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Evaluation of glycopyrrolate, fentanyl citrate, 

triflupromazine hydrochloride, midazolam and 

ketamine hydrochloride induction with isoflurane 

maintenance for the repair of tibial fractures in dogs 
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Kasaralikar, Prashantkumar Waghe, Venkatgiri and Manjunath Patil 

 
Abstract 
The objective of the study was to evaluate the efficacy of glycopyrrolate, fentanyl citrate, triflupromazine 

hydrochloride, midazolam and ketamine hydrochloride induction with isoflurane maintenance for the 

repair of tibial fractures in dogs. In the present study, a total of 12 dogs with tibial fractures were divided 

into 2 groups of 6 dogs each. The anaesthetic protocol used in group-I was glycopyrrolate, fentanyl 

citrate, triflupromazine hydrochloride and ketamine hydrochloride induction with isoflurane 

maintenance. In group-II, glycopyrrolate, fentanyl citrate, midazolam and ketamine hydrochloride 

induction with isoflurane maintenance was used. Qualitative parameters such as abolition of reflexes, 

degree of analgesia, degree of muscle relaxation and physiological parameters such as heart rate, 

respiratory rate and temperature were recorded at the 0th minute prior to induction and at the 15th, 30th, 

60th and 90th minute after induction in both groups. Both the anaesthetic protocols provided safe and 

satisfactory anaesthesia in dogs undergoing tibial fracture repair. However, the dogs in group-II showed 

superior abolition of reflexes, analgesia and muscle relaxation as compared to group-I dogs at 15 minutes 

after induction. Thereafter, there was excellent analgesia and muscle relaxation with abolition of reflexes 

throughout the surgery in both groups. 

 

Keywords: anaesthesia, fentanyl, tibia fracture, dogs 

 

Introduction 

Multimodal analgesia involves the use of different classes of analgesic agents to achieve 

synergistic effects and decrease adverse events [1]. The use of glycopyrrolate in conjunction 

with opioid administration, offset the potential bradycardic effects of the opioid [2]. Fentanyl is 

a pure μ agonist with a potency of around 50 times greater than morphine, enabling the use of 

small doses to produce profound analgesia [3]. Triflupromazine is a good pre-medicant with a 

quick sedative effect, long duration of anaesthesia with less induction dose of an anaesthetic 

and short recovery time [4]. The administration of midazolam provides for smooth induction 

and smooth tracheal intubation quality [5]. Ketamine produces a range of effects from sedation 

to anaesthesia. It is usually administered with a co-induction agent such as a benzodiazepine to 

avoid muscle rigidity, spontaneous movement and undesirable recoveries [6]. Isoflurane offers 

a fast induction and recovery. It also has a relative sparing effect on cardiovascular function 

and is hence preferred over other inhalant anaesthetics [7].  

 

Materials and Methods 

The study included 12 cases of tibia fractures in dogs which were stabilised using either the 

intramedullary pinning technique (group-I) or the intramedullary interlocking nailing 

technique (group-II). The dogs were kept off feed for 12 hours and off water for 6 hours prior 

to surgery. The anaesthetic protocol followed for dogs in group-I was pre-anaesthesia with 

glycopyrrolate [27] @ 0.01mg/kg subcutaneously, fentanyl citrate [28] @ 0.003mg/kg 

intravenously and triflupromazine HCl [29] @ 0.5mg/kg intravenously. Anaesthesia was 

induced with ketamine HCl [30] @ 6mg/kg intravenously and maintained with isoflurane [31] @ 

2-3%. In group-II, the dogs were pre-anaesthetised with glycopyrrolate @ 0.01mg/kg 

subcutaneously, fentanyl citrate @ 0.003mg/kg intravenously and midazolam [32] @ 0.2mg/kg 

intravenously. Anaesthesia was induced with ketamine HCl @ 6mg/kg intravenously and 

maintained with isoflurane @ 2-3%. Following induction, the dogs were intubated with cuffed 
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endotracheal tubes of suitable sizes with the help of a 

laryngoscope in both groups. The endotracheal tubes were 

then connected to the small anaesthetic machine. To evaluate 

the efficacy of the anaesthetic protocols, the following 

parameters were recorded in both groups before the 

administration of pre-anaesthetics at the 0th minute and at the 

15th, 30th, 60th and 90th minute after induction. 

1. Abolition of reflexes: Abolition of pedal, palpebral and 

corneal reflexes were assessed and recorded. 

2. Degree of analgesia: Analgesia was recorded by pinching 

of the digit or pad or by observing the animal’s response 

to surgical stimulation. 

3. Degree of muscle relaxation: Muscle relaxation was 

assessed by jaw tone and reduced resistance to passive 

flexion of the limb. 

4. Physiological observations: Heart rate (beats/minute), 

respiratory rate (breaths/minute) and rectal temperature 

(°F) were recorded. 

5. Type of recovery: This was determined by monitoring the 

animal during anaesthetic recovery. 

