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Introduction
Chronic Musculoskeletal (MSK) related pain such as Osteoarthritis (OA) or Inter Vertebral 

Disk Disease (IVDD) are originally caused by a localized inflammatory process (following a trauma 
or not) leading over time to reversible plasticity at the level of the CNS in a process called Central 
Sensitization (CS) [1]. As those diseases progress, somatosensory remodeling including nerve losses 
and neo-innervation in the cartilage and synovial lining for OA, and the inter vertebral disk for 
IVDD will lead towards peripheral Neuropathic Pain (NP) [2-4]. In addition, in the case of IVDD, 
disk herniation may compress Dorsal Root Ganglion (DRG), nerve root or spinal cord, leading 
also to NP [4]. Neuropathic pain is defined as pain resulting from a lesion or disease involving 
the somatosensory nervous system [5]. In human medicine, NP is often refractory to treatments, 
reduces quality of life, and impairs sleep and, causes anxiety and depression. It serves no purpose. 
Peripheral NP is a complex process characterized by at least 3 main events:

•	 Afferent nerve trauma leading to: Hypersensitivity and ectopic foci through an increased 
number of voltage-gated sodium channels (i.e. Nav 1.7, Nav 1.8 and Nav1.9); modulation of voltage-
gated Ca channels (α2δ subunits); or even neuronal demyelination; nerve sprouting (Aβ in lamina 
2); electric (ephatic) and chemical cross talk through disruption of the glial sheath.

•	 Central sensitization involving, among others, NMDA receptors, NK1 receptors.

•	 Reduced activity of the descending inhibitory (serotoninergic, adrenergic and 
dopaminergic) and the endogenous endorphin systems.

More information about the NP process may be found elsewhere in the literature [6]. As OA 
or IVDD are mostly inflammatory in origin, the first and most commonly used pharmacological 
intervention will be based on the Non-Steroidal Anti-Inflammatories (NSAID’s). As time passes, 
through CS and the apparition of (peripheral) NP, those agents won’t be as effective anymore and 
the search for an adjuvant will start.

Some Adjuvants
Amongst those adjuvants, the following ones have been shown to be effective in the management 

of NP in human: TCA’s (amitriptyline), anticonvulsants (gabapentin), NMDA antagonists 
(amantadine), SNRI (duloxetine) and opioids (tramadol) [7,8].

Tricyclic antidepressants (TCA)
Amitriptyline is the most commonly used TCA in humans for the treatment of NP. Its analgesic 
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effect is provided at the level of the spinal dorsal synapses through the 
inhibition of serotonin and norepinephrine reuptake, the antagonism 
of voltage-gated sodium channels and the antagonism of NMDA 
receptors [5]. There are no studies in dogs or in cats looking at the 
efficacy of amitriptyline for the treatment of NP. There is one report 
of 3 dogs with NP and the use of amitriptyline for its management [9]. 
Although 2 dogs got better, the mixed results and the low number of 
animals does not allow for any meaningful conclusion.

Gabapentin
It is an Amino Butyric Acid (GABA) analogue antiepileptic agent, 

but has, so far, shown no effect on those GABA receptors. It seems 
to work on the α2δ subunit inhibiting neurotransmitter release by 
modulation of presynaptic voltage-gated calcium channels at the 
spinal and supra-spinal level [5,6]. It may also cause voltage-gated 
sodium channel blockade [10]. In both dogs and cats, there is a lack of 
studies looking at the efficacy of gabapentin in treating NP. In the cat, 
there is a recent study looking at the effect of gabapentin in 6 OA cats 
compared to 4 non-OA cats. The authors found a difference in night 
time activity (accelerometer) and paw withdrawal threshold (von 
Frey Hair) [11]. Some reports on the clinical use of gabapentin exist 
also in that species. In 2013, Lorenz reported the successful use of 
gabapentin as the sole analgesic agent in 3 cats suffering from MSK-
associated pain (6.5 mg/kg, BID up to 12 months) [12]. More recently, 
in 2018, cats, suffering from feline hyperesthesia syndrome with self-
trauma to the tail, were treated with gabapentin either alone (n=2) 
or mixed (n=3) and showed remission [13]. In dogs suffering from 
NP associated with Chiari-like malformation and syringomyelia, 
gabapentin 11 mg/kg three times daily improves quality of life 
by comparison with carprofen (NSAID) but did not show any 
improvement compared to another antiepileptic, topiramate [14]. 
Although there is little to no evidence in its efficacy in treating NP, 
its clinical use seems to be common in the dog. While no effect was 
shown in reports on forelimb amputation or hemilaminectomy, 
some sparing effect on opioids use were reported in a mastectomy 
report [15-17]. Pharmacokinetic (PK) studies highlight the fact that 
a possible cause for the reported lack of efficacy could be related to a 
low dose and low frequency of administration (10 mg/kg BID vs. 10 
to 20 mg/kg, TID) [18].

