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Pain and Opioids:

The Web of Anesthesia, Analgesia and Narcosis

* NIGMS-Anesthesia is a medical treatment that prevents patients from
feeling pain during surgery- implies loss of sensation.

* From Hippocrates ~ 300 BC

Anesthesia, [anaesthoetos] , used to describe parts of body that lose the

power of feeling, but mixed with descriptions of depressed level of
consciousness- case of a patient who “took no notice” [anaesthetos]

Analgesia- _IanalgetoiT] to mean insensible to gain in patient whois
lanesthetoi] also deaf to what is spoken and blind to what is happening.

Narcotic- [Narkoo],the word from which narcosis is derived means loss of
senses and to grow numb. Is used by Hippocrates along with [anaestheta

to indicate when very hot water can be used on a patient. In other texts the
words are used jointly.

Hippocratic texts frequently prescribe opium extracts for painful
gynecologic disorders. Referred to for both analgesic and sleep producing.

Greek philosopher Dioskourides (1% century AD) first uses the word
[anaesthesia] to describe the narcotic effects of the mandrake plant to
cause loss of sensation.

A statue of
Hippocrates stands at
the place where he
died, in Larissa,
Greece. (Image credit:
Georgios

Alexandris/Shutterstoc
k)



US History of Addiction after Opioids for PAIN

* In mid-nineteenth century opiates used to treat pain,
cough, neuralgia, alcoholism, insomnia, anxiety, fatigue,
diarrhea, etc.

* During Civil War- 10 million opioid pills distributed to
Union forces led to wave of addiction after the war.

. (1)8p_cl)l(J)m imports increased four-fold between 1840 and

* From mid to late 19" century drug use increased most
rapidly in women. By 1895 2/3 of opium addicts were
women treated for “female problems”

* In 1898 Bayer introduced heroin as a nonaddictive
analgesic

* By 1900 1/200 Americans were addicted to opioids OPIUN—THE POOR CHILD'S NURSE.

e 1914 Harrison Narcotic Act passed to regulate medical
opium




Balancing act of treating pain

* 100 million American adults have 40,000 Overdose Deaths
pain 35000 :E;%?;‘HSF“” Pl
“ll® . ’ —Heroin
* 40 million have severe pain 25,000 —Methamphetamine
20,000 —Cocaine

e 25 million report daily pain

* 8 million have pain that interferes
with lifestyle

25.3 million

American adults
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https://www.drugabuse.gov/about-nida/legislative-activities/testimony-to-congress/2016/americas-addiction-to-opioids-heroin-prescription-drug-abuse

Nature has placed mankind under the governance of two

sovereign masters, Pain and Pleasure- Jeremy Bentham

Brain regions implicated in pain and reward processing by neuroimaging and
electrophysiology studies who striking overlap.

