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DEMOGRAPHICS



DEMOGRAPHICS OF PAIN

Pain has a definite association with:
Age

Gender

And some other things



PAIN IS AN INCREASING PROBLEM

Mainly because its age related.



CANCER PAIN IS A BIG CONTRIBUTOR

Survival is improving.

Pain is increasing. Due to
The underlying cancer

Surgery pain

Radiotherapy

Chemotherapy



BUT THE CURE COMES AT A COST



SUMMARY OF DEMOGRAPHICS

Pain is a growing problem
Opioid treatments have been rising

Deaths are rising with and from this

We are getting older
More age related diseases that cause pain

Degenerative diseases

cancer - with more cancer survivors



HISTORY AND POLITICS



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


AUSTRALIAN GOVERNMENT

Changes to opioid prescribing
Second opinion for longer term opioid use

Restrictions on fentanyl patches

Real time prescription monitoring



FACULTY OF PAIN MEDICINE
- RECOGNITION OF CHANGE

Generational change in the FPM against high dose opioids
LACK OF EVIDENCE OF BENEFIT/ EVIDENCE OF HARM

Drive to look at alternatives
Non-opioids and non-traditional opioids.

Procedural interventions



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



TOLL LIKE RECEPTORS

Part of innate immune system
Pre-formed response to pathogens

Present in most species

Modulate an inflammatory response

TLR-4 is preformed towards 
lipopolysaccharide as a target.

RECEPTOR LIGAND

TLR-1 BACTERIAL LIPOPROTEIN

TLR-2 GRAM POSITIVE BACTERIA

TLR-3 VIRUSES

TLR-4 GRAM NEGATIVE BACTERIA

TLR-5 TOXOPLASMA

TLR-6 MYCOPLASMA

TLR-7 RNA VIRUSES

TLR-8 RNA VIRUSES

TLR-9 BACTERIA, DNA VIRUS

TLR-10 ???

TLR-11, 12 TOXOPLASMA,

TLR-13 BACTERIAL RIBOSOME



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



SUMMARY

Pain messaging is modulated at the spinal cord level

Glutamate is the main pain messenger

Removal of glutamate messaging is impaired with 
neuroinflammation

Opioids cause neuroinflammation, probably via TLR-4 activation.



DO OPIOIDS WORK?



EFFICACY OF OPIOIDS

Clearly effective in acute pain
Good Evidence base

Duration of therapy?

HTTPS://WWW.ANZCA.EDU.AU/APSME5



OPIOIDS FOR
CHRONIC NEUROPATHIC PAIN

Opioids do provide clinically relevant pain relief (>50% 
reduction) in some neuropathic pain conditions.

Very limited evidence base

Not always generally applicable

Only for some people

Need to discount placebo response.

Sommer S et al. Opioids for chronic non-cancer neuropathic pain. An updated systematic review and meta-analysis of efficacy, tolerability and 
safety in randomized placebo-controlled studies of at least 4 weeks duration. Eur J Pain. 2020;24:3–18. 

DOI: 10.1002/ejp.1494 



OPIOIDS FOR CHRONIC PAIN

Opioids do work - for some people
Good Evidence base

Efficacy decreases over time

Subgroup do benefit.

In this study significant reduction in 
temporal summation of pain

Van De Donk T et al. Tapentadol treatment results in long-term pain  relief in patients with chronic low back 
pain and associates with reduced segmental sensitization Pain Reports 5(2020) e877

http://dx.doi.org/10.1097/PR9.0000000000000877  



ARE THEY ALL THE SAME?

More likely to get long term response with some opioids in 
some people.

SAFETY AND EFFICACY OF THE UNIQUE OPIOID BUPRENORPHINE FOR THE TREATMENT OF CHRONIC PAIN 
PERGOLIAAI JR AND RAFFA.  JOURNAL OF PAIN RESEARCH 2019:12 3299–3317 

HTTP://DOI.ORG/10.2147/JPR.S231948 
Meta-analysis 33 studies - mostly transdermal buprenorphine 



SIDE EFFECTS ARE QUITE DIFFERENT



ARE OPIOIDS SAFE?



OPIOIDS ARE NOT ALL THE SAME

Mortality figures (amongst other data) do seem to vary 
depending on opioid used.

The Comparative Safety of Opioids for Nonmalignant Pain in Older Adults  
Solomon D et al. Arch Intern Med. 2010;170(22):1979-1986 



SOME PEOPLE ARE AT INCREASED RISK

Well established social risk factors
Familial abuse

Drug and alcohol use history

50% of risk is environmental

There are underlying biological 
drivers for opioid risks

Borderline Personality Disorder has 
different μ opioid receptor expression

Dysregulation of Regional Endogenous Opioid Function in Borderline Personality Disorder 
Prossin A et al. Am J Psychiatry 167:8, August 2010 



REDUCED LIFE EXPECTANCY

Substantial reduction in life expectancy in people on long term 
opioids.

Approximately 6x mortality compared to population in one 
study

Large impact in younger people

Lewer D et al. Journal of Psychiatric Research
Volume 130, November 2020, Pages 435-440
https://doi.org/10.1016/j.jpsychires.2020.08.013

https://doi.org/10.1016/j.jpsychires.2020.08.013


WORSE OUTCOMES WITH SURGERY

Chronic opioid use prior to abdominal surgery is associated with
Longer length of stay

Higher cost of hospitalisation

More complications

More readmissions

No change in discharge destination

Annals of Surgery. 2017 Apr; 265 (4) : 695-701.

Preoperative Opioid Use is Independently Associated With Increased Costs and Worse Outcomes After Major Abdominal Surgery.



OPIOID SAFETY

Opioids are not equally safe for all people

Not all opioids are equally safe

Longer term use carries higher risk

Higher doses carry higher risk



IS IT SAFE TO STOP OPIOIDS?



RISKS OF STOPPING
Evidence for cessation of opioids is 
mixed.

Risk of harm exists.

Increased risk of suicide

Worse if treated for longer

BMJ 2020;368:m283 | doi: 10.1136/bmj.m283 



ARE THERE ALTERNATIVES?



DIABETIC NEUROPATHIC PAIN

Effect of High-frequency (10-kHz) Spinal Cord 
Stimulation in Patients With Painful Diabetic 
Neuropathy

Petersen EA et al.
JAMA Neurol. 2021; 78(6):687-698

Probably treating ischaemia as well as 
neuropathic pain.



SUMMARY
THE PROBLEM WITH OPIOIDS

They work well for some things

Mostly shorter term acute and cancer pain

They work much less well for chronic pain

But they still work for some

Not all opioids are the same

Stopping opioids carries a risk

They cause neuro-inflammation and pain


