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LEARNING OBJECGTIVES

Describe the basic pathophysiology of pain

Describe a mechanism-based approach to pain
management

Separate analgesic medications by mechanism of
action & understand how this applies to mechanism-
based approach to pain management

Describe a multimodal analgesia plan

Recognize the options for pain management in patient
with special considerations in hospital

Describe strategies for control of opioid escalation in
the patient with chronic pain
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WHY DO WE CARE?

« 78% of patients visiting the Emergency Department
list pain among their chief concerns

« 40% of all Emergency Department Patients
presenting with pain have an underlying chronic
pain condition

Cordell 2002
Johnston 1998
Tanabe 1999
Neighbor 2007
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WHY DO WE CARE?

Adverse Physiologic Effects of Uncontrolled

Cardiac HTN, tachycardia, dysrhythmias, Ml

Pulmonary Atelectasis, mismatch, pneumonia

Endocrine Protein catabolism, hyperglycemia, fluid retention
Immune Immune function impairment

Coagulation Hypercoagulation, 1> platelet adhesion

€] lleus

GU Urinary retention
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WHY DO WE CARE?

PAIN IN AMERICA

More than 30% of Americans
are living with some form of chronic

or severe pain.

MORE PEOPLE LIVE WITH
CHRONIC PAIN THAN

. HEART DISEASE,
AND ,COMBINED.

® Chronic Pain: 116M
Diabetes: 30.3M

m Heart Disease: 25.4 M
Cancer: 14.7M
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WHY DO WE CARE?

When patients with are admitted
to the hospital, they:

. suffer!*>:¢

2. are dissatisfied!

3. are atrisk of being under treated !+

4. have increased length of stay?
5. are readmitted earlier and more ﬁ‘t‘n:lmi*uth-'3

6. rate hospitals poorly (HCAHP S)°

Erennan, Carr, Cousins: Pain Minagement: A Fundamensl Human Righe. Anesthesiz & 105: 205-21
d, Hugli: Undermreamentof acute pain | and medicl practicevaristion in prehomisl malzesia of adule orauma paienrs: a 10 yrramospective
0:96-106

VANDERBILT
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WHAT SHOULD BE OUR GOALS
FOR TREATING PAIN?

1.Reduce suffering

2.Treat acute pain

3.Minimize the long-term impact of pain
4.Maximize our resources

5.Create a plan
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HOW DO WE GET THERE?

Patient-Centered and Patient-Specific
Care Plans

Mechanism Based Pain Treatment

Risk Management and Opioid Escalation
Control

Appropriate referral and disposition
planning




“A JOURNEY OF A THOUSAND
MILES BEGINS WITH A

SINGLE STEP.
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PAIN PATHOPHYSIOLOGY

Pain processing a Ascending b Descending
pathways

Somatasory Anterior Cingualte

Cortex

Insular
Cortex

Cortex Thalamus

Amygdala

Midbrain

Dorsal column
nuclei
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Medulla

Aa or AB fibers Dorsal Root

/ Ganglion

Spinothalamic tract

injury

Spinal Cord

anary afferent
nociceptors

Dorsal Horn

C or AS fibers

Figure credits —

www.Aneskey.com
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PAIN PATHOPHYSIOLOGY

EVUNVENE

« Peripheral nociceptors:
« AB - mechanical stimuli
« AO - low or high intensity
thermal or mechanical stimuli
« C - high intensity thermal or
mechanical stimuli

« Local inflammatory release:

primary afferent

periphery neurons

non-noxious
mechanical stimulus

ApB fiber

noxious
mechanical stimulus

noxious heat
and chemical stimuli C fiber

&

dorsal root
ganglion

spinal cord

/ to higher
centers

projection
neurons

gray matter

white matter

« Sensitization
« Hyperalgesia
« Abnormal signaling
« Allodynia

Plasma
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vasodilation
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PAIN PATHOPHYSIOLOGY