 

The degree of analgesia and muscle relaxation was graded 

based on the following criteria 

0 – No analgesia or muscle relaxation 

1 – Mild analgesia or muscle relaxation 

2 – Moderate analgesia or muscle relaxation 

3 – Excellent analgesia or muscle relaxation 

 

After completion of the surgery, the isoflurane was stopped 

and oxygen was administered until the gag reflex was 

observed. After the gag reflex or swallowing reflex was 

observed, the anaesthetic machine was disconnected from the 

endotracheal tube and the endotracheal tube was deflated and 

removed. The data obtained was tabulated and statistically 

analysed using student’s t-test. 

 

Results and Discussion 

Abolition of reflexes 

Fifteen minutes after induction, the animals in group-II 

showed less response to stimuli when compared to the 

animals in group-I. At 30, 60 and 90 minutes after induction, 

the reflexes were absent in both groups. The reflexes were 

regained only after discontinuation of isoflurane. However, 

the animals in group-II showed signs of sedation for 

prolonged periods after anaesthesia. 

The sedation and ataxia that was recorded in group-I could be 

due to the administration of triflupromazine hydrochloride [4, 

8]. The delayed abolition of reflexes in group-I dogs might be 

due to the slow onset of sedation of triflupromazine 

hydrochloride [9]. In group-II, the abolition of pedal, palpebral 

and corneal reflexes could be due to the initial signs of 

profound weakness and ataxia as seen with midazolam [10]. 

The profound sedation followed by administration of 

midazolam in group-II, was due to the use of midazolam in 

combination with fentanyl and ketamine [11]. 

 

Degree of analgesia 

The Mean ± SE analgesic scores of the dogs in group-I, 

before induction at the 0th minute and after induction at the 

15th, 30th, 60th and 90th minute respectively were 0.00±0.00, 

1.67±0.21, 3.00±0.00, 3.00±0.00 and 3.00±0.00. Mild to 

moderate analgesia was recorded 15 minutes after induction. 

The analgesia was excellent thereafter and throughout the 

surgery. The Mean ± SE scores of analgesia of the dogs in 

group-II, before induction at the 0th minute and after 

induction at the 15th, 30th, 60th and 90th minute respectively 

were 0.00±0.00, 2.83±0.17, 3.00±0.00, 3.00±0.00 and 

3.00±0.00. Moderate to excellent analgesia was noticed 15 

minutes after induction. Thereafter, the analgesia was 

excellent throughout the surgery.  

Excellent analgesia was observed immediately after 

administration of fentanyl citrate [1, 4]. The duration of 

analgesia and anaesthesia was found to be long and was 

attributed to the administration fentanyl citrate in combination 

with ketamine hydrochloride [12]. The optimal analgesia 

throughout the period of anaesthesia was due to midazolam 
[13]. 

 

Degree of muscle relaxation 

The Mean ± SE scores of muscle relaxation of the dogs in 

group-I, before induction at the 0th minute and after induction 

at the 15th, 30th, 60th and 90th minute respectively were 

0.00±0.00, 1.50±0.22, 3.00±0.00, 3.00±0.00 and 3.00±0.00. 

Mild to moderate muscle relaxation was recorded 15 minutes 

after induction. The muscle relaxation was excellent thereafter 

and throughout the surgery. The Mean ± SE muscle relaxation 

scores of the dogs in group-II, before induction at the 0th 

minute and after induction at the 15th, 30th, 60th and 90th 

minute respectively were 0.00±0.00, 2.83±0.17, 3.00±0.00, 

3.00±0.00 and 3.00±0.00. Moderate to excellent muscle 

relaxation was noticed 15 minutes after induction. The muscle 

relaxation was excellent throughout the surgery.  

The excellent tranquilizing potency of triflupromazine 

hydrochloride could be associated with the excellent muscle 

relaxation in group-I [14]. In group-II, the optimal skeletal 

muscle relaxation throughout the period of anaesthesia was 

due to midazolam [13]. The smooth induction and endotracheal 

intubation in group-II dogs was due to the use midazolam as a 

pre-anaesthetic [5]. The undesired effects of ketamine such as 

muscle rigidity and spontaneous movement owing to the use 

of ketamine were avoided by the co-induction agent 

midazolam in group-II [6]. 

 

Heart rate (beats/minute) 

In group-I, there was significant (p≤0.01) bradycardia 

between 15 to 90 minutes of the study, when compared to the 

pre-administration level (0 minute). In group-II, there was 

significant tachycardia (p≤0.01) at 15 minutes followed by 

bradycardia from 30 to 90 minutes. The bradycardia was 

statistically significant (p≤0.05) only at 30 minutes. However, 

there was non-significant (p>0.05) tachycardia at 60 minutes 

followed by bradycardia at 90 minutes when compared to the 

before pre-medication level (0 minute). The comparison 

between groups revealed that group-I animals had a 

significantly (p≤0.05) higher heart rate compared to the 

group-II animals at all intervals of study except at the 15 

minutes interval. The Mean ± SE values of heart rate 

(beats/minute) are given in figure 1 for both groups.  

