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ABSTRACT

The present study evaluated the clinico-physiological and haemato-biochemical parameters in 12 native breed
horses, irrespective of age and sex, using two different total intravenous anaesthesia (TIVA) triple drip combinations,
viz. xylazine, ketamine and guaifenesin (XKG group); and dexmedetomidine, ketamine, and guaifenesin
(DKG group). Sedation in both groups was achieved with acepromazine and butorphanol, with xylazine used in the
XKG group and dexmedetomidine in the DKG group, followed by ketamine induction and maintenance with the
respective TIVA protocols. During different time intervals in the pre, peri and post-operative periods, both groups
were assessed for clinico-physiological, haematological and biochemical parameters. The results showed that horses
in the DKG group showed balanced and better cardiopulmonary and haemato-biochemical changes when compared

to XKG group.
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Equine anaesthesia involves administering a
combination of drugs to achieve the desired effects
of sedation, analgesia, muscle relaxation and loss of
consciousness in horses (Muir and Hubbell 2009). Horses
face higher anaesthetic risk compared to other domestic
species, with volatile agents commonly used for longer
procedures  causing dose-related  cardiopulmonary
depression (Steffey and Howland 1978). Cardiovascular
problems significantly contribute to the high mortality
rate in horses (Johnston et al. 2002). Balanced anaesthesia
ensures better intraoperative cardiopulmonary function,
reduces surgical pain and facilitates smoother recoveries
(Bettschart-wolfensberger and Larenza 2007). Total
intravenous anaesthesia (TIVA) has commonly been used
in equine anaesthesia for short term procedures, though
under general anaesthesia various clinico-physiological and
haemato-biochemical changes are induced. Anaesthesia
leads to cardio-pulmonary depression, including decreased
heart rate, blood pressure and oxygen haemoglobin
saturation in blood, challenging the maintenance of vital
parameters. General anaesthesia has an impact on both
haematological and biochemical parameters.

The use of dexmedetomidine, a newer alpha-2 agonist, in
equine anaesthesia has limited literature available regarding
its efficacy and safety compared to xylazine-based TIVA
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combination. This study aimed to provide valuable insights
into the efficacy and pitfalls of using dexmedetomidine
in equine anaesthesia, focussing on clinic-physiological
and haemato-biochemical parameters. The findings of this
study will enhance the understanding of dexmedetomidine
role in equine anaesthesia and potentially expand its usage
in the field.

MATERIALS AND METHODS

The study was conducted from 2022 to 2023 at the
Department of Veterinary Surgery and Radiology, College
of Veterinary Science and Animal Husbandry, Kamdhenu
University, Junagadh, Gujarat, India. The study included
12 horses randomly divided into two groups: group I and II
with six animals in each group. All the animals underwent
preoperative evaluation of clinico-physiological and
haematology parameters based on American Society of
Anaesthesiologists (ASA) classification (Kalchofner et al.
2009) followed to categorize the health status of the horses.

In group 1 (XKG), acepromazine (0.02 mg/kg),
xylazine (0.5 mg/kg) and butorphanol (0.02 mg/kg) were
administered intravenously as a premedication, followed
by ketamine (2.2 mg/kg) as induction and maintenance
of anaesthesia by using TIVA with xylazine (0.5 mg/mL),
ketamine (2 mg/mL) and guaifenesin (50 mg/mL) as a CRI
at a dose of 1-3 mL/kg intravenously. In group II (DKQ),
acepromazine (0.02 mg/kg), dexmedetomidine (3.5 pg/kg)
and butorphanol (0.02 mg/kg) were given intravenously
as a premedication, followed by ketamine (2.2 mg/kg) as
induction and maintenance of anaesthesia by using TIVA
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with dexmedetomidine (2.5 pg/mL), ketamine (2 mg/
mL) and guaifenesin (50 mg/mL) as a CRI at a dose of
1-3 mL/kg intravenously. The study assessed various
clinico-physiological and haemato-biochemical parameters
during anaesthesia. Rectal temperature (RT), heart rate
(HR) and respiration rate (RR) were recorded prior to
anaesthesia (Base value), after induction (0 min) and at
15 min intervals during anaesthesia. Electrocardiogram
(ECG) readings were assessed at specific time intervals.
Oxygen haemoglobin saturation in blood (SPO,) and
blood pressure was recorded using a non-invasive vital
monitor (Veterinary Monitor, NT3B-V). Blood samples
were collected at different intervals, including prior
to anaesthesia (base value), after induction (0 min) at
15 min intervals during anaesthesia and post-anaesthesia.
Haematological parameters such as haemoglobin, total
erythrocyte count, packed cell volume, total leukocyte
count, differential leukocyte count and platelet count
were assessed using an auto-haemoanalyzer. Biochemical
parameters including total protein, albumin, blood urea
nitrogen, creatinine, aspartate aminotransferase, alanine
transferase, alkaline phosphatase, total bilirubin, and direct
bilirubin were analyzed using fully automated analyzer.
The blood glucose level was determined in fresh samples
with glucometer (Morpen Laboratories Limited, Delhi).
The methods involved the use of specific instruments and
techniques to measure and monitor these parameters in
order to evaluate the effects of anaesthesia on the horses.

