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Pain pathways

* Nociception
* respond to thermal, chemical and mechanical stimuli
* somatic: deep, superficial
* visceral: include vagal afferents
* transduction/transmission/perception
* + modulation

e Multiple brain sites activated
e sensory-discriminative: S51, S52,
» affective-motivational: ACC, Insular
e cognitive-evaluative: PFC

e Pain is a multidimensional experience

Fields H. Nature Reviews Neuroscience 5, 565-575 (2004)
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Clinical pain

* Sensitisation
* peripheral: inflammatory mediators (NGF, IL-1, CCL’s), nerve changes
* primary hyperalgesia
* spinal cord sensitisation: up-regulation (AMPA, NMDA, NOS, PG’s, glia activation)
* secondary hyperalgesia
* supraspinal sensitisation: focus, synaptic change/re-organisation
* ? tertiary hyperalgesia

e Behavoural change
* sleep, mood, fear-avoidance, hyper-vigilance, social interactions
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Figure 1. An Example of a Conditioned Pain Modulation (CPM) Test Protocol.




Factors associated with pain severity and persistence

* Acute pain severity biggest predictor of chronic pain: 20+% variance
* surgical factors, post-operative care, rehabilitation
* ? neurogenic inflammation, ? reduced descending inhibition

* nerve injury: commonly hypoaesthesia initially
* Fuller A. Frontiers in Pain Research 2023; July 6: doi10.3389

* Psycho-social aspects important, although vary over time/trajectory

* genetic
¢ COMT, Oprm-1, signal transduction genes 1. Increased pain
. . perception
 adverse childhood experiences 2. Depression

1.Increased pain
perception

2.Depression

3.Physical disabilit

* Scott K. Arch Gen Psych 2011; 68: 838

3. Physical disability
* plus parental style tCOMBINED EFFECT
* Anno K. BMC Psychiatry 2015; 15: 181
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Hyperalgesia: IASP taxonomy

 HYPERALGESIA
* Increased pain from a stimulus that normally provokes pain.

* Note: Hyperalgesia reflects increased pain on suprathreshold stimulation. This is a clinical term that does not imply
a mechanism. For pain evoked by stimuli that usually are not painful, the term allodynia is preferred, while
hyperalgesia is more appropriately used for cases with an increased response at a normal threshold, or at an
increased threshold, e.g., in patients with neuropathy. It should also be recognized that with allodynia the stimulus
and the response are in different modes, whereas with hyperalgesia they are in the same mode. Current evidence
suggests that hyperalgesia is a consequence of perturbation of the nociceptive system with peripheral or central
sensitization, or both, but it is important to distinguish between the clinical phenomena, which this definition
emphasizes, and the interpretation, which may well change as knowledge advances. Hyperalgesia may be seen after
different types of somatosensory stimulation applied to different tissues.




Clinical types

* Mechanical
 Superficial mechanical: pin-prick (punctate)
* Deep mechanical: pressure (static)
» A-delta fibres plus central mechanisms

* Thermal
* Heat
* Pain >44 degrees, C fibres
* Cold
* Pain <15 degree, A-delta fibres

* Visceral
* Primary
* Inflammation visceral organs, include neurogenic inflammation
* Viscero-somatic
* Referred pain e.g. chest pain to arms, throat
 Viscero-visceral
* Same spinal cord segments

* Allodynia: non-painful stimuli producing pain
* Dynamic mechanical hyperalgesia (brush) via A-beta fibres

Pain intensity

normal
pain

normal
pain thereshold

Stimulus intensity



Stress induced hyperalgesia

e Stress may produce analgesia acutely

 exercise induced hypo-algesia via descending inhibition

e Stress may produce hyperalgesia

exacerbate chronic pain conditions: intensity, limited change in threshold, tolerance

* implies altered stress induced pain modulation in chronic pain
* Loffler M. Neurobiology of Pain 2023; 13: 100110

repeated stress in animals, swim, restraint, social defeat, produce hyperalgesia
* develop descending. Pain facilitation pathways
* chronic heightened circulating adrenaline changes B2 receptor systems