Glycopyrrolate did not cause ventricular arrhythmias and 

prevented sinus bradycardia [15, 16, 17]. Glycopyrrolate 

produced initial tachycardia in group-II [18]. Severe 

bradycardia due to fentanyl citrate was not observed and was 

attributed to the use of glycopyrrolate as a pre-medicant in 

both groups. The mild bradycardia observed after induction 

could be associated with the administration of fentanyl citrate 

in both groups [2, 12]. 
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Respiratory rate (breaths/minute) 

In both groups, there was significant bradypnoea (p≤0.01) at 

all intervals of study when compared to the pre-medication 

status. Comparison between groups revealed that group-II 

animals had a higher (p≤0.05) respiratory rate before pre-

medication when compared to group-I animals, whereas, 

significant (p≤0.05) bradypnoea was observed in group-II 

animals compared to group-I animals at 15 minutes of study. 

However, there was a non-significant difference (p>0.05) in 

the respiratory rate at 30, 60 and 90 minutes of the study 

between the two groups. The Mean ± SE values for 

respiratory rate (breaths/minute) are given in figure 2 for both 

groups.  

Fentanyl citrate produced bradypnoea, however, did not cause 

apnoea in any of the 12 cases [12]. The respiratory depression 

observed in group-II dogs could be attributed to the 

administration of a combination of ketamine and midazolam 
[19]. The marked respiratory depression in both groups was 

attributed to the use of isoflurane as a maintenance agent [20]. 

 

Rectal temperature (°F) 

In group-I animals, the rectal temperature decreased from 15 

minutes to 90 minutes when compared to the pre-

administration level. Hypothermia was significant (p≤0.05) 

only at the 90 minutes interval when compared to pre-

anaesthetic level. In group-II animals, there was an overall 

decrease in rectal temperature (p>0.05) when compared to the 

pre-administration level. However, there was a slight increase 

(p>0.05) in rectal temperature at 60 minutes, as compared to 

the 30 minutes interval. Comparison between groups revealed 

that there was no statistical difference between group-I and 

group-II animals at all intervals of study. However, 

statistically non-significant slightly higher rectal temperature 

was observed in group-II animals when compared to group-I 

animals at all the intervals of study. The Mean ± SE values for 

rectal temperature (°F) are given in figure 3 for both groups.  

Decrease in body temperature was noticed in both groups 

after induction of anaesthesia and could be mildly associated 

with the administration of fentanyl citrate [12, 21]. The decrease 

in rectal temperature could be due to the use of 

triflupromazine in the anaesthetic protocol [8]. The decrease in 

rectal temperature observed in both groups was due to the 

administration of ketamine coupled with pre-anaesthetics [22]. 

 

Type of recovery 

The recovery in both groups of dogs, was smooth and 

uneventful.  

Smooth recovery was noted in all cases and could be partially 

attributed to fentanyl citrate [23]. In group-I, the smooth, short 

and satisfactory recovery might have been due to the use of 

triflupromazine hydrochloride as a pre-medicant [4, 24]. The 

smooth recovery followed by prolonged light sedation in 

group-II dogs was due to the administration of midazolam [25]. 

In group-II dogs, the undesirable recovery associated with 

ketamine was abolished due to the co-induction agent 

midazolam [6, 26]. The quick recovery recorded in both groups 

was due to the maintenance with isoflurane [7, 20].  

 

 
Means bearing superscript* differ significantly (p≤0.05) from 
interval ‘before (0 min)’ within the group 
Means bearing superscript** differ significantly (p≤0.01) from 
interval ‘before (0 min)’ within the group 
Means bearing superscript a, b differ significantly (p≤0.05) between 

the groups at corresponding intervals 
 

Fig 1: Mean ± SE of heart rate (beats/minute) at different intervals 

during anaesthesia in both groups of dogs 

 

 
Means bearing superscript** differ significantly (p≤0.01) from 
interval ‘before (0 min)’ within the group 

Means bearing superscript a, b differ significantly (p≤0.05) between 

the groups at corresponding intervals 
 

Fig 2: Mean ± SE of respiratory rate (breaths/minute) at different 

intervals during anaesthesia in both groups of dogs 
 

 
Means bearing superscript* differ significantly (p≤0.05) from 

interval ‘before (0 min)’ within the group 
 

Fig 3: Mean ± SE of rectal temperature (°F) at different intervals 

during anaesthesia in both groups of dogs 
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Conclusions 

In conclusion, both the anaesthetic protocols provided safe 

and satisfactory anaesthesia in dogs. However, the dogs in 

group-II showed superior abolition of reflexes, analgesia and 

muscle relaxation as compared to group-I dogs at 15 minutes 

after induction.  
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