Nerve Injury Spontaneous Afferent Activity

CEVNVENE | | IR

Peripheral nociceptors: ‘ /
+ AB - mechanical stimuli Mechanism:

AP o | et e o o o -

Ad - low or high intensity thermal or :Na'C"an"e'
. . . Receptors
mechanical stimuli Transmitter (amines)

C - high intensity thermal or mechanical stimuli Cytokines (TNFa)
Enzymes (trypsin)
Local inflammatory release:
Sensitization
Hyperalgesia
Abnormal signaling
Allodynia

Nerve in ] urvy: it

« Ion channel up/down
regulation

« Nat*, K+, Ca?* | o/ f s,
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Ad/AB-fibers

Central changes: (= P
« Wind-up (Dorsal Horn) e
« Spontaneous activity (DRG)

glial cell
VANDERBILT
UNIVERSITY
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PAIN PATHOPHYSIOLOGY
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Pathways PAG OPIATE ACTION
/ ] ] Periaqueductal
% - Norepinephrine gray GABA-ergic o
/ . Brgin: Emotion_al response J/gglg;gg,.yac,ive) raphe =
Z ¢ Splnal COI‘d: Pl‘lmal’y ’_MOF? a’lt(i_‘v’ggopf‘ | coeruleus
(inhibits GABA release)
/ afferents Medullopetal neuron -
/ (GABA-R) Medulla
é e Serotonin Medulla
° 1 i SPINAL OPIATE
/ Brain and spinal cord i
/4 « Mixed effect on pain C-fiber terminal
processing MORO. o
Ca**-o> °:°. S !DM
- Periaquaductal Gray — Opiates e
« Inhibitory pathway vl
activation . |
« Limbic system modulation E——
« Medulla modulation e
Benzon, Practical 14
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MECHANISM-BASED
PAIN MANAGEMENT

Pain management requires diagnosis before treatment

Diagnosis requires looking for symptoms and signs
Symptoms and signs point to a mechanism

Medicines are selected based on the mechanism
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MANAGEMENT

_Pain

Pain

Nociceptive

« Somatic — point tender
« Visceral — diffuse tender

Inflammatory

« Rubor, Calor, Dolor...

Neuropathic

- Allodynia

Central

Diffuse/generalized

Nociceptive

« Somatic — localized, sharp
« Visceral — diffuse, dull

Inflammatory

« Throbbing, aching

Neuropathic

« Burning, electric, paresthesia

Central

Diffuse/generalized

VANDERBILT
UNIVERSITY
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MECHANISM-BASED PAIN
MANAGEMENT
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MANAGEMENT

Pain Medications (non-opioids)**

Inflammatory Pain

Neuropathic Pain &
Central Pathologic
Pain

NSAIDs (non-steroidal anti-inflammatory drugs)
ibuprofen (PO)
naproxen (PO)
ketorolac (PO, IM, IV)
diclofenac (PO, topical gel)
etodolac (PO)
meloxicam (PO)
methyl salicylate/menthol (topical)

Steroids (oral, intra-articular, peri-neural, epidural, IM, IV)

Anticonvulsants
*  gabapentin, pregabalin
SNRiIs (serotonin norepinephrine reuptake inhibitors)
*  duloxetine, milnacipran
Tricyclic anti-depressants
*  amitriptyline, nortriptyline, desipramine
Na* channel blockers
* lidocaine (topical cream/patch, IM, V), mexilitine,
topiramate
TRPV1 ion channel blocker
*  capsaicin (topical cream/ointment/patch)
NMDA receptor antagonists
*  ketamine (IV), memantine (PO),
dextromethorphan, Mg?*

Pain Medications (non-opioids)**
Nociceptive Pain Antispasmotics (muscle spasm related pain)
. cyclobenzaprine, tizanidine, baclofen,
diazepam/lorazepam
Acetaminophen and NSAIDs also effective, especially if
inflammatory pain is also present

Acetaminophen

Alpha agonists

. clonidine (PO, patch), dexmedetomidine (IV),
guanfacine (PO)

Non-specific Pain

VANDERBILT
UNIVERSITY
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What's in the
toolbox?

