CLINICAL REVIEW

Acute and chronic
ain in dogs and cats

Pain is a common condition of dogs and cats that is managed by veterinary surgeons with variable
degrees of success. The complex pathophysiology of different types of pain is a significant reason

why they can be challenging to manage. It is important to consider the goals and outcomes of any
intervention(s) for both acute and chronic pain, but the cornerstone of the management of both is
regular objective assessment with a validated scoring system. The feasibility of any interventions should
also be considered with both the owner and animal in mind. Consideration of relevant legislation must
be made when prescribing pharmacological therapies. Effectively managing acute pain may reduce the
incidence of chronic pain in dogs and cats.
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ome pain in animals can be straightforward to recognise

and classic behaviours are displayed, such as aversion to

touch and vocalisation (Reid et al, 2007). Other types of

pain are significantly more challenging to recognise and
may only produce behavioural signs such as lethargy or restlessness.
Owing to a lack of verbal communication with animals, successful
management of their pain depends on our ability to recognise it.
This article provides an overview of the pathophysiology of the dif-
ferent types of pain, with a focus on the development and manage-
ment of chronic pain.

States of pain

Pain is an emotive and sensory experience secondary to nocicep-
tive or potentially nociceptive stimuli. It can be categorised as acute
pain, lasting less than 12 weeks, or chronic pain which exceeds 12
weeks duration, as defined by The British Pain Society (2023) and
the International Association for the Study of Pain Classification
of Chronic Pain for the International Classification of Diseases 11
Coding (Treede et al, 2019). The transition from acute to chron-
ic pain involves many complex changes (Voscopoulos and Lema,
2010) and there is little evidence in animals that strict timescales
are observed. Furthermore, since animals are unable to ‘self-report’
it becomes more difficult to detect a point of transition to chronic
pain, especially where pain is ‘waxing and waning’ in nature. There-
fore, a more helpful definition may be that chronic pain persists
beyond the expected time of healing, and may or may not be associ-
ated with an identifiable cause or actual tissue damage (Reid et al,
2015). This ‘persisting pain’ features in osteoarthritis and neoplasia,
where there are ongoing features of both acute and chronic pain
(Gwilym et al, 2008; Reddi, 2015).

Nociception describes a sensory signalling pathway which facilitates
aversive responses to nociceptive stimuli that may damage an organ-
ism. Receptors for these stimuli are known as nociceptors, and can
be activated by by thermal, mechanical, or chemical stimuli (Tracey,
2017). Alongside the efferent aversive pathway, nociceptive neurons
are also able to trigger inflammatory pathways within the proxim-
ity of the stimulus and generate areas of neuroinflammation distant
from the initial noxious stimulus (Tracey, 2017). Prolonged pro-
inflammatory states can result in nociceptor sensitisation, whereby
they are activated by non-noxious stimuli such as light touch (known
as allodynia) and/or activated to a greater extent by noxious stimuli
(hyperalgesia) (Tracey, 2017). Sensitisation can also occur within the
spinal cord and brain (central sensitisation), whereby descending fa-
cilitatory pathways promote afferent nociceptive signal transmission
and descending inhibitory control may become deficient. This is an
example of neuronal plasticity and is fundamental for the transition
of acute pain to chronic pain. Neurokinin-1 and serotonergic signal-
ling (McCleane et al, 2003; Takeda et al, 2012) may play important
roles in central sensitisation, along with an array of other chemical
mediators. It is the more persistent changes within the nociceptive
pathway that may be responsible for the development of chronic pain
after acute pain is experienced (Voscopoulos and Lema, 2010).

Neuropathic pain is distinct from nociceptive pain as it is
caused by an insult or pathology specifically within the nervous
system (The British Pain Society, 2023). Chronic neuropathic pain
occurs via changes in expression of voltage-gated sodium channels
and both peripheral and central inflammatory signalling (Vosco-
poulous and Lema, 2010; Galvin and McCrory, 2021). It can be
challenging to manage because the pathophysiology is distinct
from that in other pain states.
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Nociplastic pain is a relatively new term used to describe chronic
pain when nociception is altered; there is no risk or actual tissue
damage and there is no pathological change within the nervous
system (Kosek et al. 2016). Nociplastic pain is a product of dys-
functional nociceptive signalling pathways and involves central and
peripheral sensitisation, thus allodynia and hyperalgesia are com-
monly present (Fitzcharles et al, 2021).