Region

Lateral prefrontal
cortex

Anterior insula
Posterior insula

Orhitofrontal
cortex

Medial prefrontal
cortes

Anterior cingulate
gyrus

Dorsal striatum

Mucleus accumbens/
ventral striatum

Veantral pallidum

Thalamus

Hypothalamus
Midbrain
Amygdala
Hippocampus

Cerebellum

Brainstem

Pleasure/reward

* Humans, fMRL, taste reward'™

* Hurmans, IMRI, food cravings™
= Humans, H;O PET, chocolate reward™

L1

* Humans, IMRI, hypothetical rewar

= Humans, IMRI, pleasant touch™
= Humans, fMRI, chocolate reward

* Humans, H,O PET, pleasurable music™
* Humans, fMRI, monetary reward '™

= Monkeys, electrophysiology''?
= Humans, H,0 PET, chocolate reward™

# Humans, IMRL, ruit juice™
* Humans, IMRI, monetary reward'*

* Humans, fMRI and dopamine ligand PET?,

monetary reward

Fain

* Humans. H,0 PET, hyperalgesic pain "
= Humans, MR, pain'™

# Humans, IMRI, pain'®
= Humans, IMRI, placebo analgesia’™

= Humans. direct brain stimulation™
= Humans, IMRL pain'™

= Humans, IMRI, pain™
= Humans, MR, placebo analgesia'™

* Humans, IMRI, pain'*'*

= Humans. IMRL, pain'™
* Hurmane, opiaid PET*

* Humans, dopamine ligand PET, pain*
* Humans, MR, pain'*®

= Humans, dopamine ligand PET*
* Humans, MR, expectation of pain™

= Rodents, hedonic hotspat, taste reactivity = Rodents, pain-induced analgesia™

= Humans, dopamine ligand PET", drug
rewvard

* Rodents, taste reactivity ™

* Humans, H,0 PET, checolate reward™

= Humans, HIO PET, pleasurabe music'™’

* Humans, H,0 PET, chocolate reward™
* Humans, H,0 PET, pleasurable music®

= Humans, H.O PET, pleasurable music*
= Primates, reward anticipation/learning™

* Humans, IMRI, unexpected reward'”!
* Humans, H.O PET, pleasurable music™

» Humans, fMRI, unexpected reward'

* Rodents, taste reactivity'*
* Rodents, conditioned place preference™

* Rodents, tracing, pain affect’
* Humans, ji-opieid PET, sustained pain *

» Humans, IMRI, placebo analgesia™

* Rodents, tracing of nociceptive pathway ™
# Humans, direct brain stimulation**

* Humans, MR, anticipation of pain''®
* Humans, IMRL, pain'™

* Humans, MR, pain™'

* Humans, MR, pain'**
* Humans, IMRI, anticipation of pain''®

= Humans, fMRI, pain'®

* Humans, IMRI, pain'*
* Rodents, pain®

Mature Reviews | Meurascience



Facing Opioid Overuse Disorder in Pain Management

* The Challenging Questions:

* How to best prescribe opioids to patients with pain who are at high risk for
developing opioid misuse.
* Alcohol, cocaine, or other substance abuse, chronic use of benzodiazepine

* Past history or family history of substance use disorder, sexual abuse, peer group OUD,
mental health disorder, history of sexual abuse

* Pain catastrophizing- irrationally negative fore-cast of future events, pain related worry
and fear, feel hopeless in the context of pain, consumed by thoughts of pain anticipation

* How to differentiate patients without a painful condition who complain of
pain seeking opioids for other reasons?

* How to best avoid prescribing opioids that are diverted and sold for profit?




Facing Opioid Overuse Disorder in Pain Management

* The Challenging Questions:

* How to best treat patients presenting with pain and an opioid overuse disorder?

* Patients with a painful condition- estimated at 20% of those treated for pain with opioids
* How to distinguish worsening pain frequency/intensity vs. drive to obtain “rewarding effects”?

* 85% of those with prescription OUD have a chronic pain condition

* Physicians frequently “distrust” that patients indeed suffer from “genuine pain,” due to
previous encounters with manipulative “drug seekers”. This negative regard leads to
undertreatment of pain.

* How to negotiate treating patients with concomitant disorders such as
anxiety/depression/catastrophizing to which opioids are perceived to provide relief?

* How to manage patients with chronic pain who are “noncompliant” with prescribed opioids?

* They are commonly dismissed from medical practice, but then seek another physician, or
obtain opioids illegally.

* How to coordinate the complex care of persons with pain and OUD?



Why is pain treatment so challenging?

Chronic pain is often set in a web of disorders contributing to disability
Medical Conditions

Fatigue/Cognitive

/ Anxiety

- Depression

\ Medication Overuse

Alcohol Abuse

Inactivity

Obesity ~———— gedentary life-style
Sleep Disorder



Patient Burden is Comples and Extends Beyond Pain

Mental health

Fatigue and cognition
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The Problem @ The Ground Level: Primary Care.

