined with midazolam and ketamine (PMK). Physiological parameters,
including heart rate (HR), respiratory rate (RR), oxygen saturation (SpO.), rectal temperature, and
arterial blood pressures (SAP, DAP, MAP), were monitored at 5-minute intervals up to 60 minutes.
Electrocardiographic (ECG) variables were assessed at 10, 20, 40, and 60 minutes following
nalbuphine administration. No arrhythmias were observed in any group, and minor alterations in ECG
waveforms remained within normal limits. All protocols induced reductions in HR, RR, and blood
pressures during maintenance, though the PMK group maintained significantly higher HR, RR, and
MAP values compared with P and PM. These findings indicate that ketamine minimized the
depressant effects of propofol, resulting in more stable hemodynamic and respiratory profiles. Rectal
temperature decreased significantly across all groups, with no notable intergroup variation. In
conclusion, the PMK protocol offered the most stable anaesthetic profile, combining cardiovascular
safety with adequate respiratory function, thereby supporting the role of ketamine as a valuable
component of balanced TIVA in goats.
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dissociative, and  noncumulative  intravenous
anesthetic agents [4]. Propofol has good quality
anesthesia, has a short duration of action, with rapid

Introduction
Total intravenous anesthesia (TIVA) and inhalation

anesthesia are two of the common types of general
anesthesia. TIVA provided better post-operative
recovery with fewer post-operative side effects than
inhalation anesthesia [1]. Total intravenous
anesthesia (TIVA) has become an increasingly
utilized technique in  veterinary  medicine,
particularly for small ruminants, due to its feasibility,
safety, and ability to maintain a stable anesthetic
plane without reliance on inhalant agents. Goats,
being sensitive to stress and prone to anesthetic
complications, require well-balanced anesthetic
protocols that ensure adequate sedation, muscle
relaxation, analgesia, and cardiorespiratory stability
[2, 3].

Propofol is a phenolic compound unrelated to
general  anesthetics, non-barbiturates, non-

recovery. It may be used alone or in combination
with other drugs, and has a wide safety range [5].

Ketamine is a dissociative anesthetic drug that
has remained the principal component in anesthesia
management for small ruminants, due to its
affordable cost, analgesia, and wide safety margin
[6]; however, it is associated with excitatory signs
during recovery. Therefore, it is usually co-
administered with other adjuncts, such as
benzodiazepines [7], in an effort to improve muscle
relaxation and reduce the required dose of ketamine.

The development of drugs with selective opiate
receptor activation has resulted in improved
analgesia while minimizing respiratory depression
and excitatory effects. Nalbuphine is a semi-s [8]. It
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is used to overcome opioid-induced cardiopulmonary
depression and sustain k-mediated analgesia [9].
Nalbuphine is proven to induce comparable analgesia
as morphine when given in equal doses [10]. In
humans, nalbuphine is regarded as an important
element of multimodal anesthesia and used as a pain-
relieving medication for moderate and severe
conditions, preoperative and postoperative analgesia,
and gynecological interventions [11]. Nalbuphine has
not been extensively used in veterinary practice;
however, some studies of the use of nalbuphine have
been reported in goat [9], cats [12], dogs [13], and
horses [14]. Therefore, nalbuphine is proposed as an
appealing narcotic analgesic with fewer undesirable
effects and decreased regulatory limitations than
other opioids.

Midazolam is an imidazobenzodiazepine
derivative that has been reported as a sedative,
muscle relaxant, anticonvulsant [15], and anti-
epileptic drug [16]with minimal cardiovascular
effects [17]. Premedication with midazolam
compared to ketamine alone was found to be
associated with smooth induction and excellent
muscle relaxation in ponies [18]. Midazolam
hydrochloride belongs to the benzodiazepine group
of drugs, and it is 4 times more potent than
diazepam. In addition, it is water-soluble, which
makes it more suitable for intramuscular
administration [19].

Monitoring of vital physiological functions such
as cardiovascular and respiratory profiles is
mandatory in evaluating a drug’s suitability as an
anaesthetic. It allows one to recognize the extent of
physiological stress and to make adjustments in
anaesthetic protocol to prevent untoward effects [20].

Therefore, the search for the best sedative-
analgesic  regimen  for  long-term  surgical
interventions (for one hour) in goats is still ongoing.
Thus, the present study aimed to identify the most
effective total intravenous anesthesia (TIVA)
protocol in goats, providing optimal sedation,
analgesia, and muscle relaxation, with minimal
impact on cardiopulmonary functions.

Material and Methods

This study was in accordance with the guidance
of the Mansoura University Animal Care and Use
Committee (MU-ACUC), Mansoura, 35516, Egypt.
The Approval code was MU-ACUC
(VM.MS.23.04.53).

Animals

Eighteen clinically healthy female crossbred
Baladi goats ranging from 3-5 months old and
weighing 13 * 4 kg were purchased locally from the
Faculty of Agriculture, Mansoura University. Goats
were adapted to the facility environment for at least
two months before the study. They were housed in
three sawdust-bedded rooms in the Mansoura
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Veterinary Teaching Hospital, Faculty of Veterinary
Medicine, Mansoura University, Mansoura, Egypt.

They kept on alfalfa, crushed corn, wheat bran,
and had free access to water. The animals underwent
full pre-anesthetic screening, including complete
physical (HR (beat/minute), RR (cycle/ minute),
MAP (mm/Hg), Temperature ), hematological
(Haemoglobin (g/dl), PCV (%), RBCS (106/ul),
WBCS (103/ul), Neutrophil (%), Lymphocyte(%),
Eosinophil(%), Monocyte(%), Basophil(%)), and
serum biochemical assessments( ALT (unit/l), AST
(unit/1), Albumin (g/dl), Glucose (mg/dl), Creatinine
(mg/dl), Blood urea (mg/dl) ).