During the development and continuation of chronic pain, it is
likely that nociceptive, nociplastic and neuropathic pain states oc-
cur in combination (Fitzcharles et al, 2021). This is illustrated in
Figure 1. This promotes the concept of chronic pain as a ‘syndrome’
with poorly established mechanisms and a variety of clinical signs.

Goals for pain management

Currently, the single most effective step in managing chronic pain
is to prevent its occurrence (Dahl and Kehlet, 2011). This is best
achieved by aggressive management of acute pain, a strategy known
as ‘preventative analgesia, but this is not always possible or effective
(Dahl and Kehlet, 2011). As with chronic pain, effective recognition
of acute pain is also important. Pain scoring systems developed for
acute pain can assist with this and are useful to assess the effective-
ness of an analgesic intervention. Examples of validated pain scores
for dogs and cats include the Glasgow Composite Pain Scoring Sys-
tems (Reid et al, 2007, 2017), the Colorado Canine Acute Pain Scale
(Holten et al, 2001) and the UNESP-Botucatu Multidimensional
Composite Pain Scale for cats (Brondani et al, 2013).

Given the subjective nature and individual experience of chronic
pain, self-reporting in humans is regarded as essential for accurate
assessment (Achterberg et al, 2021). It is generally accepted that
animals are likely to experience chronic pain in a similar manner
to people, but explicit self-reporting is not possible (Burma et al,
2017). This complicates diagnosis and assessment of chronic pain
states in species encountered in veterinary practice, particularly the
emotional elements, which strongly feature (Achterberg et al, 2021).
Observed behavioural assessment forms the mainstay of evalua-
tion for companion animals and veterinary surgeons rely heavily
on the owner to report any behavioural changes (Wisemann-Orr
et al, 2004). Changes in behaviours such as activity levels, attitude
and sociability have been included in health-related quality of life
questionnaires, designed particularly for chronic pain assessment
(Wisemann-Orr et al, 2004). Assessments are predominantly di-
rected towards specific disease states associated with chronic pain,
such as osteoarthritis (Brown et al, 2007, Heim-bjorkman et al,
2009; Zamprogno et al, 2010, Benito et al, 2013) and spinal cord
injury (Budke et al, 2008). More recently, assessments designed for
all states of chronic pain in both dogs and cats have been developed
(Reid et al, 2018a, 2018b; Noble et al, 2019). The concept of struc-
tural behavioural observation and associated scoring systems are
reviewed extensively by Reid et al (2018b). An important goal for
the patient is to improve the score on the chosen assessment tool,
therefore accurate record keeping and repeated scheduled reviews
are critical. Reducing progression of the disease is also an important
aim of therapies that may not be included in the scoring systems,
depending on the underlying pathology.

It is important to discuss the long-term goals of chronic pain
management with the owner to develop a consensus as to whether
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Figure 1. The continuum of the states of pain. Acute pain may transition into
chronic pain, and it is likely that a combination of nociceptive, nociplastic
and neuropathic pain states occur during this transition. Examples of
pathological change that generate both acute and chronic pain are
provided, and these also have variable combinations of nociceptive,
nocipathic and neuropathic pain signalling.

the intervention is appropriate, to consider additional therapies and
lifestyle adjustments, and to evaluate response to treatment. Clients
are effective at evaluating the success of analgesic intervention for
chronic pain management in cats (Bennett and Morton, 2009) and
quality of life in dogs with spinal injury (Levine et al, 2008). This
means that history-taking forms a key component of clinical deci-
sion-making regarding the management of chronic pain.

It is also important to strive to achieve other client-led goals con-
currently, including working within the remit of any financial con-
straints, supporting clients with appropriate frequency of contact,
and suggetsing interventions which are reasonable to accommodate
based on the client’s schedule (Davis et al, 2019).

Therapies for acute and chronic pain

Acute pain can often be effectively prevented and managed with the
array of efficacious analgesic agents licenced for use in dogs, ranging
from full mu-agonist opioids to non-steroidal anti-inflammatory
agents. A variety of routes of administration are also available, such
as systemic administration and locoregional approaches. Pre-emp-
tive analgesia aims to prevent noxious signalling to the spinal cord
(Dahl and Kehlet, 2011). While considered optimal, a pre-emptive
strategy is not always possible or effective, for example, intra-op-
erative nociception can occur during an exploratory laparotomy if
there is a failure of full anaesthesia after epidural administration of
lidocaine.

