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BACKGROUND



WHAT IS PAIN?
“an unpleasant sensory and emotional 
experience associated with, or 
resembling that associated with, actual 
or potential tissue damage.” (IASP)



PAIN VERSUS NOCICEPTION

Pain is the higher level perception

Nociception is the transmission of a signal

Compare with hearing

Sound versus Music

You don’t need sound to hear music, or nociception to feel pain.



THE LUCKY COUNTRY We do appear to be the lucky country...



CANCER 
MANAGEMENT IS 

Treatments have changed
Survival has improved



NOW WE HAVE 
SURVIVORS
Which is fantastic

But often painful due to
• Cancer
• Surgery
• Chemotherapy
• Radiotherapy



DEMOGRAPHICS OF 
PAIN

Pain as a problem is related to

Age

Sex

And other things



BUT WE HAVE 
TREATMENTS FOR PAIN



BUT THE CURE 
COMES AT A COST



POLITICS & LEGALITIES



THE CHANGING 
FACE OF THE 
PHARMACEUTICAL 
INDUSTRY

New York Times 

2nd May, 2019

https://www.nytimes.com/2019/05/02/
health/insys-trial-verdict-kapoor.html

https://www.nytimes.com/2019/05/02/health/insys-trial-verdict-kapoor.html
https://www.nytimes.com/2019/05/02/health/insys-trial-verdict-kapoor.html


THIS ISN’T A ONE 
OFF

New York Times
23 April 2019

https://www.nytimes.com/2019/04/23/
nyregion/opioid-crisis-drug-trafficking-
rochester.html

https://www.nytimes.com/2019/04/23/nyregion/opioid-crisis-drug-trafficking-rochester.html
https://www.nytimes.com/2019/04/23/nyregion/opioid-crisis-drug-trafficking-rochester.html
https://www.nytimes.com/2019/04/23/nyregion/opioid-crisis-drug-trafficking-rochester.html


MEDICAL SOCIETY 
BANKRUPCY

25th may 2019

https://www.theguardian.com/us-news/
2019/may/25/american-pain-society-
doctors-painkillers

“The fifth vital sign”

https://www.theguardian.com/us-news/2019/may/25/american-pain-society-doctors-painkillers
https://www.theguardian.com/us-news/2019/may/25/american-pain-society-doctors-painkillers
https://www.theguardian.com/us-news/2019/may/25/american-pain-society-doctors-painkillers


FACULTY OF PAIN MEDICINE
- RECOGNITION OF CHANGE

GENERATIONAL CHANGE IN FPM AGAINST OPIOIDS

LACK OF EVIDENCE OF BENEFIT/ EVIDENCE OF HARM

Drive to look at alternatives

Non-opioids and non-traditional opioids.

Procedural interventions



BACKGROUND SUMMARY

We are getting older

We have more age related diseases, including cancer

We have more cancer survivors

Pain is a growing problem

Opioid treatments have been rising

Deaths are rising with and from this

Increasing recognition of the issues with opioids



DEFINITIONS



TYPES OF PAIN

Nociceptive

Pain from tissue injury

Nociplastic

Pain from altered nociception

Neuropathic

Pain from nerve injury



SIGNS

Allodynia

Pain without tissue injury

Hyperalgesia

Excess pain to injury

Hyperpathia

Pain due to repetitive 
stimulation



PAIN PHYSIOLOGY
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1 Introduction!
In! 1664! Descartes’! Treatise( on( Man1,! gave! us! the! first! pain! pathway! (Figure! 1):!
Particles!of! heat!(A)! activated!a! spot!of! skin!(B)! attached!by! a! fine! thread!(cc)! to! a!
valve!in!the!brain!(de).!Activity!opened!the!valve,!allowing!the!spirits!to!flow!from!a!
cavity!(F)! into!the!muscles,!causing!them!to!flinch!from!the!stimulus,!turn!the!head!
and!eyes!toward!the!affected!body!part,!and!move!the!hand!protectively.!!
!
The!pathway(aspect!was!at!that!time!considered!correct,!but!much!has!changed!in!
our! understanding! of! the! neurobiology! of! pain! since! then.! We! still! consider! pain!
transmission! to! occur! in! pain( pathways,! because! this! makes! understanding! the!
neurobiology!of!pain!easier;!but!strictly!speaking!pain(pathways!are!not!correct.!We!
should!consider!them!pain(systems.(!!
!
!