ANALGESIC GLASSES
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ANALGESIC GLASSES

Non-steroidal Drugs
(NSAID)

NNNNNNNN\\\\
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of action

AN\

are synthesized and
released in response to local tissue
injury

NN\

Phosphalipase Az

converts arachidonic
acid into multiple forms of

ANNNN\

Lipoxygenase

prostaglandin el
« This is done predominantly by T
t h e | S O fo r m Leukotrienes

(PGE2) is the most
associated with inflammatory
responses and nociceptor
sensitization

PGD, ) (PGFaq

Benzon, Practical Management of Pain

VANDERBILT
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ANALGESIC GLASSES

Non-steroidal
(NSAID)

Drugs

Pathophysiologic Conditions &
NSAIDS

« Significantly reduced
clearance

« Worsening of acute kidney
injury

« Limited affect on clearance
unless bound to albumin
(indomethacin)

« Beware of concomitant renal
disease

NSAID Classes

Pyrrole acetic acids
« Ketorolac

Phenylacetic acids
« Diclofenac

Non-selective
« Ibuprofen
« Naproxen
COX-2 selective
« Celecoxib

VANDERBILT
UMNIVERSITY
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Table 40.2

NN\

Drug

Lumiracoxib

ANNNN\

oxib
Meloxicam
MNaproxen
Ibuprofen
Indomethacin
Aspirin

IC;, concentration needed to inhibi

*A higher ratio indicates greater COX-2 se

Benzon, Practical
Management of Pain

ANALGESIC GLASSES

Non-steroidal
(NSAID)

Drugs

ICsp Ratios for Inhibition of COX-1
and COX-2 in Human Whole Blood*

ICs; Ratio

[ ——

700
44

L il |
L‘I [

61

a0

18
0.7
1.5
0.02
0.007

NISYAVAD)

Cardiovascular Risk

Bone Healing
Hypersensitivity Reactions
Gastrointestinal Effects

Renal toxicity

VANDERBILT
UNIVERSITY
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ANALGESIC GLASSES

* Classes
* Sedatives
* TCA-like
e Antihistamine
" GABA
* Central oo ™
* Primary Indications

e Contraindications (relative)

Benzon, Practical Management of Pain

Spasticity, Muscle Spasm, Myofascial
Pain

Hypersensitivity
Primarily related to interaction with
MAOI, TCA, and opioids

Descending ¢
facilitatory systems >

VANDERBILT
UNIVERSITY
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ANALGESIC GLASSES

Anti-Spasmodics

Extrafusal muscle fiber
General CNS depression

Descending facilitatory
systems

TCA analog

Caution with serotonergics

Anti-Spasticity

Tizanidine
Caution with renal impairment
Hypotension

Baclofen

Caution with renal impairment
Interaction with SSRI (short
term memory loss)

VANDERBILT
UMNIVERSITY
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< 14 days

15-60 days
> 60 days
Agents

Baclofen
Carisoprodol
Chlorzoxazone*

Metaxalone

Methocarbamol
Orphenadrine
Tizanidine

Combined
Hazard Ratios
(95% Cl)

Treatment duration

0.91 (0.67-1.22)
1.37 (0.81-2.37)
1.80 (1.30-2.48)

1.83 (1.11-3.04)
1.84 (1.34-2.54)
2.82 (0.42-18.88)

Cyclobenzaprine .85 (0.64-1.13

)
0.88 (0.30-2.64)
1.09 (0.62-1.90)
1.41(0.56-3.51)
1.15 (0.77-1.72)

*The effect of chlorzoxazone
cannot be estimated in cohort 2,
only the hazard ratio of cohort 1

was presented.

