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PAIN AND YOUR BRAIN

Mental Health & Peripheral Neuropathy
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Objectives

By the end of this presentation, learners will be able to:

1. Develop a basic understanding of the ascending & descending pathways of the
somafosensory nervous system

2. Appreciate basic mechanisms involved in the chronification of pain including central
and peripheral sensitization

3. Recognize the relationships between physical and psychiatric symptoms in chronic
ilIness

Apply the biopsychosocial model in the treatment of peripheral neuropathy

5. Practice self-management of peripheral neuropathy symptoms




Outline

o History, definitions and core concepfs

o Organization of nervous system
o Classification and pathophysiology of neuropathies
o Ascending & descending somatosensory pathways

o Central & Peripheral Sensitization, Gate control theory
o Psychiatric comorbidities and effect on treatment outcomes

o Treatment & self-management
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FOUNDATIONS

Understanding the nervous system, neuropathy, and
neuropdathic pain




History of Neuropathy

o First conceptualized by Persian physicians during Islamic Golden Age

o "Vgja al asab”
o Numbness, tingling, needle-like; connections with stroke
o Nerve Injuries viewed as more painful than others

o Further built upon in 18th & 19t centuries

o Injuries of Nerves & Their Consequences (1872)
o Neuralgia, “causalgia™ aka CRPS

o Term “neuropathy” coined in 1924 (Gr neuro + pathy = nerve sutfering)

o “Modern age” of neuropathy beginning with gabapentin RCTs in 1998

o Affects ~30 million Americans (~10%)

Atftal et al. 2023



i D) IASP
Definitions @ R THE ST oF A

Neuropathy = a disturbance of function or pathological change in a
nerve/nerves

o One nerve - mononeuropathy

@)

o Severadl nerves 2 mononeuropathy multiplex

o Diffuse & bilateral 2 polyneuropathy



Mervous system

Central nervous system
(brain and spinal cord)

Peripheral nervous system

Autonomic nervous system Somatic nervous system
(communicates with internal (communicates with sense organs
organs and glands) and voluntary muscles)

Sympathetic Parasympathetic Sensory (afferent) Motor (efferent)

division division Nervous system nervous system
(arousing) (calming) (sensory input) (motor output)

https:.//www.researchgate.net/figure/The-central-nervous-system-CNS-and-peripheral-nervous-system-PNS-source_fig1_317485174



Nervous system

- Central nervous system
-, (brain and spinal cord)

Peripheral nervous system

Autonomic nervous system Somatic nervous system
| (communicates with internal (communicates with sense organs
| organs and glands) and voluntary muscles)

Sympathetic Parasympathetic Sensory (afferent) Motor (efferent)
division division nervous system nervous system

(arousing) (calming) (sensory input) (motor output)

https:.//www.researchgate.net/figure/The-central-nervous-system-CNS-and-peripheral-nervous-system-PNS-source_fig1_317485174



Autonomic nervous system Sensory (afferent) Motor (efferent)
(communicates with internal nervous system nervous system
organs and glands) (sensory input) (motor output)
Autonomic Sensory Motor
o Variable o Variable o Muscle
> Heart rate, blood > Vibration, touch, weakness
pressure, digestion, proprioception;
sweating, sexual fxn temperature & pain

Physical Symptoms of Neuropathy




Pain processing

Somatosensory Anterior Cingulate
Cortex , Cortex

Insular
Cortex

Cortex Thalamus -

Midbrain
Dorsal column
nuclei
Medulla
Aa or AB fibers

Spinothalamic tract

A
7

Primary afferent
nociceptors

Spinal Cord

‘ / C or AS fibers

https://courses.lumenlearning.com/waymaker-psychology/chapter/reading-touch-and-pain/

Ascending SS Pathway

o Ad + C fibers - spinothalamic tract

o Pain & temperature
o SLOOOW

o Aa + AP fibers =2 dorsal column

o Touch, vibration, proprioception
o FAST!

o Gate control theory*

o COoNsCIous awdareness: memory &
learning, behavior modification



Somatosensory Parnway

Sensory / Discriminative Affective / Motivational

o Where does it hurte o How much does if hurte

o Lateral thalamus o Medial thalamus

o Somatosensory corfex o Anterior cingulate cortex, insular

cortex, prefrontal cortex,
amygdala

Adapted from Higgins & George, The Neuroscience of Clinical Psychiatry



Thalamus :