INNOVATIONS IN EDUCATION

Primary Care Provider Concerns about Management of Chronic Pain in Community
Clinic Populations

Carole C. Upshur, EQD," Roger S. Luckmann, MD, MPH," Judith A. Savageau, MPH'

'Department of Family Medicine and Community Health, University of Massachusetts Medical School, Worcester, MA, USA.

e Studies about primary care treatment of chronic
pain report providers feel they have inadequate
training, limited confidence in their ability to
provide effective treatment, and a low level of
satisfaction with their care of chronic pain patients.

* 81.5% of primary care physicians rated their
undergraduate medical education in chronic pain as
insufficient, with 54.7% rating their chronic pain
training as residents as insufficient.

POSTGRADUATE MEDICINE, 2017
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Chronic pain management in medical education: a disastrous omission
John D. Loeser* and Michael E. Schatman®

Pain Education in North American Medical Schools

Lina Mezei, Beth B. Murinson, and the Johns Hopkins Pain Curriculum
Development Team. J of Pain 2011
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Pain teaching hours by school. Main figure shows schools teaching
0 to 5 hours, 5 to 10 hours aetc.. U.S. medical schools/ dark gray
bars, Canadian schools/light gray. Inset shows expanded x-axis for 0
to 10 hours, U.S. schools only.



Research: Managing patients with pain and OUD

NIH - Helping to End Addiction Long-term

Frequent use of opioids for the treatment of chronic pain
along with increasing frequency of opioid-related
problems in military veterans

Research: Integrated psychosocial treatment in veterans
with chronic pain, who are taking buprenorphine for the
treatment of OUD.

* Acceptance and Commitment Therapy for chronic pain
and Mindfulness Based Relapse Prevention for
substance use and misuse.

* |dentify meaningful outcomes for both pain and OUD

NIH

HEAL Kevin Vowles and Katie Witkiewitz, University of New Mexico
INITIATIVE




Research: Peri operative pain management:
mitigate risks of opioid exposure in naive youth

NIH - Helping to End Addiction Long-term

5-7% of adolescents prescribed an opioid after surgery
develop opioid misuse or persistent opioid use.

Research: mHealth psychosocial intervention “SurgeryPal”
to prevent chronic postsurgical pain in adolescents who
are undergoing spinal surgery

* Identify psychosocial risk factors for chronic pain
 Teach pain self-management skills

 Reduce opioid exposure

 Track opioid use 6 months post op

NIH
HEAL Pl: Jennifer Rabbits, & Tonya Palermo Seattle Children’s Hospital

INITIATIVE



NIH : Helping to End Addiction Long-term

Opioid use rates in people on dialysis are 3 times
higher than the general population over 65:
significant risk for addiction.

More than half had one or more opioid prescriptions
during any 12-month period.

Opioid use is linked to poor health outcomes: more
hospitalizations, fractures, and deaths.

HOPE: safer and more effective treatments:

non-pharmacological approaches with conversion to
buprenorphine for pain in dialysis patients




The Final Solution: Science Resulting in More Effective

Non-Addictive Treatment for Pain

PAIN Electrophysiological and transcriptomic
Anti-PD-1 treatment impairs opioid antinociception correlatesl of neuropathic pain in human dorsal
. . root ganglion neurons
in rodents and nonhuman primates EEIE

Robert Y. Nq‘rth,'.‘* Yan Li,>* Pr?dipta Ray:J'* Laur;_ance D. Rhine.s," 6CIaudio Est%ves Tatsui,*
Zilong Wang'*, Changyu Jiang™, Qianru He', Megumi Matsuda, Qingjan Han', Kaiyuan Wang', Shoi e e el ol T e Ll

Sangsu Bang', Huiping Ding? Mei-Chuan Ko??, Ru-Rong Ji"*°*

nature ARTICLES
neur OSClence https://doi.org/10.1038/s41593-020-0632-8

’m Check for updates

General anesthetics activate a potent central
pain-suppression circuit in the amygdala

Thuy Hua®"*=, Bin Chen'3, Dongye Lu', Katsuyasu Sakurai', Shengli Zhao', Bao-Xia Han', Jiwoo Kim',