Experimental study

The goats were fasted for 12 hours, but water was
provided until 2 - 6 hours before induction of
anesthesia. The right jugular vein was catheterized
using a BIO-FLON IV cannula 22 G (Haryana,
India) on disinfected, clipped skin for the
administration of the anesthetic drugs.

The animals were randomly allocated into three
groups (P: Propofol, PM: Propofol-Midazolam,
PKM: Propofol-Ketamine—Midazolam), with six
animals in each group, using the sealed opaque
envelope method. All animals were premedicated
with nalbuphine 2% (Nalufin, Amoun
Pharmaceutical Company, Egypt) at a dose of 0.5
mg/kg intravenously (IV). Fifteen minutes later,
anesthesia was induced in all animals with a
combination of ketamine 5%  (Ketamine
Hydrochloride, Rotexmedica, Germany) at a dose of
7 mg/kg and midazolam 0.5% (Midathetic, Amoun
Pharmaceutical Company, Egypt) at a dose of 0.7
mg/kg IV, administered in the same syringe. Thirteen
seconds after induction, and once all reflexes (pedal,
corneal, and swallowing) had become sluggish,
endotracheal intubation was performed using a
silicone tube (internal diameter 6.5 mm, Delta-Tube,
Delta Pharma Medical Supplies, Egypt) with the
goats positioned in sternal recumbency. A
laryngoscope (DeltaScope, Delta Pharma Medical
Supplies, Egypt) was used to facilitate the procedure.
Immediately after intubation, the animals were
placed in left lateral recumbency (Figure 1). Five
minutes after induction, anesthesia was maintained
for 40 minutes using constant rate infusion (CRI)
delivered via an infusion pump (InfuTech VP-50,
InfuTech Medical Systems, Egypt). The maintenance
regimens were as follows: Group P received propofol
at 0.4 mg/kg/min, Group PM received propofol at 0.3
mg/kg/min  combined with midazolam at 5
pa/kg/min, and Group PKM received propofol at 0.2
mg/kg/min combined with ketamine at 0.05
mg/kg/min and midazolam at 5 pg/kg/min. All drugs
were diluted with normal saline to a total volume of
60 ml before administration [21-25].

Ringer’s Lactate solution (Lactated Ringer's
Injection, Otsuka Pharmaceutical Company, 500 mL
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infusion bag) administered at CIR 4 mL/kg/hr. [26].
The endotracheal tube was removed after the goats
regained the swallowing reflex. Goats were supplied
with 100% oxygen delivered directly to the tube
(open insufflation, non-rebreathing) at a fresh gas
flow rate of 100 mL/kg/min to maintain high FiO,
and minimize CO, rebreathing throughout TIVA.

Anaesthetic Protocol Assessment

All goats were monitored using a multiparameter
monitor (M69S, Guangdong Biolight Meditech Co.,
Ltd., China). The recorded physiological parameters
included heart rate (HR, beats/min), respiratory rate
(RR, cycles/min), oxygen saturation (SpO,, %)
measured by pulse oximetry through the tongue,
rectal temperature (RT), and blood pressure (systolic,
diastolic, and mean arterial pressure, MAP) obtained
noninvasively with a cuff (4 cm width) placed over
the right brachial artery. These parameters were
recorded at baseline (TO0), after premedication (T5,
T10, T15), five minutes after induction (T20), and
during maintenance (T25, T30, T35, T40, and T60).

Electrocardiography (ECG) was performed using
a CONTEC system (Contec Medical Systems Co.,
Ltd., China) following the base—apex method.
Recordings were obtained in Lead Il with a paper
speed of 25 mm/s and sensitivity set at 10 mm = 1
mV. ECGs were recorded at baseline at TO (Fig. 2A),
after premedication at T10 (Fig. 2B), after induction
at T20 (Fig. 2C), and at T40 and T60 during
maintenance in the PMK group (Fig. 2D & E), the
PM group (Fig. 2F & G), and in the P group (Fig. 2H
& ).

The onset of anesthesia was defined as the time
from administration of the induction agents to the
loss of the pedal reflex. Recovery time was defined
as the interval from discontinuation of anesthetic
infusion to the reappearance of the pedal reflex and
included two parameters: (1) sternal recumbency
time, the time from drug discontinuation to
spontaneous regaining of sternal recumbency, and (2)
standing time, the time from drug discontinuation to
spontaneous standing.

The quality of induction and recovery was
assessed by an experienced anesthetist (ME), who
was blinded to the treatment groups, using a
modified numerical scoring system as described by
[25,27], Table 1. Clinical evaluation of body reflexes
during maintenance of anesthesia was performed
using a numerical scoring system according to [28]
Table 2. Analgesia was evaluated using the pin-prick
test, with scores ranging from 0 to 3 based on
sensory response, following the method of [29] Table
3. The test was applied starting at the perineal region
and progressing cranially toward the head to
determine the extent and depth of anesthesia and
analgesia. Possible side effects were monitored by
continuous observation of the goats during induction,

throughout anesthesia, and during the post-anesthetic
recovery period.

Results

Following nalbuphine administration, most
physiological parameters (HR, SpO,, SAP, DAP,
MAP) remained statistically comparable to baseline
values within each protocol (p > 0.05), indicating
general cardiovascular stability. However, a
significant decrease in respiratory rate (p < 0.001)
and rectal temperature (p < 0.001) was observed
across all groups during this phase.

Transition to the induction phase (T15-T20) with
ketamine and midazolam was associated with a
significant reduction in respiratory rate and arterial
blood pressures (SAP, DAP, MAP) across all groups
(p < 0.001) compared with premedication values,
while heart rate, SpO,, and temperature remained
relatively unchanged.

