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Presently, there is no ideal analgesic protocol which is free of side effects to counteract 

central sensitisation and abolish pain in postoperative period. Opioids being frontline 

drugs for postoperative pain management possess clinically significant side effects such 

as respiratory depression, vomiting, bradycardia and vasodilation. Recent findings 

point towards preemptive multimodal analgesia as the way forward. Ketamine and 

lignocaine are two potential drugs to be incorporated to an opioid-based protocol, 

however, research related to their analgesic effects in dogs is limited. This study 

evaluated the analgesic effects of systemic ketamine and lignocaine for postoperative 

analgesia in dogs. Treatments were administered in a cross over design with one week 

wash-out period. Analysis was performed using SAS software package. Data were 

compared across treatments and time measurement using repeated- measures ANOVA 

model and paired T test where two treatments were compared. Non parametric tests 

were used when data were not normally distributed. In experiment one of this study, 

effects of ketamine and lignocaine on electroencephalography (EEG) with electric 

noxious stimulus under minimal anaesthesia model were studied. Ketamine at 3 mg/kg 

intravenous (IV), loading dose (LD) and constant rate infusion (CRI) of 10 and 50 

µg/kg/min, and lignocaine at 2 mg/kg followed by 50 and 100 µg/kg/min significantly 

depressed the median frequency (MF) of EEG, an indicator of nociception. 

Corresponding serum concentrations at the points of testing that depressed MF were 

between 1898.41 ± 110.04 and 2100.59 ± 425.48 ng/ml for lignocaine and between 

248.71 ± 75 and 641.35 ± 197 ng/ml for ketamine. In experiment two, an algometer 

was modified, validated and subsequently used to determine mechanical nociceptive 

thresholds in conscious dogs. In experiment three, ketamine alone at 0.5 mg/kg LD 

followed by CRI of 30 µg/kg/min  and 50 µg/kg/min, and ketamine at 30 µg/kg/min 

with lignocaine at 2 mg/kg LD followed by 100 µg/kg/min significantly increased the 

mechanical thresholds during the periods of infusion. Corresponding serum 

concentrations of ketamine were found to be above 100 ng/ml. Thresholds returned to 

baseline within 20 minutes following cessation of infusion and serum concentrations 

were below 100 ng/ml. In experiment four, ketamine and lignocaine in addition to 

tramadol at 4 mg/kg premedication was evaluated for preemptive multimodal analgesia 

in dogs undergoing ovariohysterectomy. Results showed that the combination of 

ketamine-lidocaine-tramadol obtunded intra-operative sympathetic responses better 

than tramadol alone. The combination also attenuated primary hyperalgesia better than 
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tramadol in the immediate 8 hours post-surgery, and tended to reduce secondary 

hyperalgesia during the 72-hour postoperative study period. In conclusion, systemic 

ketamine and lignocaine possess analgesic effects. Ketamine at serum concentrations of 

> 100 ng/ml provided analgesia. Ketamine at 0.5 mg/kg LD followed by CRI at 30 or 

50 µg/kg/min combined with lignocaine at 2 mg/kg LD followed by 100 µg/kg/min, is 

safe for preemptive multimodal analgesia in dogs under anaesthesia. Preemptive 

infusions of ketamine and lignocaine in addition to tramadol augmented analgesia, 

likely, by attenuating intra-operative nociceptive inputs and reducing central 

sensitisation. 
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Pada masa ini, tiada protokol analgesik yang bebas daripada kesan sampingan untuk 

mengatasi pemekaan sistem saraf pusat dan menghapuskan kesakitan selepas 

pembedahan. Oleh itu, ubat yang berpotensi dan sedia ada perlu dicuba dalam kaedah 

analgesia dahuluan berbilang mod untuk mencari protokol yang paling sesuai dan 

dengan kesan sampingan yang minima. Penemuan baru-baru ini menghala ke arah 

analgesia dahuluan berbilang mod. Ketamine dan lignocaine adalah dua ubat yang 

berpotensi untuk dimasukkan ke dalam protokol berasaskan opioid, namun kajian 

kesan analgesik ketamine dan lignocaine pada anjing adalah terhad. Tesis ini bertujuan 

untuk menilai keberkesanan analgesik ketamine dan lignocaine sistemik untuk 

analgesia selepas pembedahan pada anjing. Dalam bab ketiga tesis, kesan ketamine dan 

lignocaine pada elektroensefalografi (EEG) dengan penggunaan rangsangan noksius 

elektrik di bawah model anestesia minima telah dikaji. Ketamine pada dose muatan 

(LD) 3 mg/kg IV, dan infusi kadar malar (CRI) 10 dan 50 μg/kg/min, serta lignocaine 

pada 2 mg/kg diikuti  50 dan 100 μg/kg/min didapati menekan kekerapan median (MF) 