Effective management of patients experiencing chronic pain is
challenging as a result of various factors. These include difficulty
recognising chronic pain and its underlying cause(s), difficulty
managing the complex psychosocial implications of the condition,
veterinary-prescribing legislation, and a lack of understanding of
off-licence medication options. Treatment plans for patients with
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Figure 2. The pain pathway, demonstrating the activation, transduction
and modulation of signalling via the pain pathway at different levels and
the perception of pain by higher centres. Descending inhibitory control is
blue, descending facilitatory control is red. DRG = dorsal root ganglia.

Table 1. Drugs prescribed to manage chronic

pain and the level of pain pathway they target
Drug

Pathway Reference

Local anaesthetics | Transduction, Taylor and McLeod

transmission (2020)
Non-steroidal Transduction, modulation | Gunaydin and Bilge
anti-inflammatory (2018)

drugs

Bimonte et al (2021);
Enomoto et al (2018)

Anti-nerve growth | Transduction, modulation
factor mono-

clonal antibodies

Alpha-2 agonists | Transmission, perception | Pertovaara et al (1991)

Gabapentinoids Transmission, modulation | Rose and Kam (2002)

Opioids Transmission, perception | Ballantyne and Mao

(2003)

NK1 receptor Transmission Corréa et al (2019);

antagonist Suzuki et al (2002)
N-methyl-D- Modulation, perception | Li et al (2019)
aspartate receptor
antagonist
Paracetamol Modulation Anderson (2008)
Tricyclic Modulation, perception | Giorgi and Owen
antidepressants (2012)
SSRIs, SNRIs Modulation, perception Patetsos and Horjales-
Araujo (2016);
Ito et al (2018)
8

chronic pain must be designed to provide maximum benefit and
minimum harm and respect the client’s wishes for their pet. The
concept of rational prescribing is discussed extensively by Max-
well (2016) and an approach is outlined, beginning with a discus-
sion regarding the expectations and goals surrounding therapy.
Patient factors including signalment and concurrent medication
are considered along with drug factors such as pharmacological
characteristics, evidence of effectiveness and cost.

As nociceptive, nociplastic and neuropathic pains are likely to
feature in combination, drug therapies that are effective against all
of these pain states may need to be employed, so it is important to
consider the pathways involved in the generation of these pain states
to select effective therapies.

Figure 2 shows the pain pathway. The first step in the pathway is
transduction of the pain stimulus into an electrical signal via activa-
tion of the nociceptors. This signal is transmitted from the peripher-
al to the central nervous system and passes through the dorsal horn
of the spinal cord. Neurons project this signal into the brainstem,
thalamus and finally the cerebral cortex, where pain is perceived.
Modulation of signals occurs in the brainstem and dorsal horn of
the spinal cord. There is a large selection of drugs that act at different
levels of the pain pathway that may be effective at managing patients
with chronic pain (Table I).

When using pharmacological intervention for the management
of chronic pain, it is very important to consider legislation sur-
rounding prescribing. In the UK, the first-line treatment for out-
patients should be licenced for use for the target species for pain
management. These are often non-steroidal anti-inflammatory
drugs, drugs containing paracetamol, or tramadol. Drugs that are
not licenced for use may be prescribed according to the cascade, us-
ing clinical judgement to avoid compromising patient welfare (Vet-
erinary Medicines Directorate, 2015). These drugs are often used
in addition to licenced medication, so it is also important to con-
sider whether a licenced drug is being prescribed according to the
cascade. For example, paracetamol and codeine tablets (Pardale-V;
Dechra) are only licenced for use as an analgesic for five consecutive
days, although they are frequently used for a longer duration.

Finally, there are a variety of non-pharmacological techniques
that may be effective in addition to prescription of medication for
chronic pain. These have been reviewed by MacFarlane et al (2014)
and includes lifestyle changes such as weight loss, physiotherapy,
controlled exercise and acupuncture. At present, there is insufficient
evidence to consider any non-pharmacological therapy as a sole
treatment for chronic pain.

