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Abstract 

The study was conducted to evaluate the isoflurane sparing effect of a multimodal analgesic protocol in 

dogs. Twelve animals presented for ovariohysterectomy were selected and divided into group I and II. 

Group I received gabapentin (2 mg/kg orally), meloxicam (0.1 mg/kg subcutaneously), butorphanol (0.2 

mg/kg) and dexmedetomidine (3.5 µg/kg intramuscular), diazepam (0.2 mg/kg), propofol to effect, 

ketamine (0.7 mg/kg), and lignocaine (2 mg/kg) intravenously, followed by a constant rate infusion of 

ketamine (10 µg/kg) and lignocaine (30 µg/kg) along with isoflurane maintenance. In Group II, tramadol 

2 mg/ kg and dexmedetomidine 3.5 µg/kg intramuscular, followed by diazepam 0.2 mg/kg and propofol 

to effect intravenously were given. Anaesthesia was maintained with isoflurane in both the groups. The 

multimodal analgesic protocol provided better quality of sedation and induction, reduced the requirement 

of propofol for induction and isoflurane for maintenance of anaesthesia and also reduced postoperative 

pain when compared to a balanced anaesthesia protocol without abnormal deviations from normal. 
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1. Introduction  

Multimodal analgesia is achieved through the additive or synergistic effect of two or more 

analgesics which have different mechanisms of action. When given preemptively it reduces 

peripheral and central sensitisation and tachyphylaxis (Gaynor and Muir 2015) [9]. It disrupts 

more than one part of the nociceptive pathway (Brown et al., 2018) [3] which is the process 

through which the noxious stimuli are transmitted through the nervous system and the 

perception of noxious stimuli by the somatosensory cortex leads to experience of pain by the 

individual. Nociception happens even if the patient is under anaesthesia and the nociceptive 

processes induced by surgery during handling of viscera or dissection of tissues is the main 

reason that demands general anaesthesia. If nociception is not controlled, it results in 

haemodynamic disturbances intraoperatively and pain syndromes postoperatively (Brown et 

al., 2018) [3]. Multimodal analgesia reduces the requirement of inhalant anaesthetics and 

autonomic response to surgical stimuli, thereby improves the cardiopulmonary function. It also 

brings about early and smooth recovery from anaesthesia. It aims at limiting the post operative 

pain to a tolerable level by preventing peripheral as well as central sensitisation (Lemke and 

Creighton, 2010) [11]. Hence a study was under taken to evaluate the effects of a multimodal 

analgesic protocol on requirement of inhalational anaesthetic used for maintenance of 

anaesthesia and control of post operative pain, in comparison with a balanced anaesthesia 

protocol for ovariohysterectomy in dogs. 

 

2. Materials and Methods 

The study was conducted in 12 dogs presented for ovariohysterectomy to University 

Veterinary Hospitals of Kerala Veterinary and Animal Sciences University. All the dogs under 

study were subjected to thorough pre-anaesthetic evaluation before surgery. A complete 

clinical examination, followed by evaluation of haematological and serum biochemical 

parameters, were carried out for all the dogs under study.  
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Based on the pre-anaesthetic evaluation, the anaesthetic risk 

was assessed and animals were assigned suitable status of 

physical health as per American Society of Anesthesiologists’ 

(ASA) standards. Those dogs falling under class I or II were 

included in the study. 

The selected dogs were divided randomly into two groups, 

Group I and II. The dogs in Group I received a multimodal 

analgesic protocol with five different classes of analgesic 

drugs as adjunct to balanced anaesthesia. Group II received a 

routine balanced anaesthesia protocol with only two drugs 

with analgesic properties in the protocol. Food was withheld 

for 12 hours and access to water was provided until four hours 

prior to pre-anaesthetic medication. 

All the dogs included in group I were given gabapentin at the 

dose rate of 2.0 mg/kg body weight orally and injection 

meloxicam 0.1 mg per kg body weight subcutaneously two 

hours and one hour prior to induction of anaesthesia 

respectively. Injection butorphanol 0.2 mg per kg body weight 

and injection dexmedetomidine 3.5 µg per kg body weight 

were given intramuscularly 20 minutes prior to induction of 

anaesthesia. Anaesthesia was induced with injection diazepam 

at the dose rate of 0.2 mg per kg body weight and injection 

propofol administered ‘to effect’ intravenously. This was 

followed by injection ketamine at the dose rate of 0.7 mg per 

kg and injection lignocaine at the dose rate of 2.0 mg per kg 

body weight administered intravenously for analgesia.  