EEG, iaitu satu daripada penunjuk kesakitan. Kepekatan serum semasa MF tertekan 

adalah di antara 1898.41 ± 110.04 hingga 2100.59 ± 425.48 ng/ml untuk lignocaine, 

dan 248.71 ± 75 hingga 641.35 ± 197 ng/ml untuk ketamine. Dalam bab keempat and 

kelima, satu algometer telah diubahsuai, disahkan dan kemudiannya digunakan untuk 

menentukan nilai ambang nosiseptif mekanikal pada anjing sedar. Ketamine pada 0.5 

mg/kg LD diikuti CRI 30 μg/kg/min dan 50 μg/kg/min, serta ketamine pada 50 

μg/kg/min dengan tambahan lignocaine 2 mg/kg LD diikuti 100 μg/kg/min, didapati 

meningkatkan nilai ambang mekanikal dengan ketara semasa tempoh infusi. Kepekatan 

serum ketamine didapati melebihi 100 ng/ml. Nilai ambang mekanika kembali ke aras 

awal dalam tempoh 20 minit selepas infusi diberhentikan dan kepekatan serum adalah 

di bawah 100 ng/ml. Dalam bab keenam, ketamine dan lignocaine sebagai tambahan 

kepada premedikasi dengan tramadol 4 mg/kg, dinilai untuk analgesia dahuluan 

berbilang mod pada anjing yang menjalani ovari-histerektomi. Keputusan 

menunjukkan yang gabungan ketamine-lignocaine-tramadol menyekat respons 

simpatetik lebih baik daripada penggunaan tramadol sahaja. Gabungan tersebut 

mengurangkan hiperalgesia primer lebih baik daripada tramadol dalam tempoh 8 jam 

selepas pembedahan, dan cenderung untuk mengurangkan hiperalgesia sekunder 

sepanjang tempoh 72 jam pascabedah. Kesimpulannya, ketamine dan lignocaine 
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sistemik mempunyai kesan-kesan analgesik. Ketamine pada kepekatan serum > 100 

ng/ml memberikan kesan analgesia. Ketamine pada 0.5 mg/kg LD diikuti CRI pada 30 

atau 50 μg/kg/min, dan digabungkan dengan lignocaine pada 2 mg/kg LD diikuti 100 

μg/kg/min, adalah selamat untuk analgesia dahuluan berbilang mod pada anjing yang 

dibius. Infusi dahuluan ketamine dan lignocaine yang ditambah kepada tramadol 

meningkatkan kesan analgesia, mungkin melalui pengurangan input nosiseptif dan 

pemekaan pusat. 
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CHAPTER ONE 

 

 

INTRODUCTION 

 

 

Pain is a highly complex phenomenon. According to International Association for the 

Study of Pain (IASP), pain is defined as “an unpleasant sensory and emotional experience 

associated with actual or potential tissue damage, or described in terms of such damage” 

(Merskey, 1986). Human ability to communicate verbally and physically helps in 

identifying pain. Since animals are devoid of verbal communication, the task of pain 

identification is more difficult compared to humans.  However, in animals, pain is 

manifested as a behavioral reaction to an aversive sensory experience associated with 

actual or potential tissue damage (Cambridge et al., 2000). Dogs and cats have similar, 

if not identical neurotransmitters and neural pathways to those of humans, and likely 

perceive pain in a similar way (Hellyer et al., 2007). 

 

 

Nociception refers to the process through which noxious stimuli are detected and 

converted to nerve impulses, conveyed to supraspinal structures through spinal cord 

where they are further processed and appreciated as pain (IASP Subcommittee on 

Taxonomy, 1979). The process of nociception takes place in four steps, transduction, 

transmission, perception and modulation.  Transduction is the encoding of noxious 

stimulus into nociceptive stimulus caused by tissue damage. Transportation of signals 

from the periphery to the brain is called ‘transmission’. Modulation involves the 

mechanisms of inhibition and excitation along the pathways. Perception is the last step 

in the process of nociception, which is the sensation of pain (Loveridge and Patel, 2014). 

 

 

Clinically, pain can be divided into acute and chronic. Acute pain results from an injury 

and ends with wound healing (Gayner & Muir, 2002). Chronic pain persists beyond the 

course of acute pain or wound healing (Bonica et al., 1993). Surgical pain is one of the 

most common and typical form of acute pain. Surgery results in a complex cascade of 

events in the neuroendocrine system, resulting in the release of stress factors, as well as 

generating the process of nociception along the neural pathways. These changes results 

in alteration in the function of the nervous system towards various environmental stimuli. 

