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Abstract
Aim: The purpose of this study was to compare the electrocardiographic (ECG), hematological and clinico-biochemical
effects of two balanced anesthetic protocols in dogs.
Materials and Methods: A total of 20 clinical cases of dogs, randomly divided into two groups of 10 animals each
were made part of study. All dogs were premedicated with injection atropine sulfate @ 0.04 mg/kg body weight (b. wt.)
subcutaneously followed 15 min later with injection butorphanol tartarate @ 0.2 mg/kg b. wt. intravenous (IV). Subsequently
after 10 min premedicated with injection diazepam @ 0.5 mg/kg b. wt. IV (Group DP) or injection acepromazine maleate
@ 0.015 mg/kg b. wt. IV (Group AP) followed by injection propofol “till effect” IV for induction of surgical anesthesia.
The animals were immediately transferred to halothane in oxygen. Observations recorded in dogs included ECG recordings,
hematological and clinico-biochemical observations at various time intervals.
Results: No arrhythmia was observed in any animal pre-operatively and intra-operatively in any of the groups. Significant
fall in packed cell volume (PCV) and total erythrocyte count occurred in DP group in early phase, whereas only PCV
decreased significantly in AP group. Biochemical parameters were non-significant in both the groups.
Conclusion: Both diazepam-butorphanol-propofol-halothane and acepromazine-butorphanol-propofol-halothane are safe
with respect to their ECG, hematological and biochemical effects in clinical cases.
Keywords: acepromazine, butorphanol, diazepam, dog, propofol.
Introduction

Small animals are most often placed under general anesthesia due to the types of procedures typically
performed, the small size of the patient, their suitability to general anesthesia, and the greater degree of
control. A balanced anesthesia protocol can be used
whereby different drugs with different effects are used
and hence that a high dose of just one drug can be
avoided. Premedication plays an important role in this
respect, because analgesic and myorelaxant effects of
substances used for premedication may have prime
importance for the whole anesthesia. The combination
of complementary drugs permits use of a decreased
dose of each drug to achieve anesthesia and decreases
their commensurate side effects. These requirements
are often met when neuroleptanalgesic combinations
– The combination of a neuroleptic drug with sedative properties and an opioid analgesic drug are used.
Combinations of diazepam-butorphanol and acepromazine-butorphanol are routinely used as preanesthetic
to general anesthesia in dogs.
Propofol is one of the most common anesthetics
used in present-day medicine [1]. Propofol is also a
Copyright: The authors. This article is an open access article licensed
under the terms of the Creative Commons Attributin License (http://
creative commons.org/licenses/by/2.0) which permits unrestricted
use, distribution and reproduction in any medium, provided the
work is properly cited.
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reliable, safe and prompt anesthetic agent when used
during induced cardiovascular and pulmonary-impaired conditions without surgery, or to induce anesthesia prior to inhalant anesthesia with and without
surgery. In addition, the drug has antioxidant properties (propofol-nitrous oxide) secondary to its phenol-based chemical structure [2]. Halothane (2-bromo-2-chloro-1,1,1-trifluoroethane), a halogenated
hydrocarbon, is an inhalational anesthetic agent that
has been widely used as an induction and maintenance volatile anesthetic since introduced into clinical
practice in 1957 [3]. Halothane anesthesia has been
reported to be possibly the most commonly used inhalational anesthetic in many developing countries [4].
Several drugs used in anesthesia interfere with
the cardiac rhythm. As a rule, those effects of the
anesthetics on the cardiac conduction system, such as
those promoted by drugs like acetylcholine or opioids
are well known. On the other hand, careful studies on
more recent drugs are lacking and their effects are not
completely understood [5]. Both anesthetic drugs and
surgical procedure have variety of effects on blood
hemato-biochemistry. These alterations are particularly important in clinical patients which may have
underlying conditions.
Keeping in view the above, the goal of this
study was to clinically evaluate electrocardiographic
(ECG), hematological and clinico-biochemical effects
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of diazepam and acepromazine along with butorphanol in propofol induction and halothane maintenance
anesthesia as balanced anesthesia protocol in canines.
Materials and Methods
Ethical approval