All the dogs under Group II were given injection tramadol at 

the dose rate of 2.0 mg per kg body weight and injection 

dexmedetomidine at the dose rate of 3.5 µg per kg body 

weight, administered intramuscularly. After twenty minutes, 

anaesthesia was induced with injection diazepam at the dose 

rate of 0.2 mg per kg and propofol administered ‘to effect’ 

intravenously. 

Soon after induction, all the animals were intubated with 

appropriately sized endotracheal tubes to maintain airway 

patency and preoxygenated for two minutes. Inhalation 

anaesthesia with isoflurane was initiated after ensuring 

normal vital parameters in all the dogs. For those dogs 

belonging to Group I, it was followed by ketamine-lignocaine 

constant rate infusion (CRI) with injection ketamine at the 

dose rate of 10 μg per kg per minute and lignocaine at the 

dose rate of 30 μg per kg per minute. These were added to a 

volume of 5 ml per kg normal saline administered at a fluid 

rate of 5 ml per kg per hour using the CRI pump which was 

continued until the completion of surgical procedure. In 

Group II, normal saline was provided intravenously at the rate 

of 5 ml per kg per hour until the completion of surgical 

procedure. 

In both the groups, the time and quality of sedation and 

induction and dose of propofol needed for induction were 

recorded. The vital parameters, reflexes, peripheral saturation 

of oxygen (SpO2), end tidal carbon dioxide (EtCO2) and 

perfusion index were monitored during maintenance of 

anaesthesia. Flow rate of oxygen and the duration of 

anaesthesia for each vapouriser setting were also recorded to 

facilitate calculation of the volume of isoflurane vapour and 

subsequently volume of isoflurane liquid utilised. Blood 

pressure, ECG and rectal temperature were also monitored for 

all the dogs until the end of the procedure. The data were 

analysed using unpaired t test.  

 

2.1 Consumption of isoflurane 

The volume of isoflurane liquid required to maintain 

anaesthesia in each case were calculated according to the 

formula used by Kumar et al. (2013) [10]. As the body weight 

of the dogs under study ranged from 6 to 20 kg and the 

duration of anaesthesia from 25 to 80 minutes, it was 

standardized to 15 kg for 40 minutes. The duration of 

anaesthesia for each vapouriser setting and fresh gas flow rate 

were recorded and the total isoflurane vapour utilized was 

calculated using the formula  

 

(1) Vapouriser setting x fresh gas flow in litres per minute 

(LPM) x time (duration for each vapouriser setting) x 10 

 

Summing up of the isoflurane vapour utilised during each 

vapouriser setting provided the total isoflurane vapour utilised 

for that particular procedure. It was then equated to 15 kg 

body weight and 40 minutes duration of anaesthesia for a 

uniform assessment using the formula  

 

(2) Total isoflurane vapour utilised x 15 x 40  

Body weight x duration of anaesthesia 

 

Total isoflurane liquid utilised was then calculated by the 

formula 

 

(3) Isoflurane vapour delivered for 15 kg for 40 min 

201.5 

 

3. Results 

All the dogs under study were of non-descript breed aged 

between one and four years and body weight ranging from 6 

to 20 kg (Table. 1). After the initial clinical and laboratory 

examinations, all the dogs were given the ASA status I. 

Following premedication, there was no significant difference 

in the time taken for sedation to set in and it was 6.17±0.83 in 

Group I and 6.67±0.84 in Group II. The dogs in Group I 

showed better quality of sedation than group II with a median 

score of 1.5 in Group I and score one in Group II. Time taken 

for induction was lower and the quality of induction was 

better in group I dogs as more number of dogs showed good 

to excellent quality of induction even though significant 

differences were not there between groups. Induction time 

was 2.17±0.17 and 3.00±0.45 for Group I and II respectively 

with no significant difference. However, the dose of propofol 

required for induction in Group I dogs, was significantly 

lower than that needed for Group II, 1.0 mg per kg and 

2.5±0.22 mg per kg respectively. Degree of muscle relaxation 

was excellent, jaw tone relaxed and permitted endotracheal 

intubation in all the dogs after induction. No undesirable 

effects were observed in any of the dogs of both the groups 

during induction.  
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Table 1: Details of dogs included in the study 