This modification in the function takes place centrally (central sensitisation) as well as 

in the periphery (peripheral sensitisation) (Coderre et al., 1993). This sensitisation leads 

to allodynia, a condition where innocuous stimulus is perceived as noxious causing pain, 

and hyperalgesia, an exaggerated response to a noxious stimulus (Klede et al., 2003). All 

of these events may contribute to chronic pain if not managed properly.  

 

 

Preemptive analgesia has been defined as “an antinociceptive treatment that prevents the 

establishment of altered function of the nervous system from injuries” (Kelly et al., 

2001a). Practically preemptive analgesia is the injection of analgesic agent before the 

start of surgical stimulus with the aim of preventing or reducing subsequent pain.  

 

Multimodal analgesia (Kehlet & Dahl, 1993) is a technique in which analgesics with 

various modes of action such as non-opioid and opioid are mixed with the aim of acting 

on different pathways and neurotransmitters involved in nociception and hyperalgesia. 
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Tramadol is a centrally acting synthetic analgesic, which has synergistic opioid and non-

opioid modes of action (Raffa et al., 1992). Tramadol has insignificant side effects 

compared to that of other opioids. Lignocaine and ketamine are commonly used as local 

and general anaesthetics, respectively. Lignocaine and ketamine use for postoperative 

analgesia may prevent the development of central sensitisation (Muir & Woolf, 2001) 

during surgical intervention, which augments pain and discomfort in the postoperative 

period. Lignocaine and ketamine have been reported to supplement general anaesthesia 

(Muir et al., 2003) reducing the amount of inhalant anaesthetics required during 

anaesthesia, improving cardio respiratory function, and thereby provide safe general 

anaesthesia, better postoperative comfort, and quicker recovery. The combination of 

lignocaine and ketamine as a non-opioid adjunct enhances efficacy, potential for drug 

synergism, decreases drug-related side effects (Woolf & Salter, 2000) and reduces opioid 

requirement and their side effects in postoperative period (Kehlet & Dahl, 1993).  

 

 

Problem statement 

 

 

Though opioids, such as morphine and fentanyl are the front-line analgesics in small 

animal practice, their perioperative use is often associated with clinically significant side 

effects, such as respiratory depression (Pattinson, 2008), vomiting (Kukanich et al., 

2005), bradycardia and vasodilation (Iizuka et al., 2013) . Presently, there is no any ideal 

protocol for postoperative analgesia, which is free of side effects. Therefore, it is 

necessary that the available potential drugs should be tested by the preemptive 

multimodal analgesia method in order to find the most suitable protocol with least side 

effects. Mechanism of action of systemic lignocaine and ketamine reveals that these are 

two potential drugs which can be used for preemptive multimodal analgesia in dogs. 

However, there is a need to objectively assess the analgesic efficacy of ketamine and 

lignocaine alone, followed by their combination with opioids to evaluate their effects on 

postoperative analgesia and central sensitisation. Therefore, this thesis aims to: 

1) Determine the antinociceptive actions of systemic lignocaine and ketamine 

using electroencephalograph (EEG) in dogs under minimal anaesthesia model.  

2) Modify and validate an algometry technique on conscious dogs.  

3) Correlate analgesic serum levels of ketamine administered alone and in 

combination with lignocaine, with their effects on mechanical thresholds in 

conscious dogs.  

4)  Evaluate the effects of ketamine and lignocaine for preemptive multimodal 

analgesia with tramadol on postoperative pain and central sensitisation. 

 

It is hypothesised that:  

 

1. Systemic ketamine and lignocaine will affect parameters of EEG related to 

nociception in dogs under minimal anaesthesia model. 

2. Modified algometry technique on conscious dogs would increase mechanical 

thresholds compared to baseline, if the drug has an analgesic effect 

3.  Mechanical thresholds on conscious dogs are correlated with serum 

concentrations of ketamine. 

4. Combination of ketamine, lignocaine and tramadol would prevent development 

of central sensitisation and result in better analgesia compared to tramadol alone 

in the post operative period. 
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APPENDICES 

Appendix A:        Electroencephalographic spectrum of minimally anaesthetized dog 
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Appendix B:    Electroencephalographic spectrum before and after stimulus 
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Appendix C: Short Form of the Glasgow Composite Pain Scale 
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Appendix D: Mid Ventral abdominal incision for OHE 
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Appendix E:  Calibration Curve For Keatmine 
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Appendix F:  Calibration Curve For Lignocaine 
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Appendix G:  Institutional Animal Care and Use Committee Approval 
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