The research program was conducted after the
approval of the Institutional Animal Ethics Committee,
CSKHPKV, Palampur (H.P).
Location and Clinical programme of work

Clinical cases of dogs of either sex presented to
the Teaching Veterinary Clinical Complex of the college for various surgical affections were made the subjects of the study. The dogs were subjected to a detailed
physical examination and were categorized according to surgical procedures performed and American
Society of Anesthesiologists Classifications (Table-1).
The area of saphenous and recurrent tarsal veins in all
the limbs were prepared aseptically for administration
of drugs as well as for collection of blood samples
along with intravenous (IV) catheterization, delivering injection ringer lactate. All dogs were premedicated with injection. Atropine sulfate @ 0.04 mg/kg
body weight (b. wt.) followed 15 min later with injection butorphanol tartarate @ 0.2 mg/kg b. wt IV.
Subsequently after 10 min pre-medicated with injection diazepam @ 0.5 mg/kg b. wt IV (Group DP, n=10)
or injection. acepromazine maleate @ 0.015 mg/kg
b. wt. IV (Group AP, n=10). After 5 min anesthesia was
induced with injection. Propofol (3.0-5.0 mg/kg) by
IV injection “till effect.” Then endotracheal intubation
was done and animals were connected to the anesthetic
machine (co-axial circuit with carbon dioxide absorber
[Anesthetic machine: Moduflex co-axial Circuit,
Dispomed Ltd. Canada]) with halothane vaporizer till
the end of surgery. Oxygen flow rates were set according to b. wt. of the animal. The groups were evaluated
on the basis of the following parameters: ECG, hematological and biochemical observations.
Table-1: Patient classification.

Signalment
Mean age (months)
Gender
Male
Female
Mean b.wt (kg)
Categorized surgical
procedures
Elective surgeries
Orthopedic surgeries
Tumor excision
Others
Physical status
ASA 1
ASA 2
ASA 3
Total

ECG observations

Animals were positioned on a non-conductive
surface in right lateral recumbency with forelimbs
perpendicular to the long axis of the body. ECG was
obtained using lead II system (1 mv=1 cm 25 mm/s).
The animals were monitored by continued computerized ECG using multi parameter monitor (BPL India,
Ltd., New Delhi, India). ECG tracings were taken at
regular time intervals i.e., T0 min (min), T1 min, T5 min,
T15 min, T30 min and T45 min (Table-2). Development of
arrhythmias were observed and following time and
voltage function components of ECG were recorded
from tracings: P interval, QRS interval, QT interval,
T interval, ST segment elevation and depression from
base line, PR segment, P amplitude, R amplitude,
QRS amplitude, T amplitude.
Hematological observations

The blood samples collections were made at
base line, early phase and late phase as per Table-3.
To evaluate hematological parameters, venous
blood (0.5-1 ml) of each animal was collected in
EDTA vials. The hematological parameters estimated were hemoglobin (Hb), packed cell volume
(PCV), total erythrocyte count (TEC). The samples
were analyzed using blood cell counter (Blood Cell
Counter: BC-2800 vet, Auto Hematology Analyzer,
Mindray).
Biochemical observations

A volume of 5 ml of venous blood was collected
in heparinized vials. Plasma was separated by centrifugation at 2500 rpm for 15 min. The blood glucose was estimated immediately by digital glucometer (Blood Glucose Monitor: Bayer contour, Bayer
AG). The various plasma attributes and enzymes
estimated were: Aspartate aminotransferase (AST),
alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine (CRTN), total protein (TPR)
and alkaline phosphatase and plasma chloride using
Table-2: Time interval for recording various observations.