From the onset of the maintenance phase (T25—
T60), marked alterations became evident. In the PM
and P groups, heart rate, respiratory rate, and arterial
blood pressures (SAP, DAP, MAP) showed
significant reductions within group compared with
induction values (p < 0.001). The decline in heart
rate was particularly pronounced in the P group at
T25 and T30 (p < 0.001). Respiratory rate also
decreased more markedly in the P group compared
with PM and PMK during this phase. In contrast, the
PMK group maintained relatively stable values, with
most changes remaining non-significant over time.
Oxygen saturation was generally stable in PM and P,
while PMK showed a mild but significant increase
by the end of maintenance (p < 0.05). Rectal
temperature continued to decrease significantly over
time in all protocols (p < 0.001), though no
significant inter-group differences were detected.
The mean + SE values of basic physiological
parameters are shown in Table 4.

During the premedication phase (T0-T10),
within-group analysis showed significant reductions
in P, R, and T wave amplitudes as well as in PR and
QT intervals compared with baseline values (p <
0.001), indicating the initial pharmacological effect
of nalbuphine. QRS duration remained relatively
stable during this phase.

At induction (T20), the three groups maintained
comparable values for all ECG parameters (p >
0.05). A consistent reduction in T wave amplitude
was observed in all groups (p < 0.001), while other
parameters (P, R amplitude, PR, QT intervals)
demonstrated only mild but statistically significant
deviations from baseline.

During the maintenance phase (T40-T60), inter-
group differences became more evident. In the PMK
group, both P and T wave amplitudes showed
significant decreases compared with P and PM (p <
0.001), while R wave amplitude increased markedly
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at T60 (p < 0.001). By contrast, the P and PM groups
demonstrated progressive decreases in R wave
amplitude over time, most pronounced in the P
group. QRS duration remained relatively constant
across all groups, with no statistically significant
differences at T40 and T60 (p > 0.05). PR interval
remained stable throughout, with only minor within-
group fluctuations that did not translate into
significant inter-group variation.

Regarding the QT interval, a significant
prolongation was detected in P and PM groups
during maintenance (T40-T60, p < 0.001), while the
PMK group exhibited a progressive shortening,
reaching significantly lower values at T60 (p <
0.001). The mean + SE values of ECG amplitudes
and durations (Table 5).

For swallowing time, PM animals exhibited
significantly longer values compared with P (p =
0.005), while PMK did not differ considerably from
PM (p = 0.097). In contrast, PMK demonstrated a
significantly prolonged swallowing time compared
with P (p < 0.001). A similar trend was observed for
sternal recumbency time, where both PM and PMK
groups took significantly longer to regain the sternal
position compared with P (p < 0.001 for both). No
significant difference was detected between PM and
PMK (p = 0.221). For standing time, both PM and
PMK groups required significantly more time to
stand compared with P (p < 0.001 for both), whereas
the difference between PM and PMK remained non-
significant (p = 0.285, Table 6).

Qualitative assessment revealed that all protocols
provided smooth induction, while the PMK protocol
offered the best overall performance. It ensured the
most profound analgesia (100% score 3), maximal
jaw relaxation (100% score 3), and complete
abolition of palpebral and pedal reflexes in all
animals. In contrast, the PM and, especially, the P
protocol were associated with weaker analgesia and
incomplete muscle relaxation, although the recovery
quality was superior in the P group (Table 7).

Discussion

In the present study, the choice of these drugs is
based on their lesser effect on cardiopulmonary
function, with the achievement of the optimum
sedation, analgesia, and complete muscle relaxation.

Following nalbuphine administration, a non-
significant increase in heart rate (HR) and blood
pressure was observed. This aligns with previous
findings in dogs and humans, suggesting that
nalbuphine has minimal impact on the cardiovascular
system [30,31]. The slight sympathomimetic effect
may be attributed to its k-receptor activation within
the CNS [32], which could transiently enhance
sympathetic output, particularly affecting renal
sympathetic tone and peripheral vascular resistance
[33,34], While baroreflex regulation, which helps
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control blood pressure via arterial pressure sensors, is
influenced by the activation of «-receptors, the
overall effect on blood pressure is usually moderate.
The baroreflex may be altered slightly by
nalbuphine, leading to a gradual, non-significant
increase in BP during anesthesia [35] as reported in
calves [36]. The elevated heart rate may also be
partly attributed to stress-related sympathetic
stimulation during handling and instrumentation
[37]. The respiratory rate (RR) in this study showed a
slight decrease, likely due to nalbuphine's mild
central depressant action. However, SpO2 remained
within normal limits, confirming adequate ventilation
as reported in [9,38]. The significant reduction in
rectal temperature could be attributed to the
depressant effect of anesthetic agents on the
thermoregulatory center, leading to impaired heat
production and increased heat loss as reported by
[39]. Despite the known sympathomimetic effects of
ketamine. A mild decrease in heart rate and blood
pressure was observed following induction. This
transient reduction is explained by [40] as it may be
attributed to the central depressant effect of
midazolam, which reduces sympathetic outflow via
its action on the vasomotor center[41], leading to
vasodilation and decreased systemic vascular
resistance [42]. Moreover, [43] reported that
midazolam slightly decreases the MAP below the
normal range of 80 to 110 mmHg in awake goat. As
documented in earlier studies, this inhibitory
influence may temporarily outweigh ketamine’s
stimulatory effect, particularly when both drugs are
administered concurrently [44]. Although some
studies have reported a mild increase in heart rate
following midazolam administration, this effect
appears to be variable and may depend on dose,
timing, and species-specific responses. [21, 27, 45,
46].