! ! ! !
! !

!

!

! Figure!1!Descartes’!pain!pathway.! !
!

2 Ascending!excitatory!systems!
These!could!be!considered!pro2pain(aspects!of!the!neurobiology.!!

2.1 Primary!afferent!neurons!
The!starting!point! for!pain! is! the!nociceptor:!a! free!unmyelinated!terminal! sensory!
receptor!found!in!skin,!muscles,!joints!and!certain!viscera.!!!
!
A! noxious( stimulus! activates! the! nociceptor,! which! transduces! and! encodes! the!
noxious!stimulus.!The!encoded!noxious!stimulus!is!then,!processed!and!transported!
along!the!nociceptive(neuron!or!primary(afferent(neuron! to!the!dorsal!horn!(DH)!of!
the!spinal!cord.!!

PAIN PATHWAYS
Descartes had a pretty fair idea of the 
basics



NOCICEPTION

AcH, ATP, PGE2, 
Glutamate, Adenosine, 
Bradykinin

Histamine, Serotonin, 
Noradrenaline, H+, K+

Cytokines (IL1, IL6, TNF)

Mechanical, thermal or 
other stimulus

Transducer channels - NAv 1.7-1.9

H+/K+ Sensing ion channels

TRP(Vanilloid), TrkA (neurotrophin)



WHAT HAPPENS AFTER NOCICEPTION

Fibres Aδ C Aβ 

Threshold Low & High High Pathological

Stimulii Thermal

Mechanical

Thermal

Mechanical

Chemical

Mechanical

Light Touch

Diameter 2-5 μm 0.5-2 μm 5-10 μm

Conduction 
Velocity 10-30 m/s 0.5-2 m/s 30-60 m/s
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! ! ! !
! !

!

!

! Figure!3!Receptors!in!the!dorsal!horn!involved!in!pain!transmission!and!potential!analgesics.!
Adapted!from![3].!!
Κ=kappa;!GABA=!γZaminobutyric!acid;!μ=mu!opioid!receptor;!δ=delta!opioid!receptor;!HT=serotonin;!
NK1=neurokinin;!NMDA=!NZmethylZDZaspartate;!And=adenosine;!α2=alpha!2!adrenoreceptor;!IP3=inositol!
triphosphate;!PKC=phosphokinase!C;!PKA=phosphokinase!A!!

!

!
Analgesics!can!be!directed!to!various!aspects!of!the!dorsal!horn!(Table!2).!!
!
!
!
!
!
!
!
!
!
!
!
!
!
There!are!2!main!types!of!second!order!neurons!within!the!DH:!

1. Nociceptive!specific!
2. Wide!dynamic! range! (WDR).!These!neurons!encode!a!wide! range!of! inputs,!

ranging! from!nonZnoxious! to!noxious! i.e.! as! the! intensity!of! input! increases!

! Table!2!Analgesic!targets!in!the!dorsal!horn! !
! Analgesic! Target!

Opioids!! Opioid!receptors!

NMDA!antagonists!! NMDA!receptor!

Midazolam!! GABAA!receptor!

Baclofen!! GABAB!receptor!

Clonidine!! α2!receptor!

NK1!antagonists! NK1!receptors!
!

!

! ! !

FIRST ORDER 
SYNAPSE
spinal cord (Lamina II, V)

Presents most of our pharmacological 
opportunities



THE DORSAL HORN



SIGNALLING OF PAIN

Burst mode is signal detector
Tonic is feature detector
Sherman 2001
Cooper 2006  

Burst has a non-linear response
Lisman 1997
Sherman 2001 

Mechanism of detecting change in environment 

Burst firing  
1. Burst mode is signal detector (wake-up call for 

change), tonic is feature detector (transmits content of 
change) (Sherman 2001, Cooper 2006) 

 

2. Is wake up call because of non-linear response (Lisman 
1997, Sherman 2001) 

 

3. Higher signal to noise (Sherman 2001) 

 

4. Permits selective routing and multiplexing (Izhikevich 2000) 

 

5. Changes synchronization (Izhikevich 2000, Brumberg 2000) 

 

 

Sherman 2001 

noise 
signal 

 



SOMATOSENSORY CORTEX



TWO PAIN PATHWAYS

Lateral System (Pain Perception)


WDR neurons

Firing in tonic mode

Lamina I, V-VI

Medial System (Affective)


Nociceptive neurons

Fire in burst

Lamina I



DESCENDING PATHWAYS
Bursts in ascending & descending pain pathways 

Burst = electrophysiological mechanism for detecting potentially harmful changes in the environment.  
It thereby triggers emotion-based attentional priority mode for perceptual processing of salient  
(=behaviorly relevant) potentially harmful stimuli (wake up call). 