Li et al 2020

Lower risk of Higher risk of
overdose overdose
QOverall effect

—— Hazard ratio: 1.21

Fi ’ B
L s »

* .
*.
0.5 1 2 <

Hazard Ratios
(95% Cl)

Combined
Hazard Ratios
(95% CI)
Sex
Male 1.20(0.89-1.62)
Female 1.22 (0.94-1.59)
Age
18-34 1.17 (0.78-1.75)
35-44 1.10 (0.62-1.62)
45-54 1.13 {0.77-1.67)
55-64

1.35(1.00-1.81)
History of benzodiazepine use

Yes 1.39 (1.08-1.79)
No 1.06 (0.79-1.40)
Daily opioid dose

<20 mg 0.87 (0.53-1.42)
20-49 mg 1.02 (0.68-1.52)
=50 mg 1.50(1.18-1.92)

ANALGESIC GLASSES

Lower risk of
overdose

Higher risk of
overdose
Overall effect

Hazard ratio: 1.21

0.5

. 4
» .
e
1 2 4
Hazard Ratios
(95% Cl)

<

YDERBILT
~.-IVERSITY
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ANALGESIC GLASSES

Pain Medications
Anticonvulsants (Gabapentinoids)

of action:

ANNNNNNNNNNNANNNNNANNNNNNANNN

Alpha-2 )
delta 1 subunit 007’ Gabapentin
« Decrease in glutamate, - ‘,‘@ Voltage gated
norepinephrine, and substance P °°'°‘“"‘ ehansl
at the L-type calcium channel Nociceptive neuron { .
) Inhibitory
« L type calcium channel s noradrenergic neuron
« Neuronal tissue, smooth muscle,
skeletal muscle Post synaptic

neuron

« Structurally derived from GABA
« NO action at the GABA receptor

VANDERBILT
UNIVERSITY

Benzon, Practical Management of Pain %
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ANALGESIC GLASSES

Pain Medications

Anticonvulsants (Gabapentinoids)

Gabapentin

« Post herpetic neuralgia

Additional indications
« Painful diabetic neuropathy
« CRPS
« Postsurgical pain

Considerations
« Renal impairment
 Slow titration

Side effects
« Fatigue, somnolence

Pregabalin

Post herpetic neuralgia
Painful diabetic neuropathy
Fibromyalgia

Spinal cord injury pain

« Additional indications
« CRPS
« Postsurgical pain

« Considerations and side effects
« Same as gabapentin
« Generally faster onset of action

VANDERBILT
UMNIVERSITY
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ANALGESIC GLASSES

Sodium Channel andg

Pain Medications
NMDA Antagonists

Mechanism of action
« Sodium channel antagonist

Indications
« Post surgical abdominal pain
« Chronic abdominal pain

Considerations
 Liver disease
« Cardiac conduction issues
 Seizure disorder

« Mechanism of action
« NMDA Antagonist

« Indications
 Acute severe pain
* Opioid induced hyperalgesia

 Considerations
« PTSD
« Schizophrenia
« History of hallucinations

*Call the Pain Specialist

VANDERBILT
UMNIVERSITY
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WHY DO WE CARE?

Opioid Dosing Often Changes During Hospitalization

Figure 3. Incidence of New Persistent Opioid Use by Surgical Condition

Chronic pain as a consuence of surgery at the Toronto General Hospital

- Minor surgery group |:| Major surgery group |— Control group . =
costs the Ontario Health Care System CAD$2.5—4.1 million annually

Varicose Vein Removal

Laparoscopic Cholecystectomy ~4000

LIpargsCOpC Appeniecinmy patients recieving major surgery at

AANNNNNANANANANNNNANNNNNNNN\

Hemorrhoidectomy S Toronto general annually N
Thyroidectomy
Transurethral Prostate Surgery
200 300

Parathyroidectomy

new cases of chronic post
surgical pain (5% of all surgeries)

worsening cases of chronic pain
post-surgery (12.5% of all surgeries)

Carpal Tunnel

Ventral Incisional Hernia Repair

Colectomy l

_ Patients with worsening chronic pain after
Reflux Surgery |

gariatric Surgery surgery discharged on 100-300% more
Hysterectomy opioid than when admitted V

Nonoperative Comparisons

| I

VANDERBILT

' 5 8 10 12 14 Brummett 2017 UNIVERSITY
Incidence of New Opioid Use, % Huang 2016

=1
[
P
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WHY DO WE CARE?