The reduction in respiratory rate (RR) observed
in this study after induction of anesthesia could be
primarily attributed to the respiratory depressant
effect of midazolam, as reported in pigs [47].
Otherwise, ketamine is known to maintain or slightly
stimulate  respiration when used alone; its
combination with midazolam often results in a
clinically relevant decrease in RR [48].

During the maintenance phase, significant
differences were noted among the groups. The P
group exhibited a significant decrease in HR and RR,
coupled with progressive hypotension toward the end
of the observation period. These findings may be
explained by [49], who found a dose-dependent
cardiovascular depressant effect of propofol when
used alone, likely due to its vasodilatory and
myocardial ~ depressant  actions.  Furthermore,
Respiratory depression agrees with the results found
by [50], attributed to a decrease in tidal volume and
respiratory rate in many species.
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In the PM group, hemodynamic parameters
remained relatively stable throughout the anesthetic
period, characterized by significant reductions in
heart rate (HR) and respiratory rate (RR), along with
a significant reduction in mean arterial pressure
(MAP). The incorporation of midazolam into the
maintenance protocol appeared to mitigate the
cardiopulmonary depressant effects of propofol on
HR and RR, likely due to its central sedative
properties and its ability to reduce overall anesthetic
requirements, as previously reported by [51].
According to [52], propofol administration may lead
to bradycardia and reductions of 15%-30% in
systolic (SBP), diastolic (DBP), and mean arterial
pressures, depending on the dose. However, [21]
demonstrated that premedication with midazolam
significantly reduced the induction dose of propofol
by approximately 39.7% in healthy goats.
Additionally, [53] reported a synergistic interaction
between propofol and midazolam, contributing to
enhanced hemodynamic stability in pediatric patients
through an increase in HR and RR. Therefore, the
use of midazolam in combination with propofol in
the PM group not only reduced the required propofol
dose but also helped maintain cardiovascular
stability, consistent with findings reported in canine
models [51]. The PMK group, which included
ketamine in addition to propofol and midazolam,
showed the most stable cardiovascular profile,
maintaining higher HR, RR, and MAP values
throughout. This may be attributed to ketamine’s
sympathomimetic properties, which counteract the
cardiovascular depression of propofol. [53] [54].

In this study, electrocardiographic parameters
were monitored to evaluate the cardiovascular effects
of total intravenous anesthesia (TIVA) protocols in
goats. Following nalbuphine administration, A
significant reduction in R-wave and P-wave
amplitude was observed, accompanied by a slight
shortening of both PR and QT intervals, which may
seem paradoxical in the context of an increased heart
rate. This phenomenon can be explained by the
physiological interplay between cardiac cycle
duration, autonomic modulation, and the morphology
of surface electrocardiographic signals. As heart rate
increases, the durations of atrial and ventricular
depolarization shorten, resulting in briefer electrical
events. This temporal compression may reduce the
amplitude of voltages recorded by surface ECG
electrodes[55]. Moreover, the left lateral recumbency
position commonly used during goat anesthesia may
alter the spatial orientation of the heart within the
thoracic cavity. This can result in a transient shift in
the cardiac electrical axis, reducing alignment
between the mean depolarization vector and surface
ECG leads, thereby contributing to the observed
decrease in P- and R-wave amplitudes [56,59]. The
elevated heart rate could further contribute to the
shortening of PR and QT intervals [37, 60].

After induction with ketamine and midazolam, a
rise in P-wave amplitude was noted, along with a
slight increase in R-wave amplitude and QT interval.
Ketamine's known sympathomimetic effect likely
contributed to this pattern by increasing myocardial
excitability and enhancing atrial depolarization. In
contrast, midazolam typically has minimal direct
cardiovascular effects, though it may exert mild
central  sympatholytic  [44,61]. During the
maintenance of anesthesia, the P group (propofol
only) demonstrated the longest QT interval (0.258 s)
and a mild increase in QRS duration, consistent with
propofol’s known myocardial depressant and
repolarization-prolonging effects. R-wave amplitude
was the lowest among the three protocols, reflecting
the absence of sympathetic stimulation to offset
propofol’s depressant effect. [62]. The combination
of midazolam with propofol in the PM group likely
attenuated the repolarization prolongation seen with
propofol alone, while maintaining cardiovascular
stability without large fluctuations in wave
amplitudes[63]. PMK group exhibited the shortest
QT interval (0.216 s), the highest R-wave amplitude
(0.44 mV), and the lowest P-wave amplitude (0.061
mV). The shorter QT is plausibly due to ketamine’s
sympathomimetic effect counteracting propofol-
induced repolarization delay, while the higher R
amplitude reflects increased ventricular activation
under enhanced sympathetic tone[64]. Importantly,
all ECG parameters remained within normal
physiological limits throughout the procedure, and no
arrhythmias or conduction blocks were observed, ,
suggesting that the protocol provides cardiovascular
stability during moderate-duration anesthesia in
young native Egyptian goats.

Clinical parameters

The timing of anesthetic induction in the present
study was guided by  pharmacodynamic
considerations.  Previous  research in  dogs
demonstrated that nalbuphine achieves peak
analgesic effect within 10 to 30 minutes following
intravenous administration, with maximal efficacy
noted at approximately 20 minutes [13].
Accordingly, a 15-minute interval was selected to
ensure sufficient onset of action while maintaining
procedural efficiency and providing optimal
conditions for induction with ketamine and
midazolam.