Amantadine
It is a NMDA antagonist. There are, so far, no studies in cats 

about its efficacy to treat NP. A study in dogs with OA reported some 
increase in physical activity when administered concomitantly with 
an anti-inflammatory agent, meloxicam [19].

Tramadol
Tramadol has a dual mechanism of action: Weak µ opioids and 

inhibition of serotonin and nor epinephrine reuptake. While the 
parent drug inhibits both serotonin and nor epinephrine reuptake, 
one of its metabolites (M1) provides most of the µ opioids-like 
effect. By opposition to cats, dogs produce very little or none of the 
metabolite M1 [10]. Tramadol is a very commonly used agent in 
the veterinary clinical setting although very little information exists 
about its efficacy in regard to NP in both dogs and cats. It success 
might be related to its low price and lack of administrative burden 
related to its use. There are 2 studies in dogs with OA. In the first 
one, tramadol 4 mg/kg 3 times a day was reported to be as good as 
carprofen 2.2 mg/kg daily using CPBI (owner based chronic pain 
questionnaire) and accelerometer force plate analysis [20]. In a more 
recent study, with random allocation to the groups, cross over design 

(10 day on 7 days off for washout), positive (carprofen) and negative 
(placebo) control, found no effect from Tramadol 5 mg/kg TID, 
in dogs with OA using peak vertical force and CPBI [21]. The dog 
under carprofen did improve. The lack of efficacy from tramadol is 
not surprising in that species when we look at its pharmacokinetic 
profile: 1) it has a very short half-life (1.1 h); 2) dogs do not produce 
M1; 3) tramadol absorption decrease up to 70% with repeated 
administration (over one week) [22,23]. Only one study looks at the 
use of tramadol as the sole agent in cats with naturally occurring OA 
[24]. Fifteen (15) cats with OA went through a randomized cross over 
placebo design where tramadol (3 mg/kg twice daily) or a placebo 
was given for 19 days followed by a 3-month washout period and 
another 19 days of treatment. Night mobility (accelerometer) and 
nociceptive hypersensitivity (response to mechanical summation) 
were significantly improved with tramadol. In another placebo-
controlled study in OA cats where tramadol in association with 
meloxicam oral spray was compared with tramadol oral spray alone, 
no advantage of the combination was shown using accelerometer and 
peak vertical force analyses. Interestingly, there was an improvement 
with hypersensitivity [25]. From those last 2 studies in cat, we can 
speculate that tramadol, alone and in combination with meloxicam, 
by decreasing hypersensitization, may reduce CS, the basis of early 
neuroplastic changes in the central nervous system. Therefore, 
Tramadol might effectively be a very useful drug to treat NP in that 
species [26,27].

Conclusion
It is currently difficult to make an evidence-based 

recommendation about which drugs should be used and in what 
order. There is an urgent need for well-designed studies looking at 
the use of adjuvants in dogs and cats suffering from NP. Those 
studies will need to be at least randomized, placebo controlled, and, 
if possible, with a positive control. One of the challenges researchers 
will meet is the difficulty associated with the confirmation of the 
presence of NP and the identification of the underlying disease. In 
addition to good history and physical examination, objective tests 
including Quantitative Sensory Testing (QST) will be necessary. 
Quantitative sensory testing allows for identification of neuropathic 
component of the disease as well as for the assessment of the 
response to treatment. The sensory threshold of the QST is expected 
to be decreased with disease causing NP (hypersensitivity). 
Electronic von Frey anesthesiometer or pressure algometer have 
been developed for use in (client owned) dogs and cats. Another 
important factor will be for the researchers to make sure to use an 
effective drug dosage associated with an effective frequency of 
administration derived from PK studies. In clinical terms, the 
treatment of patient with NP will have to be polymodal involving 
different disciplines (i.e. physio, acupuncture). Contrarily to what 
some may think, similarly to human medicine, the pharmacological 
aspect of the NP treatment will consist more in a “combo” type 
therapy where the NSAID and an adjuvant (or 2) will be used 
concomitantly.
References
1. Watson JC, Sandroni P. Central neuropathic pain syndromes. Mayo Clin 

Proc. 2016;91(3):372-85.