HIGHER OPIOID DOSES >
HIGHER RISK OF ADVERSE EVENTS

Hazard Ratio for Fatal Overdose

1-20 MME vs 100 MME Association Between Opioid Prescribing Patterns
and Opioid Overdose-Related Deaths

Amy S. B. Bohnert, PhD

Context The rate of prescription opioid-related overdose death increased substan-

A t 1 . H R — 6 64 Marcia Valenstein, MD tially in the United States over the past decade. Patterns of opioid prescribing may be
C u e pa I n . - . Matthew J. Bair. MD related to risk of overdose mortality.

Dara Ganoczy. MPH Objective To examine the association of maximum prescribed daily opioid dose and
4 . R — Shanis ’ i - dosing schedule ("as needed,” regularly scheduled, or both) with risk of opioid over-
C ro n I C p a I n . H R — 7 N 1 8 John F. McCart h_\r PhD dose death among patients with cancer, chronic pain, acute pain, and substance use

Mark A. Tigen, PhD disorders.

AANNNNNNNNNNNANNNNNNNNNNNNANNN

Frederic C. Blow, PhD Design Case-cohort study.

Cancer related pain: e etting VeteansHealth Adminstraton (VHA), 2008 hrough 2008
HR =11.99
Substance use history: :

HR = 4.54 {reer e

ADDICTION

Bohnert 2011
Open Images Dataet — VANDERBILT
opensource.google
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OPIOIDS & AGIITE PAIN

_
Morphine |30 10
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OPI0IDS & GHRONIG PAIN

Non-opioids on first and off last
Opioid use for Acute on Chronic Pain
Manage with 25% escalation

< 7 day escalation

Have a taper plan

We do not use opioids in isolation




OPI0IDS & ANY PAIN

TYLENOL 1000 mg Q8h 1000 mg x 1 1000 mg Q8h 1000 mg 1000 mg Q8h 1000 mg Q8h

Q8h

Celecoxib 400 mg  Naproxen 200 Naproxen Naproxen 200 proxen 200

mg Q12h 200 mg mg Q12h
Q12h
GABAPENTIN 100 — 600 mg 100 — 600 00 — 600 mg Taper
Q8h Q8h
MEMANTINE 10 mg BID mg BID 10 mg BID Taper

/d 40 MME/d Taper -> OFF OFF v. Referral

OPIOID

« Focus on function 53
« Multimodal analgesia > Cascade on, cascade off it

34




A healthcare practitioner may prescribe: ~ TN#TOGETHER

1 No requirements before
60 MME %( .
A prescribing

& ICD-10 Code

AAaAiminminmnmnmntnDDDBae

& ICD-10 Code

Vv

VANDERBILT
UNIVERSITY
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%( ICD-10 Code

Medical Necessi ty

The following are individuals exempted if the prescription includes the | ICD-10 Code and the word “exempt™:



Opioid Management Recommendations

Avoid opioid dose escalation to the extent possible
e Add opioids only after adjuncts are maximized

e Limit discharge opioids to expected duration of ICD-10 Code
moderate to severe postoperative pain

* Coordinate opioid prescription with outpatient
provider

AAANNNNNNANANNNANNANNNNNNNN\

ICD-10 Code

* Monitor closely for opioid related adverse events ICD-10 Code
Medical Necessi
(ORAE) ¥

VANDERBILT
UMNIVERSITY
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GASE 1

A 67 year old man with past medical history of essential
hypertension (HCTZ), type 2 diabetes (metformin, Alc =
7.6) presents for elective total hip arthroplasty and plan
for 23 hour observation overnight in the hospital.
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GASE 1

Preoperative medications:

- Acetaminophen, 1000 mg

- Gabapentin, 300 mg (may consider 100 mg)
- Famotidine, 20 mg

- Oxycodone extended release, 10 mg

- Celebrex, 200 mg

- Expectation setting
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GASE 1

A 67 year old man with past medical history of essential
hypertension (HCTZ), type 2 diabetes (metformin, Alc =
7.6) presents for elective total hip arthroplasty and plan
for 23 hour observation overnight in the hospital.
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TYLENOL 1000 mg Q8h

Celebrex 200 mg
BID

GABAPENTIN 100 — 300 mg
Q8h

Oxycodone 5mg Q6H PRN

1000 mg Q8h

Celebrex 200 mg
BID

100 — 300 mg
Q8h

5mg daily PRN

1000 mg Q8h

Celebrex 200
mg BID

100 mg BID

OFF

1000 mg Q8h

OFF v. Referral

OFF v. Referral
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CASE 2

A 32 year old African American man with a history of
sickle cell disease presents to the emergency
department with a 2 day history of severe flank pain,
vomiting and hematuria. Diagnosis of sickle cell
vasooclusive crisis is made.

Baseline pain regimen consists of Tylenol 500 mg QID,
ibuprofen 400 mg TID, MS contin 30 mg BID, and
oxycodone 10mg g8h as needed. Renal and liver
function are normal. He is not tolerating oral
medications and in severe pain, writhing in bed.
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CASE 2

Multimodal analgesia in the patient not tolerating oral

intake

Warm compresses and/or heat packs to the flank
IV acetaminophen
Hydromorphone patient controlled analgesia (PCA)

IV Ketorolac 30 mg every 6 hours (may reduce to 30
mg every 8 hours)

IV methocarbamol 750 mg every 8 hours x 3 days
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CASE 2

Baseline pain regimen consists of Tylenol 500 mg QID,
ibuprofen 400 mg TID, MS contin 30 mg BID, and
oxycodone 10mg g8h as needed. Renal and liver
function are normal. He is not tolerating oral
medications and in severe pain, writhing in bed.




OPI0IDS & AGUTE PAIN

Drug ~ |POPR(mg) |Subcut/lV(mg)

ANNNNNNNNNNNANNNNNANNNNNNANNN
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CASE 2

Patient controlled analgesia (PCA) dose conversion

Baseline opioid use

- MS contin 30 mg BID - 60 MME

- Oxycodone 10 mg g8h - 30 mg oxycodone * 1.5 2> 45 MME
- Total = 105 MME

Conversion to intravenous hydromorphone

- 105 MME * (1.5 mg HM / 30 mg oral morphine) - 5.25 mg
IV HM / 24 hours at baseline - 0.2 mg/hr baseline

Initial PCA settings

*Continuous pulse oximetry
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CASE 2

The above regimen is started but his pain remains
uncontrolled. PCA is titrated upward and is now at 0.5 mg
every 10 minutes without continuous rate.
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WHY DO WE CARE?

Adverse Physiologic Effects of Uncontrolled

Cardiac HTN, tachycardia, dysrhythmias, Ml

Pulmonary

Endocrine Protein catabolism, hyperglycemia, fluid retention
Immune Immune function impairment

Coagulation

€] lleus

GU Urinary retention
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CASE 2

Adjunctive medications for the patient with opioid
tolerance and significant acute on chronic pain

- Consultation to the chronic pain service is made

- The patient is screened for a history of PTSD,
schizophrenia, psychosis, or hallucinations (negative
for these)
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TAKE HOME POINTS

Pain is a physiologic or pathophysiologic process that
is amenable to diagnosis and treatment

Analgesic medications can and should be selected
based on the diagnosis of the type of pain

Opioids are last on and first off! Pain management
should be a cascade on and off medications if more
than one agent is used

Opioids are rarely (almost never) an appropriate
single agent treatment for pain

If things aren’t going well, consult a pain specialist;
we are happy to help
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