Case example: forelimb amputation in a
dog following trauma
Table 2 shows the case presentation, diagnosis and management of a
dog presenting following a road traffic collision. The client declined
referral and opted for amputation owing to financial constraints. On
the morning of surgery, the dog looked depressed in its kennel and
still resented having its left forelimb touched. Despite this, surgi-
cal management was successful, and the dog appeared increasingly
bright over the subsequent 24 hours and began eating and drinking.
Postoperative checks at 5 and 10 days showed that the incision
was healing well, and the client was happy with the outcome. The
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dog was reported as quiet and a little less interactive than normal,
but the client was not concerned. A few months later, the client
called and was worried her dog was not back to his ‘old self”. She was
concerned about his behaviour and reported that the dog was pay-
ing a lot of attention to the surgical site and rubbing it, randomly vo-
calising and appeared restless in the evenings. She had given the dog
some left-over meloxicam for the previous 5 days, but did not see an
improvement. On re-examination at the clinic, the surgical site ap-
peared healed, with no evidence of infection or inflammation. The
vet suspected the dog was experiencing chronic, neuropathic pain,
and prescribed 10 mg/kg gabapentin every 8 hours per os, alongside
continuation of the meloxicam, and the client was asked to phone
back in 2 weeks with an update.

Was the pre-surgical management of acute pain ad-
equate in this case?

It is very difficult to tell. If an animal is not explicitly evaluated for
pain at a preliminary examination, it may be missed. Not every
animal will vocalise, and not every vocalising animal will be in
pain. Looking depressed can be an indicator of acute pain, as can
resentment of the painful site being palpated (Reid et al, 2007). For-
mulating a structured acute pain assessment plan using validated
scoring systems allows better interpretation as to how a patient has
responded to analgesia overnight. Even better would be the inclu-
sion of a rescue analgesia plan (for example, additional 0.1 mg/kg
methadone intravenously), with set thresholds for intervention as
outlined by these pain scoring systems. It is important to control
pre-amputation pain promptly and effectively, as it has been linked
to more postoperative pain episodes (Menchetti et al, 2017).

Was intraoperative management of acute pain
adequate in this case?

Probably not. Increasing respiratory rate, heart rate and blood
pressure can all be signs of nociceptive signalling during general
anaesthesia. Rather than increasing the anaesthetic depth, consid-
eration should have been made to splash or infiltrate local anaes-
thetic around the exposed nerves proximally, before nerve transec-
tion. Administration of an additional dose of methadone, and/or
the perioperative use of a ketamine infusion may have also reduced
nociceptive signalling (Wagner et al, 2002).

Was the postoperative management of acute pain
adequate in this case?

Without using a validated acute pain scoring system, it is not pos-
sible to tell. Perioperative use of ketamine has been shown to be ef-
fective at reducing pain in dogs undergoing limb amputation, there-
fore adding this to the protocol may have been beneficial (Wagner et
al, 2002). Scoring systems can also be useful to assist with deciding
when to taper or switch opioid use postoperatively. Pain before and
after amputations is reported as similar (Menchetti et al, 2017), so
even in the absence of an unstable fracture, effective postoperative
pain management is still critical.

Why was it important to recheck the dog at 2 months

post-surgery in this case?
It is important to assess whether there are postoperative compli-
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Table 2. Case presentation, diagnosis and

management of a Labrador presenting after a
road traffic collision

Signalment and History

® Two-year-old male neutered Labrador
® Non-weight bearing lameness on left fore
® Collision with a slow-moving car 1 hour previously

Initial management and diagnosis

® Stable cardiovascular parameters

® Analgesia: 0.3 mg/kg methadone intramuscularly

® Radiography: complex fracture of left elbow, oblique fracture to left
radius and ulnar. Thoracic and abdominal films were unremarkable.

® Supportive dressing placed

Overnight plan

® Meloxicam 0.2mg/kg intravenously
® Methadone 0.3mg/kg intravenously every 4 hours
® |eft forequarter amputation scheduled in the morning

Surgical intervention

® Premedication: acepromazine 20 mcg/kg intravenously, methadone
0.3mg/kg intravenously

® [nduction with propofol to effect and maintenance with isoflurane
delivered in oxygen

® During nerve transection, tachypnoea, increased heart rate and
blood pressure were noted, and the depth of anaesthesia was
increased by increasing the isoflurane delivery

Postoperative management

® Methadone 0.2mg/kg intravenously every 4 hours for 24 hours, then
buprenorphine 20 mcg/kg intravenously every 8 hours

® Meloxicam 0.Img/kg per os every 24 hours for 5 days

® Discharged 48 hours postoperatively

cations such as incisional healing that need addressing. Phantom
limb pain describes pain experienced from a limb that is no longer
present (Flor, 2002), but it is important to differentiate this from
post-surgical pain, or pain caused by inflammation and infection,
which generally improves with healing (Menchetti et al, 2017). The
behaviours described by the client are consistent with post-amputa-
tion chronic pain (Boesch et al, 2021). There is scant evidence in the
literature to suggest which specific analgesic drugs are effective at
managing chronic pain behaviours post-limb amputation because
the pathophysiology is not fully understood. Long-term pathophys-
iological changes in the peripheral and central nervous system are
thought to occur (Kuffler, 2018).