2. Thakur M, Dickenson AH, Baron R. Osteoarthritis pain: Nociceptive or 
neuropathic? Nat Rev Rheumatol. 2014;10(6):374-80.

3. Dimitroulas T, Duarte RV, Behura A, Kitas GD, Raphael JH. Neuropathic 
pain in osteoarthritis: A review of pathophysiological mechanisms and 
implications for treatment. Semin Arthritis Rheum. 2014;44(2):145-54.

https://pubmed.ncbi.nlm.nih.gov/26944242/
https://pubmed.ncbi.nlm.nih.gov/26944242/
https://pubmed.ncbi.nlm.nih.gov/24686507/
https://pubmed.ncbi.nlm.nih.gov/24686507/
https://pubmed.ncbi.nlm.nih.gov/24928208/
https://pubmed.ncbi.nlm.nih.gov/24928208/
https://pubmed.ncbi.nlm.nih.gov/24928208/


Thierry Beths Annals of Clinical Anesthesia Research

Remedy Publications LLC. 2020 | Volume 4 | Issue 1 | Article 10313

4.	 Krock E, Rosenzweig DH, Chabot-Dore AJ, Jarzem P, Weber MH, 
Ouellet JA, et al. Painful, degenerating intervertebral discs up-regulate 
neurite sprouting and CGRP through nociceptive factors. J Cell Mol Med. 
2014;18(6):1213-25.

5.	 Zilliox LA. Neuropathic Pain. Continuum (Minneap Minn). 
2017;23(2):512-32.

6.	 Mathews KA. Neuropathic pain in dogs and cats: if only they could tell us 
if they hurt. Vet Clin North Am Small Anim Pract. 2008;38(6):1365-414.

7.	 Szczudlik A, Dobrogowski J, Wordliczek J, Stepien A, Krajnik M, Leppert 
W, et al. Diagnosis and management of neuropathic pain: Review of 
literature and recommendations of the Polish Association for the study of 
pain and the Polish Neurological Society - part one. Neurol Neurochir Pol. 
2014;48(4):262-71.

8.	 Blumstein B, Barkley TW. Neuropathic pain management: a reference for 
the clinical nurse. Medsrug Nurs. 2015;24(6):381-9.

9.	 Cashmore RG, Harcourt-Brown TR, Freeman PM, Jeffery ND, Granger N. 
Clinical diagnosis and treatment of suspected neuropathic pain in three 
dogs. Aust Vet J. 2009;87(1):45-50.

10.	Moore SA. Managing neuropathic pain in dogs. Front Vet Sci. 2016;3:12.

11.	Klinck MP, Monteiro BP, Lussier B, Guillot M, Moreau M, Otis C, et 
al. Refinement of the Montreal Instrument for Cat Arthritis Testing, for 
Use by Veterinarians: Detection of naturally occurring osteoarthritis in 
laboratory cats. J Feline Med Surg. 2018;20(8):728-40.

12.	Lorenz ND, Comerford EJ, Iff I. Long-term use of gabapentin for 
musculoskeletal disease and trauma in three cats. J Feline Med Surg. 
2013;15(6):507-12.

13.	Amengual Batle P, Rusbridge C, Nuttall T, Heath S, Marioni-Henry K. 
Feline hyperaesthesia syndrome with self-trauma to the tail: Retrospective 
study of seven cases and proposal for integrated multidisciplinary 
diagnostic approach. J Feline Med Surg. 2019;21(2):178-85.

14.	Plessas IN, Volk HA, Rusbridge C, Vanhaesebrouck AE, Jeffery ND. 
Comparison of gabapentin versus topiramate on clinically affected 
dogs with Chiari-like malformation and syringomyelia. Vet Rec. 
2015;177(11):288.

15.	Wagner AE, Mich PM, Uhrig SR, Hellyer PW. Clinical evaluation of 
perioperative administration of gabapentin as an adjunct for postoperative 
analgesia in dogs undergoing amputation of a forelimb. J Am Vet Med 
Assoc. 2010;236(7):751-6.