The difference between two data sets between groups
were statistically analysed by using student ‘t’ test
(parameteric data). The difference between more than two
data sets within group were statistically analysed by one
way ANOVA followed by using Duncan’s Multiple Range
Test (DMRT) (Snedecor and Cochran 1980).

RESULTS AND DISCUSSION

Physiological observations: In both the groups, there
was a significant (p<0.05) decrease in heart rate after
induction and throughout the surgery, returning to baseline
after recovery (Table 1). The observed reduction in heart rate
after induction can be attributed to the potent cardiovascular
depression caused by the alpha-2 agonists used in both
groups. Dexmedetomidine does not have direct effect on
cardiac muscles Day and Muir 1993). Dexmedetomidine
reduces heart rate more than xylazine in a dose-dependent
manner due to physiological reflex bradycardia, without
deleterious effects on myocardial oxygen demand or
causing hypoxia. Activation of o, and a., receptors produced
systemic and peripheral vasoconstriction without altering
heart rate much in dexmedetomidine compared to xylazine
due to their specificity (Kable et al. 2000, Giovannitti
et al. 2015). On the other hand, ketamine administration
produces cardiac stimulation, increasing cardiac output and
heart rate (Zielmann et al. 1997).

In both the groups, there was a significant (p<0.05)
decrease in respiration rate after induction, which
remained stable with minor changes throughout the surgery
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(Table 1). The decrease in respiration rate observed
between the groups was attributed to the suppressive
effects on baroreceptors and adrenergic receptors caused
by the administration of xylazine, dexmedetomidine and
total intravenous anaesthesia (TIVA) (Yamashita et al.
2000, Hopster et al. 2014). Sleiman et al. (2016) observed
a decrease in respiratory rate (RR) during total intravenous
anaesthesia (TIVA) in horses undergoing surgery, with the
most significant reduction occurring within the first 30 min.

In both the groups rectal temperature decreased non-
significantly and returned to base value after recovery
(Table 1). The decline in rectal temperature was attributed
to the comparatively lower rate of oxygen utilization and
basal metabolic rate observed under anaesthesia compared
to conscious horses. The reduction in basal metabolism was
influenced by the effects of alpha-2 agonists and adjunctive
medications, which could interfere with thermoregulatory
centres and muscular activity (Lemke ef al. 1993, Thakur
et al. 2011, Duke-Novakovski et al. 2015).

In both the groups SpO, significantly (p<0.05) decreased
after induction, reaching as low as 85%, but quickly
returned to normal range 90-100% within few minutes
and maintained within this range throughout the surgery
(Table 1). DKG group showed lower values than xylazine
due to least vascular resistance, decrease in the saturated
partial pressure of oxygen, which could be attributed to
the respiratory depression caused by the alpha-2 agonist
and acepromazine. This decrease in oxygen saturation
resulted in a ventilation-perfusion mismatch (Thakur et al.
2011). Furthermore, the administration of ketamine further
contributed to the reduction in saturated partial pressure of
oxygen due to its direct relaxant effect on bronchial smooth
muscle causes hypoventilation (Muir ef al. 2000).

In both the groups, non-significant changes were
observed in systolic arterial blood pressure (mmHg),
diastolic arterial blood pressure (mmHg) and mean
blood pressure (mmHg) which remained relatively stable
throughout different time intervals, showing only minor
fluctuation (Table 1). These results suggest that both the
groups maintained hemodynamic stability throughout the
anaesthetic period. The administration of dexmedetomidine
in group DKG resulted in stable systolic and mean blood
pressure levels during surgical anaesthesia, without
significant variations. Compared to xylazine in group
XKG, dexmedetomidine exhibited slightly better control
over blood pressure, reducing myocardial oxygen demand
and maintaining vital blood flow without increasing the
preload on the heart (Lawrence et al. 1996, Giovannitti
et al. 2015). Similar to these findings Hopster et al. (2014)
reported no significant difference between xylazine and
dexmedetomidine groups while using TIVA in horses.