Was the continuation of meloxicam and addition of
gabapentin a reasonable choice, given the suspi-
cion of chronic post-amputation pain?

It is important to consider licenced drugs as a first line therapy,
under UK prescribing regulations (Veterinary Medicines Directo-
rate, 2015). However, if treatment with authorised products alone
is ineffective, it is reasonable to use the prescribing cascade for
medications such as gabapentin. In humans, gabapentin may relieve
phantom limb pain (Bone et al, 2002; Abbass, 2012), but in dogs it
is unclear whether it is effective. There is evidence to suggest it is
not effective when used as an adjunctive analgesic for acute pain in
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KEY POINTS

® There are different types of pain that exhibit different clinical
signs.

® The complex pathophysiology of the development and
continuation of pain means it can be challenging to effectively
manage.

® There are a variety of pharmacological management options, but
the relevant prescribing legislation should be adhered to.

® |[tisimportant to consider the needs of both the client and
the animal when devising pain management plans and review
progress on a regular basis.

the perioperative period for dogs undergoing forelimb amputation
(Wagner et al, 2010). However, Wagner et al (2010) administered
gabapentin every 12 hours, but pharmacological evidence suggests
at least 8 hourly dosing is required to maintain therapeutic plasma
concentrations (Kukanich and Cohen, 2011). A study using quan-
titative sensory testing to evaluate response to therapy with gabap-
entin in dogs with neuropathic pain gave some encouraging results,
but they should be interpreted with caution (Ruel et al, 2020).
Given the lack of clarity in the literature regarding specific rec-
ommendations for prescribing for animals in chronic pain, regular
patient rechecks and the use of specific pain scoring systemics for
chronic pain are recommended. It is important to counsel clients
on the risk of adverse effects associated with long-term use of non-
steroidal anti-inflammatory drugs (Luna et al, 2007) and be con-
tinually mindful of the contraindications in the summary of drug
characteristics. Non-pharmacological interventions can be consid-
ered alongside medication, if feasible for the client and patient.

Conclusions

The complex pathophysiology of the different types of pain is a sig-
nificant part of why they can be challenging to manage. There is a
range of licenced and effective pharmacological therapies for acute
pain, but the unique features of chronic pain make effective inter-
vention more challenging. In particular, the complex psychosocial
elements of chronic pain and client expectations can be difficult to
manage. This is compounded by a relative lack of understanding of
off-licence prescribing options available for chronic pain. This
sought to provide an overview of some of these medications, along
with discussion on how to assess the effectiveness of intervention
strategies used for pain management. It also highlights the potential
importance of effectively managing acute pain with the aim of re-
ducing the incidence of chronic pain in animals.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References

Abbass K. Efficacy of gabapentin for treatment of adults with phantom limb pain.
Ann Pharmacother. 2012;46(12):1707-11. https://doi.org/10.1345/aph.1Q793

Achterberg WP, Erdal A, Husebo BS, Kunz M, Lautenbacher S. Are chronic pain
patients with dementia being undermedicated? ] Pain Res. 2021;14:431-439.
https://doi.org/10.2147/JPR.S239321

Anderson BJ. Paracetamol (acetaminophen): mechanisms of action. Paediatr
Anaesth. 2018;18:915-921. https://doi.org/10.1111/§.1460-9592.2008.02764.x

Ballantyne JC, Mao J. Opioid therapy for chronic pain. New Engl Med J.
2013;349:1943-1953. https://doi.org/10.1056/NEJMra025411

Benito J, DePuy V, Hardie E et al. (2013). Reliability and discriminatory testing of
a client-based metrology instrument, feline musculoskeletal pain index (FMPI)
for the evaluation of degenerative joint disease-associated pain in cats. The Vet J.
2013;196(3):368-373. https://doi.org/10.1016/j.tvjl.2012.12.015.