 

Sl. No. Group Dog no. Breed Age in years Sex Body weight kg ASA class 

1 

G
ro

u
p
 I

 

I1 non-descript 2 F 10.70 I 

2 I2 non-descript 1 F 15.30 I 

3 I3 non-descript 1.5 F 7.00 I 

4 I4 non-descript 1.5 F 10.0 I 

5 I5 non-descript 1.5 F 6.20 I 

6 I6 non-descript 1 F 11.80 I 

 

7 

G
ro

u
p
 I

I 

 

II1 non-descript 1.5 F 13.00 I 

8 II2 non-descript 2 F 13.75 I 

9 II3 non-descript 3 F 16.30 I 

10 II4 non-descript 1 F 9.60 I 

11 II5 non-descript 1 F 10.60 I 

12 II6 non-descript 1 F 12.20 I 

 

The rate of respiration was within the normal limits during 

general anaesthesia and did not differ significantly between 

groups although the rates were higher in group II dogs. It was 

23±5.25 and 29.17±9.51 in Group I and Group II respectively. 

The heart rate also followed similar pattern, within the normal 

physiological limits and there were no statistically significant 

differences. It was 81±10.41 and 110.5±9.13 in Group I and II 

respectively. There was no significant difference between 

groups though the values shown by dogs in Group II were 

higher. The colour of visible mucous membrane was pale 

roseate and capillary refill time remained less than two 

seconds for all the dogs throughout the period of study. 

Temperature showed no significant difference between the 

groups and it was 37.83±0.16 and 37.42±0.33 respectively for 

Group I and II during the anaesthetic procedure. The 

peripheral saturation of oxygen remained stable and within 

the normal limits throughout the anaesthetic procedure and it 

was 98±0.93 and 98±0.77 for Group I and II without any 

significant difference between groups. Perfusion index values 

were within the normal range and though Group I dogs 

showed higher values at all periods of observation, there was 

no significant difference between the two groups. It was 

1.00±0.40 and 0.53±0.09 for Group I and II respectively. 

EtCO2 values were lower than normal during anaesthesia in 

Group II. It was 35.17±2.21 and 33.67±2.33 in Group I and II 

respectively. There was no significant difference between the 

two groups.  

Nociception as indicated by sudden increase in heart rate and 

respiratory rate associated with pulling of suspensory 

ligament was observed in four dogs of group II and one dog in 

Group I. Three dogs of Group II showed signs of peripheral 

and central sensitization of pain in the form of hyperesthesia 

and allodynia, during the postoperative period.  

Haematological and serum biochemical parameters remained 

within the normal physiological limits in both the groups 

throughout the period of study.  

Total duration of anaesthesia was 49.17±7.63 and 37.5±3.88 

in group I and II respectively. The volume of isoflurane liquid 

used to maintain anaesthesia was 2.55±0.33 and 5.06±0.78 

respectively in Group I and II (figure 1). It was significantly 

lower in group I when compared to group II p < 0.05 The 

mean value of mean arterial blood pressure (MAP) exhibited 

by the dogs under study during anaesthesia was 84.17±5.29 

and 95.50±13.04 in Group I and II respectively. There was no 

significant difference and the values were within the normal 

range. 

The post operative pain score assessed after one hour, using a 

modified Glasgow Composite measure Pain Scale- short form 

was significantly lower for Group I dogs when compared to 

Group II (figure 2) 

 

 
 

Fig 1: Volume of isoflurane liqiuid (mL) consumed by the dogs in group I and II 
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Fig 2: Pain score exhibited at one hour post - surgery. 

 

4. Discussion 

The study was aimed at evaluating the effectiveness of a 

multimodal analgesic protocol in controlling the nociception 

and postoperative pain, at the same time reducing the 

requirement of drugs used for induction and maintenance of 

anaesthesia. Multimodal analgesia includes different classes 

of drugs which act at various levels of the pain pathway, 

blocking the transmission of nociceptive signals. The pre-

anaesthetic evaluation consisting of clinical examination, 

laboratory evaluation including haemato-biochemical 

evaluation, revealed the health status, and ASA class of the 

patient. The dogs included in the present study were under 

class I were selected for study as those included in class ≥III 

were associated with increased risk of anaesthesia related 

death (Bille et al., 2012) [2].  

The preanaesthetic preparation included withdrawal of food 

for twelve hours and water for four hours prior to anaesthesia. 