Pain should be related to burst firing 
Physiological pain suppression should be related to burst firing 

De Ridder 2013 

If not salient 



GLIA AND PAIN



NEURONAL ACTIVITY



NEURONS DON’T FLOAT

10% of cells in the brain are neuronal

90% are glia.

Astrocytes

Microglia

Satellite Glial Cells

Others (Oligodendrocytes, Ependymal cells)

Glia aren’t just scaffolding



MICROGLIA
Constantly survey the brain
Touch every part of the brain 3x / hour

Rapidly respond to injury



Fig. 6.
Glial fibrillary acidic protein (GFAP) immunostaining of mouse, rhesus monkey, and human
astrocytes in cortex. Note striking differences in the sizes of mouse, monkey, and human
astrocytes. Also note differences in the number and lengths of branches of astrocytes from
mouse, monkey, and human being. Sizes of astrocytes increase with increasing complexity
of brain function. Scale, 50 μm. Images are reproduced from Kimelberg and Nedergaard
[133], with permission.

Ji et al. Page 41
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ASTROCYTES



ASTROCYTES
The tripartite synapse

Astrocytes modify the transmission of 
signals

Glutamate take up by
• GLAST
• GLT-1



ALLODYNIA 
2-HIT HYPOTHESIS



MINOCYCLINE 
BLOCKS THIS

Minocycline blocks microglial activation

Blocking microglia blocks allodynia (in 
rats)

Also, TLR4 knockout mice have less 
pain



OPIOIDS & GLIA



BLOCKING IL-1 
RESTORES ANALGESIA
Morphine antagonises its own action

The mechanism for antagonism isn’t via 
opiate receptors



ITS NOT JUST MORPHINE AND IL-1



MORPHINE AND 
TLR-4
Morphine binds the same site as LPS in 
the MD2 accessory protein to TLR-4



CHRONIC PAIN &  
PERIOPERATIVE MEDICINE



PREOPERATIVE 
ASSESSMENT

Opioids for chronic pain are bad
But this is not the time to fix that
Estimate daily morphine equivalents

Factors that will complicate anaesthesia:
Anxiety
Impaired DNIC
Device therapy



NEUROPATHIC PAIN MEDICATIONS

Gabapentinoids. (Pregabalin/Gabapentin)

SNRI’s (Duloxetine/venlafaxine)

Atypical opioids (Tapentadol/Buprenorphine)



OTHER PAIN 
MEDICATIONS
Weight loss management
GLP-1 RA’s.
- (Semaglutide/liraglutide/dulaglutide)
Twincretins
- Tirzepatide (coming soon)

Off label medications
- Low dose naltrexone



INTRAOPERATIVE 
MANAGEMENT

May well need high doses of opioids
Can titrate at the start to get an idea

Blocks and ketamine are your friends
And remifentanil is not

Parenteral methadone can be a good 
choice also
Acute dosing of methadone is easy



POSTOPERATIVE 
MANAGEMENT

Limit Fentanyl/Morphine/Oxycodone/
Hydromorphone. Consider instead:
Tapentadol
Buprenorphine
Ketamine

May need bigger doses
- Sometimes this can lead to surprises.



COMPLEX REGIONAL 
PAIN SYNDROME

Causes:

Peripheral musculoskeletal
Fractures 45%
Sprains 18%
Elective surgery 12%

Nerve injury

Idiopathic - 10%



BUDAPEST CRITERIA

Consensus meeting in 2003
Improvement on previous IASP 
criteria

Sensitivity 85%
Specificity: 69%

3 Symptoms
2 Signs



ANAESTHESIA FOR 
PAIN PROCEDURES



TIPS FOR DOING A PAIN LIST

Not all patients are opioid tolerant

Many are anxious

Some are sensitised

Generally just need sedation +/- Ketamine

Some procedures affect autonomics

Epidurals often have local anaesthetic

Sympathectomies

Neuromodulation



ANAESTHESIA FOR 
NEUROMODULATION

Prone positioning
Trials don’t hurt much
May do on table testing

Permanent’s are a small operation
Usually general anaesthesia
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