DP group

AP group

25.5±4.63

29.00±8.83

2
8
14.58±2.01

7
3
17.99±1.50

9
1
-

6
2
1
1

9
1
10

6
3
1
10

b.wt=Body weight, ASA=American Society of
Anesthesiologists
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Time interval

Time/stage

T0

T5

Base value (before administration
of anesthetic drug)
Just after induction and start of
halothane maintenance
5 min post halothane

T15

15 min post halothane

T30

30 min post halothane

T45

45 min post halothane

T1

Table-3: Time interval for hemato-biochemical
observations.
Time interval

Time/stage

Base line
Early phase

Base value (before anesthesia)
Intraoperative (at T30 i.e.,
30 min post halothane)
Post-operative (after extubation)

Late phase
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commercially available kits on semi-automatic blood
chemistry analyzer (Blood Chemistry Analyzer:
(RA-50), Bayer Diagnostics, Gujarat-India). Plasma
sodium and potassium (K) were estimated on flame
photometer (Flame Photometer: Flame Photometer
129, Systronics, Gujarat-India).
Statistical analysis

The statistical analysis of data was performed
with SAS 9.2 by SAS Institute Inc., Cary. NC. USA,
using simple t-test. The paired t-test was used to compare the mean values at different intervals with their
base values in each group. p<0.05 and p<0.01 were
considered as significant.
Results
ECG effects

The ECG parameters during anesthesia in both
the groups are depicted in Tables-4 and 5. No arrhythmia was observed in any animal pre-operatively and
intra-operatively in any of the groups. There was significant increase in QT interval at T15 (p<0.05), T30
(p<0.05) and at T45 (p<0.01) in AP group. Significant
(p<0.05) increase in P amplitude was recorded just
after induction in AP group. Furthermore, significant
(p<0.05) increase in PR segment was recorded at
T30 in AP group. In one animal in DP group, wandering sinus pacemaker was present at T1 and T5
(Figure-1a-c). Diphasic T waves were also present in
this dog after induction until the end of the anesthetic
period. ST elevation was noticed in an animal in AP
group, 5 min after induction and start of halothane
maintenance, which sustained till T45 (Figure-1d
and e). Generally spiked hyperkalemic T waves
were noticed in another dog in AP group (Figure-1f
and g). T waves at T0 and T5 were normal, while at
T15, T30 and T45 peaked T waves were present. Plasma
potassium levels in this dog were; before anesthesia
4.0 mmol/L, during anesthesia 7.0 mmol/L and after
anesthesia 7.0 mmol/L.
Hematological and biochemical observations

In both the groups, there was non-significant fall
in Hb in early phase which later recouped but values
were lower than the base line (Table-6). There was

significant fall in PCV at early phase in both the groups
with (p<0.01) in DP and (p<0.05) in AP group respectively. Similarly TEC showed significant decrease at
early phase (p<0.01) and late phase (p<0.05) in DP
group. All the changes were within clinically normal
ranges. Inter group comparison showed non-significant difference between values of Hb, PCV and TEC.
Mean±standard error values of biochemical
observations in both the groups at different time intervals are illustrated in Table-7. During the present study,
in general, the changes in biochemical parameters
were observed to be non-significant. Glucose showed
non-significant decrease from base line values in both
the groups at early phase. At late phase glucose levels increased non-significantly in comparison to early
phase. There was non-significant decrease in AST
in both the groups and ALT in DP group. Intergroup
comparison showed significant (p<0.05) difference
between late phase values of TPR. Significant difference (p<0.05) was also found in CRTN early phase
values and late phase (p<0.01). Chloride values were
also significant (p<0.05) at early phase between two
groups.
Discussion

This clinical study was carried out to clarify and
compare the degree of influence of anesthetic agents
commonly used during anesthesia on the heart conduction systems of dogs, with or without the presence
of ECG changes in the pre-anesthetic ECG. Effects
on blood hematology and biochemistry were also
observed. A total of twenty animals were randomly
and equally divided into two groups DP and AP of
10 animals each.
ECG was overall normal in both the groups and
significance cannot be attached to some of the changes
in time and voltage parameters of ECG. Wandering
sinus pacemaker is a frequent normal finding in
dogs [6]. Diphasic T waves in the animal correlated
with intraoperative hypokalemia [6]. Plasma potassium levels in this dog were; base line 6.0 mmol/L,
early phase 3.3 mmol/L and late phase 3.6 mmol/L.
Reference ranges for canine plasma potassium are
3.6-6.0 mmol/L [7]. Anesthetic induced myocardial

