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Nociceptive pain and
beyond

Self in context:
Brain systems for conceptual thought

A psycho-behavioral intervention



In December 2005, | woke up from hysterectomy
surgery, and my world changed.

| had electrifying, shocking pain going through my
body, and my left leg was numb. ... my doctors told
me it was just the effects from anesthesia.

... When | went home, | was hurting everywhere. |
curled up on the couch, and | stayed on that couch for

16 months.

| had heart irregularities, metabolic syndrome...and
three kinds of migraine headaches.

| had so much pain that nobody could touch me.



What’s wrong"”?

Nociception



Ascending nociceptive pathways
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Sensitization in nociceptive pathways %E
Thalamus
T T comot nosT2

Diabetic pain model
Spontaneous activity: 9x increase

Thalamic Unit Firing
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A O | 57

Gain amplification: Sensitization
(stronger responses) in brain
synapses

Fischer, Tan, & Waxman 2006__\

e Larger receptive fields

* Responses to neurons that are
normally non-nociceptive

Waxman; Kuner; Flor; Devor; Ji; de Konick; Wang; Gereau; Carrasquillo; Neugebauer; Kato; many others



There is more to the story

Where is the pain?
The suffering?
The resilience?
The hope?

Do thoughts and emotions matter?



There is more to the story
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Surqical interventions for pain

gyrectomy (cingulotomy)
Frontal lobotomy
Thalamotomy
Mesencephalic tractotomy
Hypophysectomy (pituitary)
C.N.V

C.N. IX
Medullary tract

Il #? Trigeminal tract

"’?&~ 10, 11 Spinal cord

- 12  Sympathetic ganglia
\ N _} 13  Crossing STT fibers
e b/ 14 Zone of Lissauer
[ 15,16 Peripheral nerves or roots

6eriphera| blocks \

often effective for
immediate pain

Don’t work
consistently for

chronic pain

No interventions are

Qmsistently effectivej

Melzack and Wall, Science, 1965
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Back Pain
‘Core’

Regions of
Chronic Pain

(Baliki et al., 2006,
2008, 2011, 2014;

Callan et al., 2014;
Loggia et al., 2015)

(Azqueta-Gavaldon et al.,
2016; Schwartzman et al.,
2006; Baliki et al., 2012; GEha
et al., 2008)

(Maleki et al., 2011; 2012;
Russo et al, 2012; Grazzi et al.,
2010; Welch et al., 2001; Caso
et al., 2002; Schwedt &
Dodick, 2009)

(Napadow et al.,
2012; Harris et al.,
2009; Schmidt-Wilcke
etal., 2007)

‘ Sites of nociception

, Sites of pain processing
\Q beyond nociception

Reddan & Wager 2018, van der Miesen, Lindquist, & Wager 2019



What’s wrong"”?

y

The fear-avoidance model of pain
Johan W.S. Viaeyen*, Geert Crombez, Steven J. Linton

Fear & Avoidance

Nociception

Lethem 1983; Vlaeyen 2000; Leeuw 2007, Sullivan 2001; Wideman 2009
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What’s wrong"”? I %‘

Fear & Avoidance

Pain conceptualization

Nociception




Fibromyalgia:
Alterations in other pathways beyond pain transmission

Evoked Alterations in pain- Multisensory
hypersensitivity regulatory systems responses

Fibromyalgia Controls
4.5kg/cm? 4.5kg/cm?

Immediate paip systems Medial frontal cortex Altered responses to
hyper-responsive becomes pro-pain audiovisual stimuli

O accuracy for
0 fibromyalgia vs. controls

Lopez-Sola et al. 2017



Fibromyalgia:
Alterations in other pathways beyond pain transmission %

Alterations in pain-
regulatory systems

Normally anti-pain

Medial frontal cortex
becomes pro-pain

.......... = shell-like

..........

i - - i .
m core like

Woo et al. 2017, Nature Comms
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Medial prefrontal cortex and ‘default mode network’ in chronic pain | &=
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Pro-pain associations across multiple types of pain

n \ (Positive correlations Predicts transition to Shift to more pOSItIVewflncreased oonnectivitwalncreased connectivity\

; |ati ith : o
with spontaneous chronic back pain evg;?igg;;glgia with insula, cingulate in with posterior insula,
@ back pain N . failed back surgery back pain
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Pain behavior in animals

Lee 2015, Martina 2010;
Dale 2018; Schwartz &

Fields 2018; Wang 201 y

<

6 2=425
DIRECT SEARCH

T N A & :
\ Baliki et al. 2006 ! Baliki et al. 2012 E Lopez-Sola et al. 2017 Kornelsen et al. 2073)\ Loggia et al. 2013 )

See also: Napadow, Harris, Clauw, Jenssen, Apkarian, others



Pain genesis and modulation: Changing views

Descending inhibition and facilitation

VTA;AMY NAC

OP)—F'DA

-

Threat cues

Drug- /
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Splnal cord

Hunger

/ .P AG Pursuit motivation
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\‘ICB—P OP<—CCK<— ‘Nocebo’ anxiety

Safety cues
‘Social’ context:

Maternal bonding

-

Touch

From inhibition to contextualization

Decision-making
Behavior change
Psychopathology

)

Behavior change
Smoking, eating
Falk et al. 2011,

Autonomic regulation
Immune interactions

[y
Beissner 2008;
Gianaros 2015; Geuter
2017; Kraynak 2018;

\ Demos et al. 2012 )

Wager & Atlas 2015
Heinricher & Fields 2013

Roberts lab 2020

Context:
Prior beliefs &
Predictions

Descending control: Porrecca, Wager & Atlas, 2015 Nat Rev Neuro; Fields 2004;
Vanderah, Navratilova, others Heinricher & Fields 2013; Altier & Stewart 1999; Willis
& Westlund 1997; Seth 2015; Feldman Barrett



What to approach, what to avoid?
A circuit for avoidance learning

N learning
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|
|
|
|
|
Aversive
YA
prediction
. /
'T error
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event

Roy et al. 2014, Nature Neurosci



What to approach, what to avoid?
A circuit for avoidance learning

‘Fear’ learning:
An adaptive short circuit. ..