16.	Crociolli GC, Cassu RN, Barbero RC, Rocha TL, Gomes DR, Nicacio GM. 

Gabapentin as an adjuvant for postoperative pain management in dogs 
undergoing mastectomy. J Vet Med Sci. 2015;77(8):1011-5.

17.	Aghighi SA, Tipold A, Piechotta M, Lewczuk P, Kastner SB. Assessment 
of the effects of adjunctive gabapentin on postoperative pain after 
intervertebral disc surgery in dogs. Vet Anaesth Analg. 2012;39(6):636-46.

18.	Kukanich B, Cohen RL. Pharmacokinetics of oral gabapentin in greyhound 
dogs. Vet J. 2011;187:133-5.

19.	Lascelles BD, Gaynor JS, Smith ES, Roe SC, Marcellin-Little DJ, Davidson 
G, et al. Amantadine in a multimodal analgesic regimen for alleviation of 
refractory osteoarthritis pain in dogs. J Vet Intern Med. 2008;22:53-9.

20.	Malek S, Sample SJ, Schwartz Z, Nemke B, Jacobson PB, Cozzi EM, et al. 
Effect of analgesic therapy on clinical outcome measures in a randomized 
controlled trial using client-owned dogs with hip osteoarthritis. BMC Vet 
Res. 2012;8:185.

21.	Budsberg SC, Torres BT, Kleine SA, Sandberg GS, Berjeski AK. Lack of 
effectiveness of tramadol hydrochloride for the treatment of pain and joint 
dysfunction in dogs with chronic osteoarthritis. J Am Vet Med Assoc. 
2018;252(4):427-32.

22.	Kukanich B. Outpatient oral analgesics in dogs and cats beyond 
nonsteroidal anti-inflammatory drugs: An evidence-based approach. Vet 
Clin North Am Small Anim Pract. 2013;43(5):1109-25.

23.	Murrell JC. Chronic pain: What are the options when NSAID treatment is 
inadequate? Companion Animal. 2014;19(4):212-7.

24.	Monteiro BP, Klinck MP, Moreau M, Guillot M, Steagall PV, Pelletier 
JP, et al. Analgesic efficacy of tramadol in cats with naturally occurring 
osteoarthritis. PLoS One. 2017;12(4):e0175565.

25.	Monteiro BP, Klinck MP, Moreau M, Guillot M, Steagall PV, Edge DK, 
et al. Analgesic efficacy of an oral transmucosal spray formulation of 
meloxicam alone or in combination with tramadol in cats with naturally 
occurring osteoarthritis. Vet Anaesth Analg. 2016;43(6):643-51.

26.	Tomas A, Marcellin-Little DJ, Roe SC, Motsinger-Reif A, Lascelles BD. 
Relationship between mechanical thresholds and limb use in dogs with 
coxofemoral joint oa-associated pain and the modulating effects of pain 
alleviation from total hip replacement on mechanical thresholds. Vet Surg. 
2014;43(5):542-8.

27.	Nickel FT, Seifert F, Lanz S, Maihofner C. Mechanisms of neuropathic 
pain. Eur Neuropsychopharmacol. 2012;22(2):81-91.