Table-4: Mean±SE values of ECG variables during anesthesia in group DP (n=10) and AP (n=10) at different time
intervals in dogs.
Time
interval
(min)

P interval (s)
DP

AP

QRS interval (s)
DP

AP

QT interval (s)
DP

AP

T interval (s)
DP

AP

T0

0.04±0.001

0.047±0.005 0.058±0.006 0.051±0.002 0.172±0.017 0.181±0.008 0.056±0.006 0.058±0.007

T1

0.043±0.002

0.047±0.003 0.054±0.003 0.049±0.002 0.168±0.018 0.180±0.005 0.051±0.005 0.065±0.005

T5

0.044±0.003

0.047±0.003 0.056±0.003 0.052±0.003 0.200±0.010 0.197±0.007 0.064±0.007 0.076±0.010

T15

0.043±0.001

0.057±0.003 0.052±0.003 0.050±0.002 0.198±0.006 0.202a±0.005 0.063±0.007 0.064±0.011

T30

0.04±0.001**

0.05±0.003 0.054±0.003 0.047±0.002 0.219±0.010 0.215a±0.008 0.060±0.009 0.080±0.01

T45

0.038±0.002** 0.055±0.004 0.056±0.002 0.055±0.004 0.203±0.007 0.217ab±0.007 0.068±0.012 0.080±0.008

The mean difference from base value is significant (p<0.05), abThe mean difference from base value is
significant (p<0.01), **The mean difference between the groups is significant (p<0.01), SE=Standard error,
ECG=Electrocardiographic

a
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a

b

c

d

e

f

g
Figure-1: Electrocardiographic findings, (a) At T0 normal electrocardiographic, normal P waves and T waves, (b) At T5
wandering sinus pacemaker (black arrows) is evident and diphasic T waves (blue arrows), (c) At T15 absence of wandering
sinus pacemaker and diphasic T waves are still presented, (d) Normal ST segment at T0, (e) At T5 elevation in ST segment
was observed (black arrows), (f) At T0 normal T waves, (g) At T15 typically spiked hyperkalemic T waves present (black
arrows).

hypoxia may have caused ST elevation [6]. Marked
ST-segment elevation in the right precordial leads
in propofol anesthesia has been reported in humans
too [1]. Spiked T waves may have been caused by
intraoperative hyperkalemia [6]. Plasma potassium
levels in this dog were; before anesthesia 4.0 mmol/L,
during anesthesia 7.0 mmol/L and after anesthesia
7.0 mmol/L. Spiked T waves and biphasic T waves
were also observed in xylazine-propofol anesthesia in
dogs [8].
Prolonged QT interval can occur in hypothermia and bradycardia [6]. There is inverse relationship
between QT interval and heart rate [9,10]. Similarly,
propofol induced increase in the means of PQ, QRS
and QT intervals with decrease in heart rate and
arterial blood pressure were observed in dogs [11],
whereas decrease in QT interval has been reported in
goats [12]. Dennis et al. [13] compared the effects of
propofol and thiopentone on ECG of dogs and found
that propofol induced a comparatively lesser increase
Veterinary World, EISSN: 2231-0916

in QT and ST intervals. Furthermore, halothane has
been reported to prolong QT interval in humans [14].
Therefore, increase in QT interval in present study may
have been due to bradycardia, anesthetic caused hypothermia or propofol and halothane caused increase.
Decrease in Hb intra-operatively may be
because whether or not animals are anemic prior to
the operative procedure, Hb concentrations will be
decreased intraoperatively by anesthetic-induced
vasodilation, splenic dilation, non-Hb-containing
fluid administration and blood loss [7]. Similarly,
Naghibi et al. [15] reasoned that due to vasodilation at the level of microcirculation and passage of
many red blood cell (RBC’s) from circulation may
cause decrease in Hb level measured in peripheral
veins, which is also called as plasma skimming.
Pooling of circulatory blood cells in the spleen or
other reservoirs secondary to sympathetic activity
may explain the decrease in Hb, PCV and total leukocyte count [16].
838