Induction of anesthesia using a ketamine—
midazolam combination administered in a single
syringe resulted in a rapid and smooth onset, with no
signs of excitement observed. However, transient
apnea occurred in approximately 30% of goats across
all experimental groups, immediately following drug
administration, and lasted for 15-30 seconds. This
apnea may be attributed to the rapid intravenous
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administration of midazolam at relatively high doses,
which can induce respiratory depression or features
of midazolam infusion syndrome, as previously
reported [65]. Additionally, ketamine has been
associated with hypoventilation due to its direct or
indirect  bronchodilator  effects, potentially
contributing to apnea [66]. The onset of anesthesia
was evident within seconds after induction,
confirmed by the loss of consciousness, palpebral
reflex, and pedal reflex. The anesthetic depth was
maintained for approximately 5-8 minutes until the
reappearance of the swallowing reflex. The animals
assumed lateral recumbency and lowered their heads
within 20-40 seconds following induction.

In the present study, total intravenous anesthesia
(TIVA) was maintained using a combination of
midazolam, propofol, and ketamine (PMK) resulted
in a deeper level of sedation, superior analgesia, and
more profound muscle relaxation compared to
protocols using propofol alone (P) or midazolam-—
propofol (PM). The enhanced anesthetic depth and
analgesia remained consistent throughout the 60-
minute maintenance period. These synergistic effects
may be attributed to the combined pharmacological
actions of the agents used, which enhance both
sedation and analgesia beyond the effect of
individual drugs. Similar findings were reported by
[67], who demonstrated that xylazine combined with
methadone, morphine, or tramadol provided superior
sedation and analgesia in sheep compared to xylazine
alone. The minimum infusion rate (MIR) of propofol
adopted in this study (0.45 mg/kg/min), based on the
findings of [68], is lower than the MIRs previously
reported in non-premedicated dogs[69]. Although
this MIR was sufficient to maintain stable anesthesia
in 50% of subjects subjected to standardized noxious
stimuli, as reported by [69], it was observed in the
present study that two goats in the propofol-only
group (P) exhibited partial return of reflexes—such
as the swallowing reflex—approximately 18-20
minutes post-induction. This early return of reflexes
may indicate a relatively lighter anesthetic plane and
possible sympathetic stimulation, as evidenced by
subtle spontaneous movements of the facial muscles
and lips, consistent with previous observations [70].
These findings suggest that while the selected MIR is
generally effective, individual variability and the
nature of the surgical or nociceptive stimulus may
necessitate adjustments to maintain adequate
anesthetic depth [71].

Notably, excellent analgesia was achieved in the
PMK group, while propofol alone lacks intrinsic
analgesic properties. This highlights the importance
of co-administration of a potent preanesthetic
analgesic such as nalbuphine to enhance the
analgesic profile of the protocol [72]. The inclusion
of ketamine, a dissociative anesthetic known for its,
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of strong analgesic effects and cardiovascular
stability, further improving the anesthetic quality.
These findings are consistent with those of [73] and
[74], who reported that ketamine—propofol infusion
protocols offer superior analgesia compared to
propofol alone. Additionally, [75] demonstrated that
both ketamine and its active metabolite, norketamine,
exert analgesic effects through their interaction with
mu and kappa opioid receptors. Among the three
protocols, salivation was the only prominent adverse
effect, most likely induced by the sialagogue
properties of agents like nalbuphine and ketamine as
reported in [76,77]. While atropine is well-
documented for its anti-salivation effects [78], it was
not utilized in the present study but will be
incorporated into future protocols to further optimize
anesthetic management. Recovery was smooth and
uneventful in all groups, assessed by the return of
swallowing, pedal, and palpebral reflexes. There
were statistically significant variations between the
protocols, as animals in the P group regained the
swallowing reflex, sternal recumbency, and standing
significantly earlier compared with those in the PM
and PMK groups. Due to the short context-sensitive
time of propofol [79], while ketamine is longer
acting and slightly more cumulative than propofol, as
reported in [80].

The limitation of the present study, animals were
positioned in lateral recumbency during anesthesia.
Although right lateral recumbency is generally
preferred in small ruminants to minimize ruminal
pressure on the diaphragm and to reduce the risk of
hypoventilation and regurgitation, in some cases,
animals were maintained in left lateral recumbency
due to practical constraints. This positioning might
have influenced certain cardiopulmonary variables;
however, no major adverse effects were observed.
Therefore, this factor should be considered as a
potential limitation when interpreting the results.

Conclusion

Among the evaluated protocols, the PMK
regimen demonstrated the most stable anesthetic
profile, characterized by the absence of arrhythmias
and superior preservation of cardiovascular and
respiratory parameters. Moreover, this protocol
provided better analgesia and favorable clinical
parameters compared to the other regimens. These
findings highlight the beneficial role of ketamine in
enhancing the safety, physiological stability, and
overall quality of TIVA in goats.
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TABLE 1. Assessment of Induction and Recovery Quality using a standardized scoring system.

induction score

Smooth induction, rapidly assumed recumbency, no signs of excitation Good
Slightly prolonged induction, mild excitation, presence of the swallowing reflex Fair
obvious excitement, jumps, or attempts to stand after recumbency, full presence of swallowing reflex. Poor
Quality of recovery score

smooth, easy transition_tp alertness, re_sumpti_on of ster_nal position, ability to stand within a reasonable Good
amount of time, and ability to walk with minimal ataxia

transient excitement or whole-quy movement, some struggles, hyper-responsiveness that disappears once Fair
the goat stands unassisted, but with moderate ataxia.

stereotype behaviour, e.g. circling, premature attempts to stand, prolonged struggling. Poor

TABLE 2. Assessment of Anaesthetic Depth using a clinical scoring system based on jaw relaxation, palpebral reflex,
and pedal reflex.