...but...

increases pain salience,
attention, expectancy

In chronic pain:

Overgeneralized avoidance
Lack of corrective experience

e.g, Meulders, Viaeyen, Crombez

o

Avoidance

N\ learnin
Prediction <= = = = = 9

Cues Aversive
Stimuli, Actions event

Roy et al. 2014, Nature Neurosci



Medial prefrontal cortex and avoidance learning
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Roy et al. 2014, Nature Neurosci
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It matters what you think %

Alterations in pain-
regulatory systems

Involved in cognitive regulation of pain and emotion

- o O
(5
o

Cognitive _ .
S regulation » Pain rating

becomes pro-pain —— Woo et al. 2015 PLoS Biol

Medial frontal cortex

Anticipatory anxiety: Wager 2011; Catastrophizing: Seminowicz /Davis 2010, Lee / Napadow 2018




Roadmap

Nociceptive pain and
beyond

-~

Self in context:
Brain systems for conceptual thought




vmPFC and the ‘meaning response’ 4

s W A
Conceptual pattern 2

generators: X
Situational schemas

A web of meaning
Influencing pain construction
At multiple levels of body-brain axis
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Relief Doctor
Disability
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Fight, escape, Abili
submit, pursue, blllty

lliness
recover, etc. Support Family/
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Roy et al. 2012, TICS; Geuter et al. 2017, Ann Rev Neurosci; Koban et al. 2017, 2021 (in press); Craig,; Bandler; Saper; Moerman; Feldman Barrett



vmPFC and the ‘meaning response’ ' %

Self-in-context:
How we conceptualize ourselves in our current situation

Interactions across multiple networks

yia. . Social cognition,
Interoceptive theory of mind f
Semantic memory
context ‘Default mode’ é

and conceptual
network processing

‘self QPR
referential’ "%

’Salience’

network ‘Fronto-parietal’

network

Koban et al. 2021 (in press)
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Pain as a multimodal construction %

Projected
harm & tissue
damage

Projections
/_ (beliefs)
Similar construction process as

other affective/motivational
States, but different contents

J

Current state

Memory,

! ! assoolat|on ]
| 5 , Beliefs about
! harm &
damage
v v v

reflexes protection, avoidance

escape,
Koban et al. 2021, Nat Rev Neurosci attack



Pain as a multimodal construction

Sensory
context

Current state ]—<

_J Memory,
ﬁ association
v

v v
reflexes protection, avoidance
escape,

Koban et al. 2021, Nat Rev Neurosci attack

Nociception

Projections
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Pain conceptualization and brain-body interactions %

Descending Attention Prediction
facilitation Salience (anticipated pain)

NoG . R Self-in-context state
ociception L Predicted damage/disability

B o d ‘Structural’ Autonomic
Y musculoskeletal issues dysregulation
Local
inflammation

Systemic Vascular, lymphatic
inflammation health

Behavior

Avoidance

Disuse, protection
Deconditioning




Chronic pain: A shift in meaning

NPS: Wager et al. 2013, NEJM 7

Peripheral or spinal

Sensitization over time

Fear and avoidance systems
Fronto-striatal pathways

eeeeeeee
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CU Boulder Chronic Back Pain Study

Pre-treatment

Randomization
1 month trealtment period

~\
No Treatment
- N =50 randomized
- N = 47 completers y
N

Open-label placebo injection
- N = 51 randomized
- N = 44 completers

\.

N
Psychotherapy

- N = 50 randomized

- N = 44 completers )

Post-treatment




Pain Reprocessing Therapy

* Explanation (narrative): Pain is a “false alarm;” central sensitization, not
tissue damage

* [Expectation: You can be ‘cured.’ You can ‘teach the brain’ that
sensations it is interpreting as dangerous are actually safe.

» Exposure: (1) Somatic and emotional awareness without appraisal of
harm; (2) movements that challenge/increase pain

« Engagement: Increased physical activity, return to activities

Howard Schubiner, M.D. ~ Alan Gordon, LCSW Christie Yoni
Director, Pain Uipi Ashar,
Psychology Center, Ph.D.
L.A.

Lumley and Schubiner, 2018



Average pain over the last week 'g@
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Ashar et al., under review Error bars show within-subject standard error
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Pain percent change from baseline

S 50
[0)
@
o - Worse
S Better
S -50
C
©
L
&)
NS -100 -
No Tx PLA PRT
Avg % improved: -19% -35% -72%

Ashar et al., under review
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Pain percent change from baseline
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Benefits persist at 12-month followup
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Effects of PRT on brain construction of pain %

Evoked Pain Spontaneous Pain
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Changes with biobehavioral treatment

* Reverse pain-promoting narrative

» Sustained reinterpretation of sensation and pain over time
+ Normalize somatic sensations; can experience without fear
* Renewed activities



Summary

Nociceptive pain and
beyond
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Brain systems for conceptual thought

A psycho-behavioral intervention



“In spite of this importance of pain, it
is astonishing how little we
understand pain, but how confident
we are of our knowledge of pain.”

George Engel
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Chronic back pain team %
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