Luping Yin®", Yong Chen?, Jinghao Lu' and Fan Wang ®'= mmvi_ - vﬂ’WNM“J{“
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The case for basic pain research:

Calcitonin gene-related peptide antagonists

& Full Access

ANNALS Zcinins or scipces

Molecular Mechanisms of Cell-Specific and Regulated Expression
of the Calcitonin/a-CGRP and B-CGRP Genes

MICHELE M. BENNETT, SUSAN G. AMARA

First published: June 1992 | https://doi.org/10.1111/j.1749-6632.1992.tb22755.x | Citations: 12

THE
BRAIN
PRIZE

The world's largest brain research prize is
Danish and is awarded by the Lundbeck
Foundation. Each year, we award 10 million
DKK (approx. 1,3 million€) to one or more
brain researchers who have had a ground-
breaking impact on brain research.

NIH

HEAL

Winners of The Brain Prize 2021

Professors Lars Edvinsson, Peter Goadsby, Michael
Moskowitz, and Jes Olesen have been awarded The
Brain Prize 2021, worth 10 million Danish kroner, for
their groundbreaking work on the causes and
treatment of migraine.

Discovery of CGRP

CGRP first proposed to

play a role in migraine

CGRP antibodies made to measure
and localize CGRP in the
trigeminal-cerebrovascular system,
where it was found to be a potent
vasodilator

Presence of CGRP confirmed
in human cerebral vasculature;
high levels in children,
decreased levels with age

First demonstration in patients
that CGRP is released during an
acute migraine attack

. Demonstration that CGRP

release by trigeminal activation |

is inhibited by triptans

Discovery of the
trigeminovascular reflex: a
physiological role for CGRP

First measurement of CGRP
released by trigeminal
stimulation in humans

Sumatriptan shown to normalize
CGRP levels during acute
migraine attack in parallel with
relief of headache symptoms

First characterization of
compounds that block the
CGRP receptor: the gepants

Characterization of the
multicomponent CGRP receptor
that consists of CALCRL, RAMP1
and RCP

CGRP receptor blocker intravenous
olcegepant shown to alleviate
headache during a migraine attack

Infusion of CGRP shown to
trigger migraine attack in
patients prone to migraine

Clinical trials begin to test
telcagepant and other
gepants in acute migraine

Merck files patent for use of CGRP
antibodies for migraine treatment

Overview of all clinical trials of
gepants to date indicates efficacy
in acute migraine with no
cardiovascular or other serious
adverse effects

Antibodies against CGRP
shown to block CGRP
responses in vitro and in vivo

Clinical trials begin to
evaluate use of anti-CGRP
antibodies for prophylaxis of
frequent and chronic migraine

Merck halts development of
telcagepant owing to liver
toxicity: elevated liver enzymes
after 3-month treatment for
migraine prophylaxis

INITIATIVE Figure adapted from

Anti-CGRP antibody (eptinezumab;
ALD403), given intravenously,
shown to be effective for
prevention of episodic migraine
(phase Il trial)

Phase Il trials of the antibodies
eptinezumab, erenumab,
fremanezumab and galcanezumab
produce positive results for
migraine prevention

Anti-CGRP antibody
(galcanezumab; LY2951742)
shown to be effective in episodic
migraine without serious adverse
effects (phase Il trial)

Antibody Ubrogepant, an

Expected review of antibody
migraine therapies by FDA and
aocan Medicines Agency

l:l Experimental Clinical
|:| Laboratory Therapy

Anti-CGRP antibody (fremanezumab;
TEV-48125) shown to be effective in
chronic migraine (phase b trial)

targeted to the | | orally active
CGRP receptor | | gepant, shown
(erenumab; to be effective
AMG 334) in acute
shown to be migraine
effective in without serious
episodic adverse effects
migraine (phase | | (phase IIb trial)
IIb trial)



https://www.ncbi.nlm.nih.gov/pubmed/28653227
https://www.ncbi.nlm.nih.gov/pubmed/28376659
https://www.nature.com/articles/d41586-020-02862-9
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.1992.tb22755.x?sid=nlm%3Apubmed
https://www.nature.com/articles/s41582-018-0003-1#Fig1

HEAL Analgesic Development Program
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MIH - Helping to End Addiction Long-term

Enhancing
Pain
Management

Accelerating Research to
Improve Pain Care

) Preclinical o . Implementation/

Target Discovery

......