Descending Pathways

Cortex
. Amygdala
o Serotonin and e Decreqsed
norepinephrine attention
released from S .
midbrain
l o Positive
emotiondl Medulla : o
o Release of state &
[e] Dorsal Root
ehdpgenous oploids | - i
within spinal cord X
Spinal Cord |

Dorsal Horn

\

Decreased pain

https://courses.lumenlearning.com/waymaker-psychology/chapter/reading-touch-and-pain/



More Definitions

o Pain = an unpleasant sensory and emotional
experience associated with, or resembling that
associated with, actual or potential tissue damage

o Neuropathic Pain = pain caused by a lesion or
disease of the somatosensory nervous system

o Cenfral neuropathic pain (if in CNS)
o Peripheral neuropathic pain (if in PNS)

Somatosensory

Cortex

Insular
Cortex

Cortex Thalamus

|AS

P

INTEENATIONAL ASSOCIATION
FOR THE STUDY OF PAIN

_ Cortex

Midbrain

Medulla

Spinothalamic tract

Spinal Cord

.

h O

g

W

Anterior Cingulate

Dorsal column
nuclei

Aa or AB fibers

Primary afferent
nociceptors

C or AS fibers



Causes of Peripheral Neuropathy

Inherited Acguired

o Charcot-Marie-Tooth & subtypes o Injury/trauma

o Many others involving various genetic o Diabetes mellitus
mutations

o Nerve-specific autoimmune (GBS, CIDP)
o Other autoimmune (SLE, RA, Sjogren’s)
o Decreased blood supply (vascular disease)

o Drugs — HIV, chemotherapy

o Toxins €.g. agent orange, alcohol abuse
o Vitamin deficiency

o Infections (e.g. shingles, leprosy, lyme)
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Central Sensitization

Voo rvnlt vynryliem
L AT Ll oy B L :_JI.--\_-'

Nociceptor A-delta & C fibers

Spinal cord

A

W

o “Wind-up”
o Hyperalgesia = decrease pain threshold

hitps://nncionline.org/course/find-it-draw-it-know-it-pain-circuitry/



Central Sensitization

Dorsal root ganglion
Nociceptor A-delta & C fibers

Spinal cord
a-bela hber

/ Sympathetic

J

O AIIodynia

hitps://nncionline.org/course/find-it-draw-it-know-it-pain-circuitry/



Central & Peripheral Sensitization

Response with lowered Normal response
pain thresholds =

=
\ P
V4
i*""
Sensitization

/
/|

Hyperalgesia

Pain Intensity

Allodynia

Stlmulus lntenmty —}

https://www.researchgate.net/figure/Hypothesized-sensitization-process-The-normal-response-curve-double-line-portrays-the_figl1_281139768



Central Sensitization

Noxi@wu\us - signal = brain = PAIN!

o Chronic stress
o Increased sympathetic nervous system activation
o Increased activation of HPA axis (stress & cortisol)

o Can OoCcur in many organ systems



C e n "'rO ‘ 1. | feel tired and unrefreshed when | 14. 1 have skin problems such as
wake from sleeping. dryness, itchiness, or rashes.

S e n S i 'HZO -H O n 2. My muscles feel stiff and achy. 15. Stress makes my physical symptoms
3. | have anxiety attacks. get worse.
| n v e n -‘-O ry 4. 1 grind or clench my teeth. 16. | feel sad or depressed.
5. | have problems with diarrhea and/or 17.1 have low energy.
constipation. 18. 1 have muscle tension in my neck
o Restless leg syndrome 6. | need help in performing my daily and shoulders.
o Chronic fatigue syndrome activities. 19.1 have pain in my jaw.
7. 1 am sensitive to bright lights. 20. Certain smells, such as perfumes,

o Fibromyalgia :
Ydig 8. | get tired very easily when | am make me feel dizzy and nauseated.

o Temporomandibular disorder physically active. 21.1 have to urinate frequently.
o Migraine 9. I feel pain all over my body. 22. My legs feel uncomfortable and
. restless when | am trying togo to
o |rmtable bowel syndrome LA e sleep at night.
. . S 11. 1 feel discomfort in my bladder and/
o Multiple chemical sensifivities or burning when | urinate. 23. | have difficulty remembering things.
o Neck injury (including 12.1do not sleep well. 24. | suffered trauma as a child.
whiplash) 13.1 have difficulty concentrating. 25. 1 have pain in my pelvic area.