0.246±0.041
0.267±0.064
1.394±0.219
1.356±0.124
1.918±0.158
1.912±0.176
0.251±0.032
0.203±0.021
0.048±0.006
0.046±0.004
T45

The mean difference from base value is significant (p<0.05), abThe mean difference from base value is significant (p<0.01), *The mean difference between the groups is
significant (p<0.05), SE=Standard error, PR=Phase rate, ECG=Electrocardiographic

0.206±0.020
0.055a±0.005
0.052±0.005
T30
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a

0.318±0.075
0.328±0.056
1.449±0.195
1.384±0.128
1.955±0.156
1.852±0.143

0.207±0.020
0.055±0.047
0.05±0.006
T15

0.235±0.028

0.327±0.049

0.373±0.072
0.259±0.065
1.386±0.203
1.317±0.143
1.864±0.161
1.820±1.144

0.200±0.016
0.054±0.005
0.061±0.008

0.242±0.022

0.301±0.050
0.265±0.025

0.250±0.045
1.250±0.160

1.378±0.103
1.124±0.137

1.261±0.135
1.632±0.227

1.774±0.106
1.70±0.183

1.734±0.156

0.289 *±0.024
0.196±0.029
0.042±0.004
0.048±0.006
T1

T5

0.282*±0.025

0.266±0.045
0.250±0.036
1.058±0.206
1.264±0.198
1.732±0.157
1.805±0.160
0.199±0.022
0.042±0.005
T0

0.051±0.004

a

0.226±0.039

AP
DP
AP
DP
AP
DP
AP
DP
AP
DP

QRS amplitude(Mv)
R amplitude(Mv)
P amplitude(Mv)
PR segment(s)

Time
interval
(min)

Table-5: Mean±SE values of ECG variables during anesthesia in group DP (n=10) and AP (n=10) at different time intervals in dogs.

T amplitude(Mv)
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Results of this study are in consistence with
previous studies. Gill et al. [17] reported decrease in
hematocrit, Hb and RBC count values and an increase
in white blood cell count values after surgery was
performed under acetylpromazine-propofol anesthesia in dogs. Similarly, decrease in Hb, PCV and TEC
has been reported in diazepam-propofol anesthesia in
dogs [18]. Whereas, no change in PCV and a decrease
in Hb, TEC and TLC till 15th min after induction
of anesthesia with propofol and then a gradual rise
towards the pre induction levels was observed [19].
Halothane induced significant decrease in PCV, Hb
and plasma protein was also observed in dogs [20].
Thus combined effects of propofol, halothane with
anesthetic induced change may have decreased Hb,
PCV and TEC in the present study.
Hypoglycemia may have occurred as a non-specific hormonal response to the stress of anesthesia
and operation [7]. Previous studies have reported
hyperglycemia with use of propofol [21]. There were
no deleterious effects of halothane on liver transaminases in this study rather AST values decreases intraoperatively. Kwon et al. [22] observed decrease in
AST and ALT values within clinically normal range
and non-significant change in BUN and CRTN levels
during propofol anesthesia in dogs, when propofol
anesthesia was induced and maintained for 7 consecutive days in dogs. No alterations in biochemical
parameters (except hyperglycemia) in dogs under
propofol anesthesia have been published by Mukati
et al. [21]. Halothane or its metabolites could cause
a mild increase in liver enzymes suggestive of
sub-clinical liver cell alteration which buttresses the
fact that halothane anesthesia is still a safe agent in
patients without pre-existing liver disease. Halothane
induced elevation in serum liver enzymes have been
reported in dogs [23], in camels [24]. Better blood
supply to liver due to propofol administration may
have caused decrease in ALT and AST as observed
in this study.
In the present study, there was no significant difference in plasma electrolyte concentrations during
propofol-halothane anesthesia in all groups, which
indicated that electrolyte balance is not altered.
Halothane has been reported not to cause any significant alteration in the level of plasma sodium and
potassium in buffaloes also [25].
Conclusion