Bennett D, Morton C. A study of owner observed behavioural and lifestyle changes
in cats with musculoskeletal disease before and after analgesic therapy. J Feline
Med Surg. 2009;11(12):997-1004. https://doi.org/10.1016/j.jfms.2009.09.016.

Bimonte S, Cascella M, Forte CA, Esposito G, Cuomo A. The role of anti-nerve
growth factor monoclonal antibodies in the control of chronic cancer and non-
cancer pain. J Pain Res. 2021;14:1959-1967. https://doi.org/10.2147/JPR.S302004

Boesch JM, Roinestad KE, Lopez DJ et al. The Canine Postamputation Pain
(CAMPPAIN) initiative: a retrospective study and development of a diagnostic scale.
Vet Anaesth Analg. 2021;48(6):861-870. https://doi.org/10.1016/j.vaa.2021.07.003

Bone M, Critchley P, Buggy DJ. Gabapentin in postamputation phantom limb pain:
a randomized, double-blind, placebo-controlled, cross-over study. Reg Anesth
Pain Med. 2002;(5):481-6. https://doi.org/10.1053/rapm.2002.35169.

Brondani JT, Mama KR, Luna SPL et al. Validation of the English version of
the UNESP-Botucatu multidimensional composite pain scale for assessing
postoperative pain in cats. BMC Veterinary Res. 2013;9:143. https://doi.
org/10.1186/1746-6148-9-143

Brown DC, Boston RC, Coyne JC, Farrar JT. Development and psychometric testing
of an instrument designed to measure chronic pain in dogs with osteoarthritis.
Am J Vet Res. 2007;6(68):637-63; https://doi.org/10.2460/ajvr.68.6.631

Budke CM, Levine JM, Kerwin SC et al. (2008). Evaluation of a questionnaire for
obtaining owner-perceived, weighted quality-of-life assessments for dogs with
spinal cord injuries, Journal of the American Veterinary Medical Association.
2008;233(6):925-930 https://doi.org/10.2460/javma.233.6.925

Burma NE, Leduc-Pessah H, Fan CY, Trang T. Animal models of chronic pain:
Advances and challenges for clinical translation. ] Neurosci Res. 2017;95:1242-
1256. https://doi.org/10.1002/jnr.23768

Corréa JMX, Soares PCLR et al. Evaluation of the Antinociceptive Effect of Maropi-
tant, a Neurokinin-1 Receptor Antagonist, in Cats Undergoing Ovariohysterec-
tomy. Vet Med Int. 2019;2019:9352528. https://doi.org/10.1155/2019/9352528

Cruz FE, Rocco PR, Pelosi P. Anti-inflammatory properties of anesthetic agents. Crit
Care. 2017;21(1):67. https://doi.org/10.1186/s13054-017-1645-x

Dahl JB, Kehlet H. Preventive analgesia. Curr Opin Anaesthesiol. 2011;24(3):331-
338. https://doi.org/10.1097/ACO.0b013e328345afd9

Davis KN, Hellyer PW, Carr ECJ, Wallace JE, Kogan LR. Qualitative study of owner
perceptions of chronic pain in their dogs, ] Am Vet Med Assoc. 2019;254(1):88-
92. https://doi.org/10.2460/javma.254.1.88

Enomoto M, Mantyh PW, Murrell J et al. Anti-nerve growth factor monoclonal
antibodies for the control of pain in dogs and cats. Vet Rec. 2018;(1):23. https://
doi.org/10.1136/vr.104590.

Fitzcharles MA, Cohen SP, Clauw DJ et al. Nociplastic pain: towards an understand-
ing of prevalent pain conditions. Lancet. 2021;397:2098-110. https://doi.org/
10.1016/s1474-4422(02)00074-1

Flor H. Phantom-limb pain: characteristics, causes, and treatment. The Lancet Neu-
rol. 2002;1(3):182-189. https://doi.org/10.1016/s1474-4422(02)00074-1

Galvin DA, McCrory C. The role of T-lymphocytes in neuropathic pain initia-
tion, development of chronicity and treatment. Brain Behav Immun Health.
2021;18:100371. https://doi.org/10.1016/j.bbih.2021.100371.

Giorgi M, Owen H. Mirtazapine in veterinary medicine a pharmacological rationale
for its application in chronic pain. Am ] Anim Vet Sci. 2012;7:42-47. https://doi.
org/10.3844/ajavsp.2012.42.47.