In the ECG, there were no significant changes noticed on
between groups. DKG group showed increased PR interval,
QT interval in some cases due to potent cardiovascular
depression effect of dexmedetomidine and acepromazine
causing reduced sympathetic outflow and vasodilation.
In XKG group both bradycardia and tachycardia ECG
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Table 1. MeanzSE values of physiological parameters in group XKG and DKG

After recovery
48.00 +2.58%

60 min
37.00 £2.51#

45 min
36.80 £4.21

30 min
37.83 £3.97

15 min
36.33 +£2.48A

0 min
37.17 £2.07

Base value
51.00 +2.35%

Group
XKG
DKG
X

Variable

HR (Beats/min)

29.17 £2.56 32.16 £2.28#4 34.00 + 5.03%4 32.50 £ 6.50* 45.67 £0.95%

29.83 +2.82:8

49.66 + 1.81°

8.00 £0.73*A 7.66 £ 1.05* 8.33+£1.33 7.40 £ 0.924 8.00 £ 1.15% 17.16 £ 1.04%

20.16 + 1.60°*

KG

RR (Breaths/min)

16.66 + 0.80°*

7.50 £ 1.50%
99.87 £0.31%4

6.83 £ 0.54% 6.33 £0.55% 6.66 £0.33%A

100.10 + 0.42%
98.55 + 0.40%"

8.83 £0.54*

20.50 +2.39%

DKG
X

100.03 £ 0.17*

100.48 +0.20** 100.38 +0.18** 100.30 £ 0.132*
99.48 +0.31%F

100.7 £ 0.174

KG

RT (°F)

98.33 £ 1.18%A 97.45 + 1.45%A 99.46 + 0.09:A

98.03 £ 0.49:8

99.96 + 0.20°®
97.16. £ 0.40%A

DKG
X

93.33 + 1.25%4 93.33 +1.08%4 94.00 + 1.04%A 94.66 + (0.3320cA 98.00 + 0.25%A

93.83 + 1.77%A

KG

SpO, (%)

94.33 + 0.55%A 93.00 + 1.03%A 91.83 +0.65% 93.80 + 0.7330eA 95.33 £0.33 98.00 + 0.36%

98.33 £ 0.40%

DKG
XKG
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124.8 £ 17.95* 151.66 + 33.73A 142 +1.91

125. £ 11.57*4
119.83 + 8.53
85.66 £ 11.96**

128.33 £9.28*
120.83 £ 5.67*
88.66 £ 10.95%

133.66 +£9.15*

133.67 +£5.17

SAP (mmHg)

144 £3.33%

137.50 £ 2.50%A
99.33 +30.224

81.00 & 3.00%*

130.67 + 6.98A

126 & 3.33%A
87.33 £ 12.74%4

118.33 +£3.08

KG
XKG
D

91 +1.12%4
91.66 +2.50°

80.4 £ 15.03*4
77.33 £4.5%

86 +£3.73%4
80.00 + 1.73%A

DAP (mmHg)

76.33 £2.62:4 74.66 + 5.39%4
97.83 +£11.83%

75.83 £2.664
100.33 £ 12.074

KG

101.67 + 1.86**
103.00 +2.3224

118.66 £+ 30.68*

101.67 + 10.16** 95.6 = 15.894

XKG 98.5 £3.09*

DKG

MAP (mmHg)

100.00 + 3.00*

94 + 6.55%
Means bearing different small alphabet (a, b, ¢, d) superscript indicates significant difference (p<0.05) value within group at different time intervals. Means bearing different capital

92.33 +£5.18=
alphabet (A, B) superscript indicates significant difference (p<0.05) value between group at corresponding time intervals.

93.67 +£2.85%4 91.17 £3.77

93.00 + 1.984

changes were observed, reduced PR interval and QRS
duration during maintenance due to prolonged hypotension
caused by xylazine. No major abnormalities were thus
noticed in ECG findings.