https://pubmed.ncbi.nlm.nih.gov/24650225/
https://pubmed.ncbi.nlm.nih.gov/24650225/
https://pubmed.ncbi.nlm.nih.gov/24650225/
https://pubmed.ncbi.nlm.nih.gov/24650225/
https://pubmed.ncbi.nlm.nih.gov/28375916/
https://pubmed.ncbi.nlm.nih.gov/28375916/
https://pubmed.ncbi.nlm.nih.gov/18954689/
https://pubmed.ncbi.nlm.nih.gov/18954689/
https://pubmed.ncbi.nlm.nih.gov/25168326/
https://pubmed.ncbi.nlm.nih.gov/25168326/
https://pubmed.ncbi.nlm.nih.gov/25168326/
https://pubmed.ncbi.nlm.nih.gov/25168326/
https://pubmed.ncbi.nlm.nih.gov/25168326/
https://pubmed.ncbi.nlm.nih.gov/26863700/
https://pubmed.ncbi.nlm.nih.gov/26863700/
https://pubmed.ncbi.nlm.nih.gov/19178477/
https://pubmed.ncbi.nlm.nih.gov/19178477/
https://pubmed.ncbi.nlm.nih.gov/19178477/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4762016/
https://pubmed.ncbi.nlm.nih.gov/28920533/
https://pubmed.ncbi.nlm.nih.gov/28920533/
https://pubmed.ncbi.nlm.nih.gov/28920533/
https://pubmed.ncbi.nlm.nih.gov/28920533/
https://pubmed.ncbi.nlm.nih.gov/23253881/
https://pubmed.ncbi.nlm.nih.gov/23253881/
https://pubmed.ncbi.nlm.nih.gov/23253881/
https://pubmed.ncbi.nlm.nih.gov/29595359/
https://pubmed.ncbi.nlm.nih.gov/29595359/
https://pubmed.ncbi.nlm.nih.gov/29595359/
https://pubmed.ncbi.nlm.nih.gov/29595359/
https://pubmed.ncbi.nlm.nih.gov/26269418/
https://pubmed.ncbi.nlm.nih.gov/26269418/
https://pubmed.ncbi.nlm.nih.gov/26269418/
https://pubmed.ncbi.nlm.nih.gov/26269418/
https://pubmed.ncbi.nlm.nih.gov/20367041/
https://pubmed.ncbi.nlm.nih.gov/20367041/
https://pubmed.ncbi.nlm.nih.gov/20367041/
https://pubmed.ncbi.nlm.nih.gov/20367041/
https://pubmed.ncbi.nlm.nih.gov/25816802/
https://pubmed.ncbi.nlm.nih.gov/25816802/
https://pubmed.ncbi.nlm.nih.gov/25816802/
https://pubmed.ncbi.nlm.nih.gov/22882632/
https://pubmed.ncbi.nlm.nih.gov/22882632/
https://pubmed.ncbi.nlm.nih.gov/22882632/
https://pubmed.ncbi.nlm.nih.gov/19854080/
https://pubmed.ncbi.nlm.nih.gov/19854080/
https://pubmed.ncbi.nlm.nih.gov/18289289/
https://pubmed.ncbi.nlm.nih.gov/18289289/
https://pubmed.ncbi.nlm.nih.gov/18289289/
https://pubmed.ncbi.nlm.nih.gov/23035739/
https://pubmed.ncbi.nlm.nih.gov/23035739/
https://pubmed.ncbi.nlm.nih.gov/23035739/
https://pubmed.ncbi.nlm.nih.gov/23035739/
https://pubmed.ncbi.nlm.nih.gov/29393744/
https://pubmed.ncbi.nlm.nih.gov/29393744/
https://pubmed.ncbi.nlm.nih.gov/29393744/
https://pubmed.ncbi.nlm.nih.gov/29393744/
https://pubmed.ncbi.nlm.nih.gov/23890242/
https://pubmed.ncbi.nlm.nih.gov/23890242/
https://pubmed.ncbi.nlm.nih.gov/23890242/
https://www.researchgate.net/publication/272555160_Chronic_pain_what_are_the_options_when_NSAID_treatment_is_inadequate
https://www.researchgate.net/publication/272555160_Chronic_pain_what_are_the_options_when_NSAID_treatment_is_inadequate
https://pubmed.ncbi.nlm.nih.gov/28403198/
https://pubmed.ncbi.nlm.nih.gov/28403198/
https://pubmed.ncbi.nlm.nih.gov/28403198/
https://pubmed.ncbi.nlm.nih.gov/26913836/
https://pubmed.ncbi.nlm.nih.gov/26913836/
https://pubmed.ncbi.nlm.nih.gov/26913836/
https://pubmed.ncbi.nlm.nih.gov/26913836/
https://pubmed.ncbi.nlm.nih.gov/24512340/
https://pubmed.ncbi.nlm.nih.gov/24512340/
https://pubmed.ncbi.nlm.nih.gov/24512340/
https://pubmed.ncbi.nlm.nih.gov/24512340/
https://pubmed.ncbi.nlm.nih.gov/24512340/
https://www.sciencedirect.com/science/article/abs/pii/S0924977X11001040
https://www.sciencedirect.com/science/article/abs/pii/S0924977X11001040

	Title
	Abstract
	Introduction
	Some Adjuvants
	Tricyclic antidepressants (TCA)
	Gabapentin
	Amantadine
	Tramadol

	Conclusion
	References