o Anxiety or panic attacks

Mild: 30 to 39 Severe: 50 to 59

o Depression Never | Rarely ‘ Sometimes | Often | Always Moderate: 40 to 49  Extreme: 60 to 100
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CHRONIC ILLNESS AND
PSYCHIATRIC COMORBIDITIES




Psych comorbidities

O

O

O

O

Anxiety
Depression
Sleep
Catastrophizing

Bidirectional relationship

Chronic Pain

o Including PN



Emotional Aspects of Neuropathic Pain (2017)

o Compared o chronic pain w/o neuropathy, pfs with neuropathic pain
experience:

o Worse health-related QOL

o Greater psychological distress

o |[ncreased interference with sleep
o Greater disabillity

o Affective disturbances are common
o Depression, lack of joy, social withdrawal
o Anxiety, stress - fear & avoidance cycle
o |[nsomnia



Fear-Avoldance Cycle

INJURY
o Feed-torward loop NECONDITION
/1 LOW MOOD
. . . DISABILITY
0 Ind|V|duo.Is with higher self— AVOIDANCE OF MOVEMENT
rated pain tend to experience HYPERVIGILANCE
more fension/anxiety T PAIN EXPERIENCE

PAIN-RELATED FEAR

\ CATASTROPHISING
(THINKING THE WORST)

T

NEGATIVE EMOTIONS /
NEGATIVE BELIEFS ABOUT THE SYMPTOM



Thalamus

Emotional Aspects of
Neuropathic Pain (2017/) Cortex

Amygdala
o Depression Is predictive of pain,
even more so when pain is Midbrain PAG
neuropathic
: Medulla
o Antidepressants (TCA & SNRI) able to
help two-fold: SR
1. Painitself (via descending pain // Ganglion
pathway)
2. Mood disturbances exacerbating Spinal Cord
Dorsal Horn

the pain



Emotional Aspects of Neuropathic Pain (2017)

o [Insomnia — frouble falling & staying asleep

o Sleep deprivation has bidirectional relationships with:
o Pain threshold
o Mood disturbances
o Anxiety

o SImultaneous freatment of
comorbidities Is best




Bottom Line

When psychological factors are not addressed:

Patients recelve suboptimal care
AND

Have suboptimal treatment outcomes



Catastrophic Thinking

o Imagining the worst possible
outcome of an action or event

i% J o An exaggerated negative mental
b = state experienced during actual or
anticipated pain
i/—\ /b\/v o = PANIC

https://creakyjoints.org/living-with-arthritis/mental-health/10-ways-to-curb-catastrophizing/ O C O g n I-l-lve d ISTO rl-l O n é m O d Ifl G b | e !



Not at Toa Toa Toa All the
all slight moderate great time
degree degree degree
I worry all the time about whether the pain will end 0 1 2 3 4
I feel I can’t go on 0 1 2 3 4
It’s terrible and I think i1t’s never going to get any 0 1 2 3 4
better
It’s awful and I feel that it overwhelms me 0 1 2 3 4
I feel I can’t stand it anymore 0 1 2 3 4 . °_o .
: > Pain catastrophizing is
I become afraid that the pain will get worse 0 1 2 3 4 OSSOCIOTed WITh:
o Greater pain
I keep thinking of other painful events 0 1 2 3 4 =
o Corfical changes that reinforce
| _ states)
I can’t seem to keep it out of my mind 0 1 2 3 4
o Poor response 1o medical
I keep thinking about how much it hurts 0 1 2 3 4 treatments
I keep thinking about how badly I want the pain to 0 1 2 3 4
stop
There’s nothing I can do to reduce the intensity of 0 1 2 3 4
the pain
I wonder whether something serious may happen 0 1 2 3 4
'www.oregon.gov/oha/HPA/dsi-pomc/PainCareToolbox/Pain%20Catastrophizing%20Scale.pdf
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CHRONIC ILLNESS & PAIN:
A CONCEPTUAL MODEL




Mind-Body Buetism
@

OR

D

o Reductionist biomedical model

o That which could not be explained
conveniently "psychiatric” in origin

o Gate control theory, neuromatrix theory,
descending modulation of neuropathy
sx demonstrated this is not true