Haematological parameters: The meanSE values of
various haematological parameters are listed in Table 2.
Haemoglobin, total erythrocyte count and packed cell
volume showed decreased pattern changes, there was
no statistical significance between and within groups.
Hb, TEC, PCV returned to baseline or near to baseline
values after recovery. Kullman et al. (2014) observed
decrease in haemoglobin count when xylazine was given
along with guaifenesin and ketamine for maintenance in
horses. The administration of drugs like acepromazine and
alpha-2 agonists can lead to changes in total erythrocyte
count (TEC) and packed cell volume (PCV) due to the
dilation of splenic vessels leading into sequestration of
blood cells in the spleen (Ballard et al. 1982, Kullaman
et al. 2014 and Nanda et al. 2014). This phenomenon
may result in alterations in blood cell counts and volume,
potentially impacting overall haematology and circulation.

In group XKG, during surgical anaesthesia, there
was a non-significant decrease in total leukocyte count
after induction, followed by a gradual decreasing pattern
throughout the maintenance of anaesthesia. Neutrophil,
monocyte, and basophil counts showed non-significant
decrease after induction, with no definite pattern during
the surgical period. Lymphocyte counts exhibited a non-
significant increase after induction, but no specific trend
was observed at different intervals. Overall, no significant
variations were observed within or between groups,
indicating a stable immune response during the surgical
procedure. In Group DKG, there were no significant
variations in total leukocyte count, neutrophil count,
lymphocyte count, monocyte count or basophil count
within the group. Similar to Group XKG, the immune
response remained relatively stable during the surgical
period. Significant differences were seen in the eosinophil
count when compared to Group XKG, but these differences
remained within the normal range, therefore they had no
clinical significance. Both groups exhibited no major
changes in immune response during surgical anaesthesia.
Similar findings have been reported by Kaur (2018) and
Deepesh (2019).

In both XK G and DKG groups, there was non-significant
decrease of platelet count during surgical period. However,
it showed thrombocytopenia in animals even after recovery,
with the platelet count remaining low compared to the
preoperative levels. This decrease in platelet count could
be attributed to the sequestration of blood in the spleen
due to the administration of acepromazine and the effect of
alpha-2 agonists on platelet reduction in horses (Meagher
and Tasker 1972, Gathyus et al. 1990). Similar results
were reported by Agivale et al. (2019) who also observed
platelet reduction in horses.

Biochemical parameters: The mean+SE values of
various biochemical parameters are listed in Table 3. In
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Table 2. Mean+SE values of haematological parameters in group XKG and DKG

After recovery

60 min
7.14 £0.65%

45 min
6.35+0.45%

30 min
6.11 £ 0.493

6.90 £ 0.19*

15 min
6.55+0.51°4

0 min
6.66 £ 0.62%

Base value
7.66 £ (.87

Group
XKG
DKG
XKG
DKG
XKG
DKG

Variable

6.55+0.87*

TEC (x10%/uL)

7.00 +0.07* 8.07£0.67

6.68 £0.28*

7.44£0.21* 6.99 +£0.20**

8.08 £0.29**
12.44 £ 1.45%

9.36 + 0.49%A 10.33 + 0.57%A 9.80 + 1.28%4

8.57 £ 0.70%*
33.01 £1.72%4

8.82 +£0.55*

9.78 & 0.54A
9.15 £ 0.29%*

34.44 £ 1.97*

10.13 £ 0.75%®A

Hb (g/dL)

9.22 + (.30
34.45 £ 4.62*
33.68 + 1.37%A

8.04 £ 0.96*

8.86 & 0.42:7
32.21 +£1.99A

9.80 + 0.34%

10.66 + 0.37

36.39 + 1.83

35.07 £2.57%

39.82 £3.55%

PCV (%)

34.22 £ 1.3924 31.39 + 1.34%4 31.22 +£1.344 31.22£1.17%4 29.69 + 1.52%

37.22 £ 1.71%A

10.37£1.18% 9.56 + 1.22% 930+ 1.19* 7.92 +£0.29* 7.57 £0.72%4 9.96 + 1.77*

11.35+1.00*

XKG
DKG
XKG

TLC (x10%/uL)

8.12+£0.63* 7.67 £0.63* 7.48 £0.63* 7.72 £ 1.12%4 829 +1.36" 8.75+0.86"
68.42 £ 5.08% 67.70 £ 10.65*

62.92 = 4.68A

8.93 £0.90
69.30 £ 5.49A

64.12 £ 5.40 71.63 +4.79*4

66.68 £+ 4.58A

Neutrophils (%)

59.68 £5.39** 61.30 £2.52% 59.15 £3.59 56.50 +3.03*4 59.20 + 7.80%* 58.27 £ 6.95

61.87 £5.52:

DKG
XKG

23.65£4.25% 23.05+4.97% 27.88 £5.37 2410 £9.15 21.22 £5.24
37.85+13.55

27.47 £ 4,73

23.70 £ 4.874

Lymphocytes (%)

27.23 £7.20

27.61 £ 6.68* 27.58 £5.72% 28.76 £ 6.31* 27.04 £12.57*

25.97 £ 6.56™

DKG
XKG

9.02 £ 0.29* 9.03 £ 0.50* 8.32+0.85% 7.32+0.91* 8.00 £ 1.57 6.33 £ 1.45

6.33+£1.31*

Monocytes (%)

7.00 £ 0.98A 6.10 £ 1.44 6.62+1.17* 5.47 +£3.04 5.70 £ 2.60* 6.00 £ 1.18

6.57 £0.92:

DKG
XKG
DKG

0.17 £0.07*
0.25+£0.08*

0.13 £0.09*
0.20 £ 0.10*

0.06 £ 0.04*

0.15+0.06*
0.30+0.10*

0.12 £ 0.04*
0.30 = 0.08A

0.10 £ 0.05*
0.37 £ 0.092A

0.18 £0.08
0.73 £0.332A

Basophils (%)
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0.23+£0.12*
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both the groups XKG and DKG, significant
(p<0.05) wvariations in blood glucose
levels were observed during the surgical
anaesthesia period. Blood glucose levels
significantly increased upon induction
and were elevated over the duration of
anaesthesia maintenance. After recovery,
there was a significant decrease in blood
glucose levels from elevated values in
both groups. This decrease was attributed
to temporary insulin resistance induced
by the administration of the alpha-2
agonists xylazine and dexmedetomidine.
However, as the effects of alpha-2 agonist
wore off during the post-recovery period,
blood glucose levels returned to near base
values. This transient hyperglycemia led to
increased urine output without the presence
of glucosuria or any adverse effects.
The present study found that xylazine
induced higher levels of hyperglycemia
compared to the dexmedetomidine group,
which is consistent with previous studies
(England and Clarke 1996, Daunt and
Steffey 2002, Ambrosio et al. 2012).

In both the groups, XKG and DKG,
non-significant decrease of total protein
and albumin up to 60 min after increase
pattern was observed and it returned to
base values without major alterations. The
decrease pattern can be attributed to the
haemodilution caused by the administration
of fluids during the surgery. Additionally, as
reported by Wagner et al. (1991), the shift
of fluid from the extravascular compartment
to the intravascular compartment to
compensate the hypotension for increasing
the cardiac output may contribute to
a decrease in total serum proteins and
albumin. Similar findings were reported by
Kullaman ef al. (2014) and Deepesh (2019).

In both the groups XKG and DKG,
significant (p<0.05) variations in BUN
levels were observed between the groups,
with Group II exhibiting higher values
compared to Group I. However, these
changes were not clinically significant and
could be attributed to individual variations
and age differences. Within both groups,
non-significant decreases in BUN levels
were observed. In contrast, no significant
variations in serum creatinine levels were
found between or within the groups,
indicating stable renal function throughout
the surgical period. Kinjavdekar et al.
(2000) and Fani et al. (2008) reported that
the anaesthesia temporarily inhibited renal
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blood flow which raised the plasma urea

[eydes juaroyip SuLeaq SUBSJA

Both the groups demonstrated that liver

nitrogen level but adequate surgical fluid
enzymes AST (aspartate aminotransferase),

administration improved renal function by

increasing cardiac output.

ALT (alanine aminotransferase) and ALP
(alkaline phosphatase) remained within the

showing no significant changes, with only

minor fluctuations within the normal limits.
Similar findings were reported by Thakur

et al. (2011), Agivale et al. (2019) and

normal range during anaesthetic period,
Deepesh (2019).

Both the groups showed higher levels
of total bilirubin during the preoperative
period, which remained stable with minor
fluctuations throughout the surgical period.
The increase in total bilirubin levels above
the normal range, was attributed to the
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Both haematological and biochemical

results

slightly  better
compared to the XKG group, suggesting

changes remained within acceptable limits,
indicating that no significant abnormalities
were observed. Notably, the DKG group

demonstrated

that the newer dexmedetomidine drug

may offer advantages in multiple aspects.

fully explore the potential applications and

However, further studies are necessary to
benefits of dexmedetomidine in horses.
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