Both the anesthetic combinations i.e., diazepam-butorphanol-propofol-halothane and acep
romazine-butorphanol-propofol-halothane
produced no arrhythmia. Prolongation of QT interval was observed in AP group, however it is clinically acceptable. Significant fall in PCV and TEC
occurred in DP group in early phase, whereas only
PCV decreased significantly in AP group. These
changes were within clinically normal ranges. No
significant biochemical changes were observed.
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Table-6: Effects of DP (n=10) and AP (n=10) anaesthetic drug combinations on various haematological parameters
during early and late phase in dogs (mean±SE).
Time
(phases)
Base line
Early phase
Late phase

Hb (g %)

PCV (%)

TEC (1012/μl)

DP

AP

DP

AP

DP

AP

14.02±0.49
13.06±0.44
12.98±0.34

13.20±0.53
11.85±0.65
12.05±0.62

40.68±1.26
31.52±2.47ab
33.87±3.07

41.1±1.42
34.5±1.90a
37.2±2.04

6.37±0.22
4.74±0.30ab
5.31±0.38a

5.54±0.54
4.70±0.61
5.06±0.46

The mean difference from base value is significant (p<0.05), abThe mean difference from base value is
significant (p<0.01), **The mean difference between the groups is significant (p<0.01). PCV=Packed cell volume,
TEC=Total erythrocyte count, Hb=Hemoglobin, SE=Standard error

a

Table-7: Effects of DP (n=10) and AP (n=10) anaesthetic drug combinations on various biochemical parameters during
early and late phase of study in dogs (mean±SE).
Variables

Glu (mg/dl)
CRTN (mg/dl)
BUN (mg/dl)
TPR (mg/dl)
ALT (IU/L)
AST (IU/L)
ALKP (IU/L)
Chloride (mmol/L)
Sodium (mmol/L)
Potassium (mmol/L)

DP

AP

Base line

Early phase

Late phase

Base line

Early phase

Late phase

98.16±6.05
1.04±0.17
19.64±4.03
5.88±0.52
38.4±4.45
48.3±12.3
74.9±11.7
107.6±4.55
138.0±4.12
4.16±0.263

87.06±7.99
1.06±0.17*
16.49±2.94
5.64±0.54
31.1±4.08
35.6±11.6
74.7±11.9
112.3±2.99*
138.7±3.56
4.04±0.239

109.3±14.41
1.05±0.18**
21.00±5.64
5.51±0.32*
34.1±4.39
50.0±15.13
72.9±8.24
106.7±2.66
142.0±3.29
4.08±0.243

77.3±4.46
1.44±0.06
22.52±0.25
6.74±0.21
36.2±2.95
33.8±3.19
75.2±16.9
119.7±2.23
143.2±2.60
4.47±0.18

69.9±4.01
1.48±0.06
22.49±0.28
6.23±0.20
37.0±2.83
27.1±2.09
68.1±12.7
126.1±5.42
140.6±3.61
4.24±0.192

83.4±6.89
1.61±0.06
22.82±0.19
6.41±0.24
32.2±2.35
26.4±1.77
70.1±15.4
115.8±3.56
137.3±1.49
4.13±0.130

The mean difference from base value is significant (p<0.05), abThe mean difference from base value is significant
(p<0.01), *The mean difference between the groups is significant (p<0.05), **The mean difference between the groups
is significant (p<0.01). CRTN=Creatinine, BUN=Blood urea nitrogen, TPR=Total protein, ALKP=Alkaline phosphatase,
AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, SE=Standard error

a

Thus, both combinations are safe with respect to
their ECG, hematological and biochemical effects
in clinical cases.
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