What novel molecule, biologic, device
might relieve pain?

Therapeutics Development

How can we
develop or improve
drugs & devices to

relieve pain?

How do we assess pain?
Who will respond to a treatment?

Longitudinal Studies

Who will develop chronic pain?

Safety testing

Are new drugs safe?
Effectiveness Trials

Which therapies work best?
For whom?

\ = . K = )
il = .

Pragmatic Trials

How do we get treatments into the
clinic?



https://www.dreamstime.com/royalty-free-stock-photos-blood-test-tube-image15055538

Thank Yo!

Walter J. Koroshetz, M.D.

Director, National Institute of Neurological Disorders and Stroke

Email: koroshetzw@ninds.nih.gov

Website: http://www.ninds.nih.gov a Follow me @NINDSdirector
m National Institutes of Health NIH !—|EAL Initiative and Helping to End Addiction Long-term are service marks of the U.S. Department of Health and Human
HEAL Initiative Services.
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How will COVID affect those with chronic pain?
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Pain Interference, Pain Interference,

Cross-lagged longitudinal analysis showed that social isolation (Sl) predicted pain interference (Pl),
but Pl did not predict S

Annals of
Behavioral
Medicine

The Impact of Social Isolation on Pain Interference:
A Longitudinal Study
Nicholas V Karayannis, et al Volume 53, Issue 1, January 2019



Persistent Symptoms of COVID-19

in Non-hospitalized Patients: (2- 3 wks post test)
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NEW NIH FOA NIH:

Post-Acute Sequelae of SARS-CoV-2
Initiative to understand how SARS-CoV-2
can lead to long-lasting and widespread
effects and to identify ways to prevent
and treat these conditions.

D ] Centers for Disease Control and Prevention
0,//,/ CDC 24/7: Saving Lives, Protecting People™

Morbidity and Mortality Weekly Report (MMWR)

July 31,2020




Prevalence and Profile of High-Impact Chronic Pain in the US

2011 National Health Interview Survey Sample Questionnaire N=15, 670 Population Estimates

Chronic pain pain experience on most days in last 3 months 40 m, 18.4%

Chronic Pain Without no activity limitations/participation restrictions. 29.9m, 13.6%
Limitation (CPWL)

High Intensity Chronic Pain as above with addition of >1 activity limitation 10.6 m, 4.8%
(HICP)



US Estimates of Chronic Musculoskeletal Pain Treatment in
Children, Adolescents, Young Adults

70 Treatments for each age group

60

50
* Average Annual visits to health care provider

0.6 million for children <13 years
1.0 million adolescents 13-17 years
e 1.6 million for young adults 18-24 years

40

P=.0295

30

20
* Most prevalent chronic musculoskeletal pain types

10
across all age groups

* joint pain
* back pain
e limb pain
* muscle pain
e Neck pain O<12years B13-17 years M18-24 years

Proportion (95% CI) of office visits for chronic
MSK pain where treatment prescribed by age

The Journal of Pediatrics, 1/29 2021

Data From the 2007-2015 National Ambulatory Medical Care
INITIATIVE Survey: Feldman, PT, PhD12, and Nahin, PhD, MPHs



https://www.sciencedirect.com/science/journal/00223476

HEAL Harmonization of Patient-reported Pain Outcomes Data

Provide quality data for
interpretability of findings
across studies, pain
conditions, populations,
interventions

Supplemental
C DEs

- @
markers

Demographic Questions
9 Pain Domains
Adult and Pediatric Questionnaires

Chronic and Acute Pain Questionnaire

370 supplemental questionnaires

NIH

HEAL

INITIATIVE
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