“Of course U Ly all happening nsioe your
Hrot UF 8 ot real?’’
-J.K. Rowling
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SMALL FIBER INPUT | LARGE FIBER INPUT
= GATE OPEN = GATE CLOSED

Open the Gate - Increase Pain Close the Gate — Decrease Pain
1. Stress and Tension 1. Relaxation and Conftfentment
o Anxiety/worry, anger, o Happiness & optimism
depression o Self-regulation to decrease stress

o Bodily tension

2. Mental Factors

2. Mental Factors o Active participation in life
o Aftention o Distraction with other things
o Boredom

3. ACTIVItY — regular exercise

3. Lack of Activity
o Sedentary lifestyle 4. Other Physical Factors
o Medications

o Counter-stimulation (e.g. heat, massage, TENS,
acupuncture).

Gate Control Theory



Neuromaltrix Theory

Input

Neuromatrix

hitps:.//www.researchgate.net/figure/The-concept-of-the-neuromatrix-theory-for-pain_fig2_230792540



ENGEL'S LOESER'S
CONCEPTUAL MODEL OF ILLNESS CONCEPTUAL MODEL OF PAIN

Nociception

hitps:.//www.practicalpainmanagement.com/treatments/psychological/biopsychosocial-approach
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https://physioguru.com/physiotherapy-blog/onion-rings-model-of-chronic-pain



Managing Chronic Neuropathic Pain:
Recent Advances & New Challenges (2022)

Qutenzo
Mirogabalin
lpidacrine
Bumetanide
Minocycline
Agmatine sulfate
IVIG

Topical CBD all

Dextromethorphan
post-ketamine

Cetuximab

Nano curcumin
PF-06372865

Topical Fisionerv
_.acosamide
ntrathecal baclofen
Sodium nitrite SR
Alpha-lipoic acid
Lidocaine infusion
1-4 chlorokynurenine
Topical turpentine oll
Dronabinol
Neublastin

Botulinum foxin A
Cebranopadol

BGOOO10 (neurotrophic
factor)

Sativex
Topical ketamine

Neurostimulation &
neuromodulation

Epidural motor cortex
stimulation

SCS

DBS

Peripheral n. stimulation
TENS

Electroceuticals

rTMS

tDCS

Remote electrical
neuromodulation

o Immersive virtual

reality

o BreEStim

o Scrambler therapy
o Optogenetics

o Photon s’rimulc’riqn

(pulsed infrared light)

o Vibration stimulation

o Molecular modalities
o Stem cell transplant
o Oxygen & ozone

therapy

o ApTivo



Treatment of Chronic Pain

o As with other chronic illnesses, It is managed, not cured

o Multi-disciplinary approach targeting all areas of the onion

o Holistic
o Self-ma
o Goalls

nagement

Improved functionality

Before you heal someone, ask him if he’s willing to give up
the things that made him sick.
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https://www.geni.com/people/Hippocrates/6000000011410012323
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COPING WITH
PERIPHERAL NEUROPATHY




Dealing with any Diagnosis

May be more or less challenging based on:

1. Degree of predictabillity 4. Degree of monitoring required
o Relapsing-remitting, waxing-waning, or o Offen intense at onset, then less
chronic progressivee frequent
o Feelings of insecurity, mpending doom o Fatigue (patient, family, care team)
2. Degree of disabllity 5. Certainty of prognosis
o How much does it interfere with your lifee o 25% of PN pts may never find

underlying cause

3. Stigma
o Of an “Iinvisible illness”



Response 1o lliness

1. Crisis

o ACuUTe response
o Most do well here

2. lsolation
o Less attention, feel forgotten by others
o YOU reaching out to others

3. Anger
o At God?¢ Yourselfe

o Perceived anger from others (tamily,
friends, medical team)

o Suicidality common

Reconst-

7 ruction

Intermittent
Depression

Renewdl



| | MAN’S
Existential Struggles SEARCH
Why me? FOR

o FInd your own answer M EAN I N G

o Make peace with If, and move on to another question
VIKTOR E.