Gunaydin C, Bilge SS. Effects of nonsteroidal anti-inflammatory drugs at the
molecular level. Eurasian ] Med. 2018;50:116-21. https://doi.org/10.5152/eura-
sianjmed.2018.0010

Gwilym SE, Pollard TCB, Carr AJ. Understanding pain in osteoarthritis. ] Bone Joint
Surg Br. 2008;90(3):280-287. https://doi.org/10.1302/0301-620X.90B3.20167

Holton L, Pawson P, Nolan A et al. Development of a behaviour-based scale
to measure acute pain in dogs. Vet Rec. 2001;148(17): 525-531. https://doi.
org/10.1136/vr.148.17.525.

Ito S, Suto T, Saito S et al. Repeated administration of duloxetine suppresses neuro-
pathic pain by accumulating effects of noradrenaline in the spinal cord. Anesth
Analg. 2018;126(1):298-307. https://doi.org/10.1213/ANE.0000000000002380.

Kosek E, Cohen M, Baron R et al. Do we need a third mechanistic descriptor for
chronic pain states? Pain. 2016;157(7):1382-1386. https://doi.org/10.1097/j.
Ppain.0000000000000507

Kuffler DP. Origins of phantom limb pain. Mol Neurobiol. 2018;55(1):60-69.
https://doi.org/10.1007/s12035-017-0717-x

Kukanich B, Cohen RL. Pharmacokinetics of oral gabapentin in greyhound dogs.
The Vet J. 2011;187(1):133-5. https://doi.org/10.1016/j.tvjl.2009.09.022

Levine JM, Budke CM, Levine GJ et al. Owner-perceived, weighted quality-
of-life assessments in dogs with spinal cord injuries. ] Am Vet Med Assoc.
2008;233(6):931-5. https://doi.org/10.2460/javma.233.6.931.

Li XH, Miao HH, Zhuo M. NMDA Receptor dependent long-term potentiation in
chronic pain. Neurochem Res. 2019;44:531-538. https://doi.org/10.1007/s11064-
018-2614-8

Luna SP, Basilio AC, Steagall PV, Machado LP et al. Evaluation of adverse effects
of long-term oral administration of carprofen, etodolac, flunixin meglumine,
ketoprofen, and meloxicam in dogs. Am ] Vet Res. 2007;68(3):258-264. https://
doi.org/10.2460/ajvr.68.3.258

MacFarlane PD, Tute AS, & Alderson B. (2014). Therapeutic options for the treat-

Companion animal | January-March 2023, Volume 28 No 3

© 2023 MA Healthcare Ltd



CLINICAL REVIEW

ment of chronic pain in dogs. ] Small Anim Pract. 2014;55(3):127-134. https://
doi.org/10.1111/jsap.12176

Maxwell SR. Rational prescribing: the principles of drug selection. Clinical Medicine
(London). 2016;16(5):459-464. https://doi.org/10.7861/clinmedicine.16-5-459

McCleane GJ, Suzuki R, Dickenson AH. Does a single intravenous injection of the
5HT3 receptor antagonist ondansetron have an analgesic effect in neuropathic
pain? A double-blinded, placebo-controlled cross-over study. Anesth Analg.
2003;97(5):1474-1478. https://doi.org 10.1213/01.ANE.0000085640.69855.51.

Menchetti M, Gandini G, Gallucci A et al. Approaching phantom complex after
limb amputation in the canine species. ] Vet Behav. 2017;22:24-28. https://doi.
0rg/10.1016/j.jveb.2017.09.010

Noble CE, Wiseman-Orr LM, Scott ME et al. Development, initial valida-
tion and reliability testing of a web-based, generic feline health-related
quality-of-life instrument. ] Feline Med Surg. 2019;21(2):84-94. https://doi.
org/10.1177/1098612X18758176.

Patetsos E, Horjales-Araujo E. Treating chronic pain with SSRIs: what do we know?
Pain Res Manag. 2016. https://doi.org/10.1155/2016/2020915.

Pertovaara A, Kauppila T, Jyvésjarvi E et al. Involvement of supraspinal and spinal
segmental alpha-2-adrenergic mechanisms in the medetomidine-induced
antinociception. Neurosci. 1991;44:705-714. https://doi.org/10.1016/0306-
4522(91)90089-7.

Reddi D. Preventing chronic postoperative pain. Anaesth. 2015;71:64-71. https://
doi.org/10.1111/anae.13306

Reid J, Nolan A, Hughes J et al. Development of the short-form Glasgow Composite
Measure Pain Scale (CMPS-SF) and derivation of an analgesic intervention
score. Anim Welf. 2007;8:97-104.