Clinical parameters 0 1 2 8
T The animal resists The animal has less There IS no
. Not permitting jaw - . - . resistance and
Jaw relaxation . opening and closes its resistance to opening its - -
opening - . - - the jaw still
jaw rapidly jaw and wraps it slowly
opens
- Intact but weak (slow Intact but very light (slow .
Palpebral reflex Rapid plink response and occasionally response Abolished
. Intact but weak (slow Intact but very light (slow Abolished
Pedal reflex Potent withdrawal response and occasionally response completely
TABLE 3. Assessment of Analgesia using the pin-prick test
Score Indication
0 (strong reaction) was given if there was a strong reaction to the pin prick
1 (weak reaction) was given if there was a mild and simultaneous reaction to the pin prick test.
2 (moderate reaction) was given if there was moderate but not consistent reaction to the pin prick test
3 if there was no reaction to the pin prick test
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TABLE 4. The Cardiovascular parameters in eighteen ketamine/midazolam anaesthetized goats under different
anaesthetic protocols.

Parameters Time Groups P value
PM P PMK
T O min 101.33 +0.884 101.33 £ 0.88A 101.33 £ 0.884 1.000
T5min 100.50 + 0.76*+ 100.50 + 0.76*A 100.50 £ 0.76°+ 1.000
T 10 min 102.67 + 0.92:4 102.67 + 0.9204 102.67 £ 0.92:4 1.000
T 15 min 103.00 + 0.89:4 103.00 + 0.892A 103.00 £ 0.89:4 1.000
HR T 20 min 99.33+0.76* 99.33 £0.76 99.33 £0.76 1.000
T 25 min 94.83 + 1.2508 90.17 £0.70¢P 99.83 +0.60:4 <0.001
T 30 min 93.33 £ 1.0908 90.67 £ 1.71<P 98.67 £ 0.80:4 0.002
T 35 min 95.33+1.11b 95.33 £ 1.110A 98.67 £+ 0.56:4 0.050
T 40 min 95.33+1.110 95.50 + 1.260A 100.33 £ 0.7124 0.010
T 60 min 94.00 + 1,37 93.17 £ 1.6004 102.33 +1.092A <0.001
P value <0.001 <0.001 0.064
TO min 25.17 £ 0.83 25.17 £0.83 25.17 £ 0.83 1.000
T5 min 21.67 £ 0.56 21.67 £ 0.5604 21.67 £ 0.56 1.000
T10 min 21.17 £0.48v 21.17 £0.4804 21.17 £ 0.48 1.000
T15 min 20.50 £ 0.22v~ 20.50 £ 0.2204 20.50 £ 0.22b~ 1.000
RR T20 min 13.00 + 0.58 13.00 + 0.58¢A 13.00 + 0.58 1.000
T25 min 13.00 + 0.514 10.50 + 0.7248 14.50 £ 0.76P <0.001
T30 min 14.83 + 0.60* 12.50 + 0.9948 16.00 £ 0.730 <0.001
T35 min 14.83 + 0.484 11.00 + 0.894B 16.67 £ 0.80° <0.001
T40 min 14.67 + 0.33 11.50 + 0.9948 16.33 £ 0.490 <0.001
T60 min 14.50 + 0.43 11.33+0.7695 14.33 £ 0.564 <0.001
P value <0.001 <0.001
T O min 96.17 £ 0.4024 96.17 £ 0.40:4 96.17 £ 0.40:4 1.000
T5min 96.00 + 0.372A 96.00 £ 0.374 96.00 £ 0.374 1.000
T 10 min 96.17 £ 0.312A 96.17 £0.314 96.17 £ 0.314 1.000
T 15 min 95.67 + 0.42:A 95.67 £ 0.42:A 95.67 £+ 0.42:4 1.000
T 20 min 96.50 + 0.22:4 96.50 £ 0.22:4 96.50 £ 0.22:4 1.000
SPO2 T 25 min 97.33+£0.33 97.33 £0.33 97.50 £ 0.22:4 0.428
T 30 min 97.17 £ 0.4024 97.17 £ 0.40:4 97.00 £ 0.374 0.765