Most of the researchers performing anaesthesia related 

research in dogs prefer withdrawal of food but not water 

(Lozano et al., 2009) [12] or withdrawal of water for a limited 

period of two hours (Farokhzad et al., 2021) [7]. Gatson et al. 

(2016) [8] in their study had given access to water until 

premedication. They also opined that subclinical dehydration 

due to water deprival when combined with the hypotensive 

effect of anaesthetics may result in clinically evident 

hypotension.  

The multimodal analgesia protocol with multiple classes of 

analgesics including an opioid, a non-steroidal anti-

inflammatory drug, alpha 2 agonist, NMDA antagonist, 

intravenous preparation of lignocaine and a gabapentinoid 

(α2δ ligand) along with induction and maintenance drugs was 

proved to be better in multiple ways than the balanced 

anaesthesia protocol which included only a single analgesic 

drug along with premedication, induction and maintenance 

agents. It provided better quality of sedation, induction, 

reduced the dose of propofol required for induction of 

anaesthesia and isoflurane liquid utilised for maintenance of 

anaesthesia. Multimodal analgesia reduced autonomic 

response to the surgical stimuli, thereby improved the 

cardiopulmonary function. It also brought about early and 

smooth recovery from anaesthesia (Lemke and Creighton, 

2010) [11]. Studies have proved that postoperative pain is a 

combination of nociceptive, inflammatory, neurogenic and 

visceral components so must be managed through multimodal 

analgesic techniques (Crociolli et al., 2015) [6]. Hence a 

combination of drugs that manage neuropathic, somatic and 

visceral pain, have anti-inflammatory action which act at 

different levels of the pain pathway were used in this study. 

Induction of anaesthesia was assessed by muscle relaxation 

indicated by absence of jaw tone, absence of palpebral reflex 

and ease of endotracheal intubation (Ahmad et al., 2013) [1]. 

Muscle relaxation and ease of endotracheal intubation was 

excellent in all the animals once they were induced except 

two dogs in group II. Preoxygenation for 2-3 minutes was 

recommended prior to induction which provided more time 

before haemoglobin desaturated in the face of an emergency 

(Niggemann et al., 2019) [13]. In the present study 

preoxygenation was provided after induction, before starting 

maintenance of anaesthesia with isoflurane which was found 

to be adequate in maintaining the peripheral saturation of 

oxygen within normal limits. The MAP values were within 

the normal range in both the groups and hypotension was not 

evident. Bustamante et al. (2018) [4] in their study found that 

isoflurane maintenance resulted in reduced MAP values when 

compared to propofol maintenance and managed hypotension 

(MAP< 60 mm Hg) by decreasing the concentration of 

isoflurane or rate of propofol infusion and administered 

atropine if concurrent bradycardia was also evident. Cattai et 

al. (2018) [5] had observed a fall in BP during induction of 

anaesthesia with propofol and it was attributed to decrease in 

sympathetic response and systemic vascular resistance caused 

by propofol. In the present study, even though multiple drugs 

were used, hypotension was not evident.  

All the parameters for anaesthetic monitoring including the 

rate of respiration, heart rate, CRT, colour of visible mucous 

membrane, SpO2, ETCO2, perfusion index and rectal 

temperature, all were within the normal range and did not 

show any significant difference between groups. The 

undesirable changes observed during monitoring of 

anaesthesia were 2° heart block in one dog each of Group I 

and II. Uilenreef et al. (2008) [15] also monitored a lead II 

ECG and reported sinus arrhythmia in all the dogs, and 

second-degree heart block with higher doses of 

dexmedetomidine CRI. Slingsby et al. (2011) [14] also reported 

second degree AV block which got corrected without any 

intervention. 

 

5. Conclusion 

Multimodal anesthesia protocol can indeed reduce the 

requirement of isoflurane, which could potentially lead to cost 

savings and minimize the side effects associated with higher 

doses of inhalation anesthetics. A lower dose of propofol for 

induction is generally desirable as it would decrease the risk 

of adverse events associated with propofol administration, 

such as hypotension or respiratory depression. Multimodal 

anesthesia protocol can effectively control both peripheral and 

central sensitization of pain, it could indeed lead to reduced 

postoperative pain without causing any adverse systemic 

effects. This is beneficial for patient recovery and satisfaction 

and has the potential to improve various aspects of anesthesia 

and postoperative care.   
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