What now?

o FiInd meaningful things on which to focus your

WITH A NEW FOREWORD BY

attention that are not the suffering

“He wiro lhas oo winy to- live can bear alimost
oy ows’’

~-Fruedviei Nietzsere N

hitps.//www.amazon.com/Mans-Search-Meaning-Viktor-Frankl/dp/080701429X



] Things | can no |
e.d. running
longer do

Things | couldn't do

before but can now e.g. time for hobbies

3 Things | do the same
Qs before

A Things | can still do, e.g. go to the mall, but
but differently need a wheelchair

5 Things | can do
differently, just not yet

e.g. watching a movie

e.g. go to a game



Navigating Changing Roles

o Ask yourselt — exactly what was it about your previous life/activities that was

Most enjoyablee How can you maintain thate

o Try something hew
o Stop beating yourselt up

o Set small, SMART goals*

o Short, medium, and long-tferm

o |f you're feeling overwhelmed, be direct

o Don’t just do something, stand there



SMART Goals

V)

Attainable

The goal is
challenging, but
should be
achievable with
the resources

available.

https://www.bitesizelearning.co.uk/resources/smart-goals-meaning-examples



Common, but not normadal

o While depression and anxiety are common responses to having a chronic

painful iliness, that doesn’'t mean you have to ‘just deal with it’

o Distress Is distress, and distress is freatable!l

o Recognize the symptoms, ask for help, don't be embarrassed

o Improved outcomes when mental illinesses are treated



Drink
Comfortable relaxation

water exercises Spend time
mattress outside
and bedding
Go to bed and Helpg you Read a book
get up at |. in bed
the same time R sSLeep
every da -
b ;ﬁdﬁe'"ﬂ Have an early
alcohol light dinner
at night
Coffe and
chocolates Foar Stay indoors
after quality all day and do
dinner bedding no exercise
K 5trq51.1 and
Hot bedroom EEPE yuu S
with no air EVVELG
circulation Ty
Go to bed ot tablet or
whgn Lie in bed for phone
you re not hours getting ik bad
tired stressed

hitps://www.freshmednyc.com
/fresh-blog/what-is-sleep



Relationships

o Chronic illness is not only an individual issue, but an interpersonal one
o Fear of losing friends, being dumped by loved ones

o Good social supports make a big difference in how the ill person copes

o Stay connected!

Avolid Self-Fulfilling Prophecies

o The way we view ourselves Is often what we project to others — when we perceive that

they also identity with this view, It further reinforces our view of ourselves



Thoughts
create
feelings

Behavior | Feelings
reinforces Create
thoughts o™ behavior

hitps://cogbtherapy.com/about-cbt



CBT

Situation
(What triggers the problem?)

Thoughts

(What goes through my head?)
"I'm not good enough”

Physical Reactions Emotions

(How does my body react?) (How do | feel?)
Feel tired, loss of appetite Worthless, anxious

Behavior

(What do | do?)
Avoid contact with others

hitps://www.online-therapy.com/cbt



ACT

Acceptance

Be willing to experience
difficult thoughts.

Commitment Cognitive
Take action to Defusion
pursue the Observe your
important things thoughts without
in your life. being ruled by them.

ACT

Psychological Flexibility

Values Being Present
Discover what is really Focus on the here
important to you. and now.

Self as Context
Notice your thoughts.

https://www.thrivetrainingconsulting.com/what-is-acceptance-and-commitment-therapy/



PERFORMANCE
TRIAD

Practical Strategies

o Sleep, activity, nutrition o Live In the moment — “the here
o Ensure adequate vitamin intake and now’”
o Fruits and vegetables, omega-3 fats > Mindfulness meditation
o Supp|efnen’[gg © ACCGDTOHC@ & Commitment
o Relaxation / stress reduction o Traditional East Asian Medicine
> Diaphragmafic breathing (Ujjayi} o Acupuncture/Acupressure
o Parasympathetic vs. sympathetic > Yoga
activation

o Visuadlization / guided imagery
o Progressive muscle relaxation




De-Catastrophizing Technigues

o Think about why you're having the thoughts

o Play it out
- Remember that thoughts are not facts
o Use realistic thought challenging
N

o Try the “chances are” method =

o Talk to the catastrophizing part of your brain o

- Give yourself space — /a\
o Preempt catastrophizing with wiggle room

o Practice “acceptance-commitment” therapy .

https://creakyjoints.org/living-with-arthritis/mental-health/10-
© G ro u n d yo u rse If ways-to-curb-catastrophizing/



Resources for You
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