T 35min 96.67 £ 0.49:4 96.67 + 0.49:4 97.00 £0.374 0.612
T 40 min 97.33 £0.33 97.33 £0.33 97.17 £ 0.40:4 0.765
T 60 min 96.17 + 0.4024 96.17 £ 0.40:4 97.33 £0.33 0.032
P value <0.001 <0.001 <0.001
T O min 39.10 £ 0.072A 39.10 £ 0.07#~ 39.10 £ 0.07#A 1.000
T5min 39.07 £ 0.08b 39.07 £ 0.08v4 39.07 £ 0.08 1.000
RT T 10 min 39.00 £ 0.07v~ 39.00 £ 0.070~ 39.00 £ 0.07b~ 1.000
T 15 min 39.00 £ 0.07b4 39.00 £ 0.070~ 39.00 £ 0.07b~ 1.000
T 20 min 38.53 £ 0.1004 38.67 £ 0.0404 38.75 + 0.040~ 0.090
T 25 min 38.42 £ 0.09° 38.33 £ 0.09% 38.55 + 0.040~ 0.180
T 30 min 38.25+0.07" 38.33 £ 0.05 38.40 £ 0.03 0.250
T 35 min 38.20 £ 0.03 38.22 £ 0.040A 38.27 £ 0.040~ 0.400
T 40 min 38.13 £ 0.05P 38.13 £ 0.050 38.10 + 0.040~ 0.800
T 60 min 38.00 + 0.040~ 38.00 + 0.040 38.15 + 0.08> 0.120
P value <0.001 <0.001 <0.001
T O min 117.00 + 0.684 117.00 + 0.684 117.00 + 0.684 1.000
T5min 115.33 + 0.422A 115.33 £ 0.42:4 115.33 £ 0.42:4 1.000
T 10 min 115.33 £ 0.33A 115.33 £ 0.334 115.33 +0.33A 1.000
T 15 min 117.33 £ 0.76*A 117.33+0.764 117.33+0.76*4 1.000
SAP T 20 min 113.50 + 1.45b 113.50 + 1.45b 113.50 + 1.45% 1.000
T 25 min 104.83 + 1.01« 106.67 + 0.62<8 110.17 £ 1.014 <0.001
T 30 min 103.83 + 0.87< 105.17 £ 0.70<8 108.17 £ 0.79«4 <0.001
T 35 min 101.33 £ 0.42<» 99.83 + 0.65¢¢ 107.00 + 0.68 <0.001
T 40 min 100.33 +1.18<® 98.67 £ 0.88« 107.83 £ 0.484 <0.001
T 60 min 99.00 + 0.52<8 92.50 + 0.92¢ 105.33 + 0.92¢4 <0.001
P value <0.001 <0.001 <0.001
T O min 77.00 £0.77A 77.00 £0.772A 77.00 £0.77A 1.000
T5min 74.83 £0.480 74.83 £ 0.48% 74.83 +0.48v4 1.000
T 10 min 75.17 £ 0.40:2 75.17 £ 0.40:4 75.17 £ 0.40:A 1.000
T 15 min 76.83 £ 0.60:4 76.83 £ 0.60:4 76.83 £ 0.60:4 1.000
DAP T 20 min 75.50 £ 1.15b 75.50 + 1.15% 75.50 + 1.15% 1.000
T 25 min 68.17 + 0.94¢< 72.67 £0.4208 72.17 £ 0.70v4 <0.001
T 30 min 69.00 £ 0.77< 69.50 + 1.05<B 72.17 +0.60v4 <0.001
T 35 min 65.17 + 0.54¢<« 63.17 £ 1.01¢ 71.17 £ 0.40vA <0.001
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T 40 min 65.50 £ 1.18¢ 59.83 + 0.604 71.33 £0.21% <0.001
T 60 min 63.83 £ 0.54<8 57.67 £1.17% 70.00 £ 0.52b4 <0.001
P value <0.001 <0.001 <0.001
T 0 min 89.67 £ 0.612A 89.67 £ 0.612A 89.67 £ 0.6124 1.000
T 5 min 87.50 £ 0.43:A 87.50 £ 0.432A 87.50 £ 0.43:A 1.000
T 10 min 87.50 £ 0.43:A 87.50 £ 0.432A 87.50 £ 0.43:A 1.000
T 15 min 89.83 £ 0.60A 89.83 £ 0.602A 89.83 + 0.60: 1.000
MAP T 20 min 85.17 £1.150 85.17 £ 1.15% 85.17 +1.15b 1.000
T 25 min 79.00 £ 0.86b8 82.00 £ 0.36% 82.83 £ 0.79vA 0.005
T 30 min 78.17 £0.8708 77.17 £1.11%8 82.17 + 0.54bA <0.001
T 35 min 75.50 £ 0.76°8 7417 £0.798 81.17 £ 0.48vA <0.001
T 40 min 7450 £1.1808 73.00 £ 0.898 81.33 £ 0.42vA <0.001
T 60 min 74.17 £ 0.658 71.33 £0.92t8 79.83 £0.87% <0.001
P value <0.001 <0.001 <0.001