Reid M, Eccleston C, Pellimer K. Management of Chronic Pain in Older Adults.
BMJ. 2015;350:532-42. https://doi.org/10.1136/bmj.h532

Reid J, Scott EM, Calvo G et al. Definitive Glasgow acute pain scale for cats: validation
and intervention level. Vet Rec. 2017;180: 449-449. https://doi.org/10.1136/vr.104208

Reid J, Wiseman-Orr L, Scott M. Shortening of an existing generic online health-
related quality of life instrument for dogs. J Small Anim Pract. 20182;59(6):334-
342. https://doi.org/10.1111/jsap.12772

Reid J, Nolan AM, Scott EM. Measuring pain in dogs and cats using structured
behavioural observation. The Vet J. 2018b;236:72-79. https://doi.org/10.1016/j.
tvjl.2018.04.013.

Rose MA, Kam PCA. Gabapentin: pharmacology and its use in pain management.
Anaesthesia. 2002;57:451-462. https://doi.org/10.1046/§.0003-2409.2001.02399.x

Ruel HL, Watanabe R, Evangelista MC et al. Pain burden, sensory profile and in-

flammatory cytokines of dogs with naturally-occurring neuropathic pain treated
with gabapentin alone or with meloxicam. Plos One. 2020;15(11) https://doi.
org/10.1371/journal.pone.0237121

Suzuki R, Morcuende S, Webber M et al. Superficial NK1-expressing neurons
control spinal excitability through activation of descending pathways. Nature
Neuroscience. 2002;5:1319-1326. https://doi.org/10.1038/nn966.

Takeda M, Takahashi M, Matsumoto S. Suppression of neurokinin-1 receptor in
trigeminal ganglia attenuates central sensitization following inflammation. J Peripher
Nerv Syst. 2012;17:169-181. https://doi.org/10.1111/j.1529-8027.2012.00404.x

Taylor, McLeod G. Basic pharmacology of local anaesthetics. BJA Education.
2020;20(2):34-41 https://doi.org/10.1016/j.bjae.2019.10.002.

Treede RD, Rief W, Barke A et al. Chronic pain as a symptom or a disease:
the TASP Classification of Chronic Pain for the International Classification
of Diseases (ICD-11). Pain. 2019;160(1):19-27. https://doi.org/10.1097/j.
pain.0000000000001384

The British Pain Society. Useful definitions and glossary. 2023. https://www.british-
painsociety.org/people-with-pain/useful-definitions-and-glossary/#top (accessed
24 January 2023)

Tracey WD. Nociception. Curr Biol. 2017;27(4):129-133. https://doi.org/10.1016/j.
cub.2017.01.037

Veterinary Medicines Directorate. The cascade: prescribing unauthorised medicines.

2015. https://www.gov.uk/guidance/the-cascade-prescribing-unauthorised-
medicines (accessed 24 January 2023)

Voscopoulos C, Lema M. When does acute pain become chronic? Brit ] Anaesth.
20103105(1):69-85. https:/doi.org/10.1093/bja/aeq323.

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. ] Am Vet Med Assoc. 2010;236(7):751-6.
https://doi.org/10.2460/javma.236.7.751.

Wiseman-Orr ML, Nolan AM et al. Development of a questionnaire to measure
the effects of chronic pain on health-related quality of life in dogs.Am J Vet Res.
2004;65(8):1077-1084. https://doi.org/10.2460/ajvr.2004.65.1077

Wagner AE, Walton JA, Hellyer PW, Gaynor JS Mama KR. Use of low doses of
ketamine administered by constant rate infusion as an adjunct for postopera-
tive analgesia in dogs. ] Am Vet Med Assoc. 2002;221(1), 72-75. https://doi.
org/10.2460/javma.2002.221.72.

Zamprogno H, Hansen BD, Bondell HD et al. Item generation and design testing of
a questionnaire to assess degenerative joint disease-associated pain in cats. AmJ
Vet Res. 2010;71(12):1417-1424. https://doi.org/10.2460/ajvr.71.12.1417

© 2023 MA Healthcare Ltd

Would

you close
door to me?

Sick, injured and homeless pets

www.bluecross.org.uk
have relied on us since 1897.

Companion animal | January-March 2023, Volume 28 No 3 1