* Mechanisms

» up-regulation of alpha-2 receptors on nociceptors

* note adrenaline in algogesic

e augmentation of neurogenic inflammation via alpha-1 receptors
* Richebe P. Anesthesiol 2011; 114: 1280
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Hyperalgesia associated with neuropathic pain

* Allodynia and hyperalgesia occurs in 15-50% those with neuropathic pain
 Sensitivity early predicts development central neuropathic pain
* However, sensory loss > gain associated with chronic neuropathic pain

 Different fields of different responses within area of nerve damage
* Jensen T. Lancet Neurol 2014; 13: 924
* Rolke R. Pain 2006; 123: 231
* Maier C. Pain 2010; 150: 439

O PHN I: Peripheral and central sensitization
@ PHN IlI: Deafferentation of small and large fibers
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Mechanical

Dynamic mechanical

Punctate
Static (superficial)
Static (deep)

Thermal
Cold

Heat

Cotton bud, painter’s
brush, or cotton ball

Prick with stick or pin;
monofilament

Gentle finger pressure
applied to skin

Finger pressure applied to
skin and underlying tissue

Thermoroller kept at 20°C,
cold metal or glass object

Thermoroller kept at 40°C,
warm metal or glass object




Perioperative hyperalgesia

* 25% post operative pain severe
* Significant rates persistent pain, in part linked to hyperalgesia development

Nociception induced
* Primary (in area of tissue damage, inflammatory) and/or secondary (outside area of surgery)

Opioid induced hyperalgesia (OIHA)
* All opioids, short acting/potent greatest, occurs before tolerance
* Qutside area of injury; associated with higher pain report, opioid use post operatively
* Naloxone (low dose) can block
* Mixed mechanisms: medulla descending facilitation, NMDA activation, reduced glutamate clearance

Inadequate analgesia
* NMDA receptor upregulation nociceptive pathways
* Excito-toxicity +/- surgical nocicpetor death, leading to loss inhibitory neurones in spinal cord

? Inhaled anaesthetic agents

* Nitrous oxide, propofol infusions reduce hyperalgesia associated with remifentanil
e Malik O. Curr Pain Headache Rep 2017: 21: 4




 Methadone reported NMDA antagonist, Acetyl-choline, dopamine effects
* less tolerance, euphoria compared to other opioids

* Testing on chronic daily dosing pts (n=16) compared to controls
* mechanical and cold pressor thresholds, tolerance
* at trough to peak concentrations (55-65%)
e thresholds and tolerance mechanical increased at peak concentrations
* lower tolerance mechanical compared to controls at trough, higher at peak
* no change to mechanical detection thresholds
* lower heat detection and tolerance compared to controls

* Doverty M. Pain 2001; 90: 91

e Buprenorphine at low dose is anti-hyperalgesic in experimental pain

* Koppert W. Pain 2005; 118: 15

* In high doses, may increase descending inhibition

* and no response to morphine
* Anthanasos P. Pain Med 2019: 20; 119

Methadone vs Buprenorphine

However, buprenorphine ORT has similar hyperalgesia to methadone
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Management I

* Clinical assessment to consider peripheral vs central mechanisms
* optimal pain management early to reduce development HA
* regional anaesthetic techniques: dose-response relationship to reduction chronic pain
* NSAIDS with peripheral and central action

* central anti-hyperalgesics if using opioids
e ?ivlignocaine

Ketamine: NMDA antagonist 0.1-0.4 mg/kg/hr
* reduces OIHA, nociception induced HA
* ? duration: during stimulus, 6 hr-6 days

Dexmedetomidine/clonidine

? Low dose naloxone

? Low dose buprenorphine
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* reduce ketamine emergence phenomena « ¥ Pro-inflammatory cytokines « 4 Innate immunity e.g. NK cell
* transition to clonidine po eg. ILl-6, TNF-a, IL-1B, IL-8 « 4 Adaptive immunity e.g. B cell

the ratios of CD4*:CD8*, Th1:Th2
' e.g. CD8" Tcell

* Hyland S. Healthcare 2021; 9: 333 * } Anti-inflammatory cytokines
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