Heart rate (HR), respiratory rate (RR), oxygen saturation (SpO,), rectal temperature (Temp), systolic arterial pressure (SAP), diastolic
arterial pressure (DAP), and mean arterial pressure (MAP) expressed as mean + standard error (SE). Statistical significance is denoted as:
ab Sjgnificant difference compared to baseline within the same treatment group (p<0.05). * B Significant difference between treatment groups
at specific time points (p<0.05). These determinations were made using two-way repeated measures ANOVA with Duncan's post-hoc testing
to account for multiple comparisons across the propofol (P), propofol-midazolam (PM), or propofol-midazolam—ketamine (PMK) treatment
groups and ten time points (T0, T5, T10, T15, T20, T25, T30, T35, T40, and T60).

TABLE 5. Electrocardiographic (ECG) values in eighteen ketamine/midazolam-anesthetized goats under different
anaesthetic protocols at different time points.

Parameter Time Groups P-value
PM P PMK
TO min 0.097 + 0.002:4 0.097 + 0.002:4 0.097 + 0.002:4 0.925
T10 min 0.075 + 0.006°* 0.075 £ 0.006%* 0.075 + 0.006° 1.000
P amplitude T20 min 0.082 + 0.0032A 0.082 + 0.003A 0.082 + 0.003:A 1.000
T40 min 0.080 + 0.0044 0.083 + 0.003:A 0.065 + 0.002b8 <0.001
T60 min 0.085 + 0.00224 0.081 £ 0.002:4 0.061 + 0.003"8 <0.001
P value <0.001 <0.001 <0.001
TO min 0.617 +£0.0112A 0.617 £ 0.01122 0.617 £0.01122 1.000
T10 min 0.317 £ 0.013%8 0.317 £0.013%8 0.317 £0.013¢%8 1.000
R amplitude T20 min 0.332 £ 0.013%8 0.332 £ 0.0138 0.332 £0.013%8 1.000
T40 min 0.310 +0.007°8 0.285 + 0.006% 0.350 + 0.018z¢ <0.001
T60 min 0.308 + 0.007°8 0.280 * 0.008¢ 0.450 + 0.022:> <0.001
P value <0.001 0.074 <0.001
TO min 0.318 + 0.009:4 0.318 £ 0.00924 0.318 = 0.00924 1.000
T10 min 0.300 + 0.006"8 0.300 £ 0.006%8 0.300 £ 0.006%8 1.000
T amplitude T20 min 0.210 + 0.003¢ 0.210 = 0.003¢c 0.210 + 0.003¢ 1.000
T40 min 0.268 +0.011°0 0.262 + 0.006%P 0.208 * 0.004<> <0.001
T60 min 0.263 + 0.006°° 0.260 + 0.006%P 0.193 + 0.004< <0.001
P value <0.001 <0.001 <0.001
TO min 0.069 + 0.0032 0.069 £ 0.00324 0.069 % 0.003:~ 1.000
T10 min 0.066 + 0.002:B 0.066 * 0.002:8 0.066 * 0.002:8 1.000
QRS duration T20 min 0.076 + 0.002z¢ 0.076 % 0.002:¢ 0.076 % 0.002:¢ 1.000
T40 min 0.060 + 0.0012P 0.064 + 0.002:> 0.066 + 0.002:8 0.100
T60 min 0.068 + 0.001:2 0.065 + 0.002:> 0.065 + 0.002:8 0.267
P value <0.001 <0.001 <0.001
TO min 0.138 + 0.002:4 0.138 £ 0.002:4 0.138 = 0.002:4 1.000
T10 min 0.127 +0.002:8 0.127 +0.002:B 0.127 £ 0.002:8 1.000
PR interval T20 min 0.127 £ 0.001:8 0.126 +0.001:B 0.126 +0.001:8 1.000
T40 min 0.136 + 0.002:4 0.141 £0.0012A 0.136 = 0.002:4 0.085
T60 min 0.137 +0.002:2 0.138 + 0.003:4 0.133 +0.002:8 0.336
P value <0.001 <0.001 <0.001
TO min 0.235 + 0.002:4 0.235 + 0.002:4 0.235 + 0.002:4 1.000
T10 min 0.213 +0.005¢%8 0.213 £ 0.005%8 0.213 +0.005%®8 1.000
QT interval T20 min 0.248 + 0.0042¢ 0.248 * 0.004:¢ 0.248 + 0.004:¢ 1.000
T40 min 0.252 +0.0032> 0.258 * 0.004:> 0.241 £ 0.001%P 0.022
T60 min 0.253 + 0.002:P 0.258 + 0.0012> 0.218 + 0.005%E <0.001
P value <0.001 <0.001 <0.001

Electrocardiographic (ECG) amplitudes and durations were expressed as mean + standard error (SE). Statistical significance was denoted
as: small letters indicate a significant difference compared to baseline within the same treatment group (p<0.05). Capital letters indicate a
significant difference between treatment groups at specific time points (p<0.05). These determinations were made using two-way repeated
measures ANOVA with Duncan's post-hoc testing to account for multiple comparisons across the propofol (P), propofol-midazolam (PM),
or propofol-midazolam—ketamine (PMK) treatment groups and ten time points (TO, T5, T10, T15, T20, T25, T30, T35, T40, and T60).

Egypt. J. Vet. Sci.



10 MOATAZ EL-FARGHALY et al.

TABLE 6. The recovery period times in eighteen ketamine/midazolam-anesthetized goats under different anaesthetic

protocols.
Time P PM PMK
Time to recovery of the swallowing reflex (min) 3.00£0.892 5.17+1.47° 6.33+0.82°
Time to sternal recumbency (min) 7.17£1.94° 12.00+1,41° 13.50+1.05°
Time to standing (min) 15.83+1.33° 20.38+1.83° 22.33+1.03°

The recovery times (min) were expressed as mean * standard error (SE). Statistical significance was denoted as: small letters indicate a significant difference
(p<0.05) between the propofol (P), propofol-midazolam (PM), or propofol-midazolam—ketamine (PMK) treatment groups.

TABLE 7. The score of induction, recovery, analgesia, jaw relaxation, palpebral, and pedal reflex quality in eighteen
ketamine/midazolam-anesthetized goats under the propofol (P), propofol-midazolam (PM), or propofol-
midazolam—ketamine (PMK) treatment groups.

Parameter / score P PM PMK

Quality of induction Good 100% (n=6) Go0d100% (n=6) G00d100%

Good 66.7% (n=4)
Fair 33.3% (n=2)

Good 66.7% (n=4)

uality of recover
Q Y y Fair 33.3% (n=2)

Good 100% (n=6)

(2) 50% (n=3)
Analgesia (1) 16.7% (n=1)
(3) 33.3% (n=2)

(2) 50% (n=3)
(3) 50% (n=3)

(3) 100% (n=6)

(2) 50% (n=3) (3) 66.7% (n=4)

Jaw relaxation (3) 100% (n=6)

(3) 50% (n=3)

(2) 33.3% (n=2)

(2) 50% (n=3)

Palpebral reflex (3) 50% (n=3)

(3) 66.7% (n=4)
(2) 33.3% (n=2)

(3) 100% (n=6)

(2) 50% (n=3)

Pedal reflex (3) 50% (n=3)

(3) 66.7% (n=4)
(2) 33.3% (n=2)

(3) 100% (n=6)

Fig. 1. A goat under general anesthesia in left lateral recumbency during the experimental procedure

(=]

Ee=se = - ——<-——"--"°§

Fig. 2. Representative ECG traces (25 mm/s and 10mm/mV), recorded from goats subjected to the three anesthetic protocols (PMK,
PM, and P) at different time intervals during the experimental period. A: Baseline at TO, B: After nalbuphine at T10, C:
After induction at T20, D: The PMK group at T40, E: the PMK at T60, F: The PM group at T40, G: The PM at T60, H: The
P group at T40, and I: The P group at T60.
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