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ACHIEVEMENTSACHIEVEMENTS
New additions to various categories of New additions to various categories of 

pain medicationspain medications

Opioid analgesicsOpioid analgesics

NSAIDs; COXNSAIDs; COX 2 inhibitors2 inhibitorsNSAIDs; COXNSAIDs; COX--2 inhibitors2 inhibitors

Ion channel (CaIon channel (Ca++++, Na, Na++) blockers) blockers

Antidepressants (TCA, SSRI, SNRI)Antidepressants (TCA, SSRI, SNRI)

TriptanTriptan drugs (5drugs (5--HT1b, 1d  receptor agonists) for migraine *HT1b, 1d  receptor agonists) for migraine *

Others (gabapentin, Others (gabapentin, pregabalinpregabalin) *  ) *  

ACHIEVEMENTSACHIEVEMENTS
Innovative drug delivery methods and Innovative drug delivery methods and 

interventional proceduresinterventional procedures

Topical agents Topical agents (lidocaine, diclofenac, capsaicin)(lidocaine, diclofenac, capsaicin)

Intrathecal pump Intrathecal pump (opioid, local anesthetic, clonidine, (opioid, local anesthetic, clonidine, baclofenbaclofen))

NeuroNeuro--modulation (modulation (spinal cord and deep brain stimulationspinal cord and deep brain stimulation))

TranscutaneousTranscutaneous electrical nerve stimulation electrical nerve stimulation (TENS)(TENS)

Others Others (RFL, sympathetic block, ESI, IDET, etc.)(RFL, sympathetic block, ESI, IDET, etc.)

ACHIEVEMENTSACHIEVEMENTS
Improvement in acute and Improvement in acute and 

postoperative pain managementpostoperative pain management

PCA (PCA (patientpatient--controlled analgesiacontrolled analgesia))

Regional nerve blockRegional nerve block

Neuraxial block (Neuraxial block (epidural, spinalepidural, spinal))

Medication (Medication (ketorolacketorolac –– an intravenous NSAIDan intravenous NSAID)  )  

OPIOID THERAPY

Analgesia Hyperalgesia

OPIOID THERAPY

Addiction Side Effects
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Does opioid dose 
adjustment change clinical 

pain score?

An analysis of a subgroup 
of over 100 chronic pain 

patients

Opioid Dose Increase and
Pain Score Change

% change in MED

% change in Pain
Score

Opioid Dose Decrease and
Pain Score

% change in MED

% change in Pain
Score Opioid-Induced 

HyperalgesiaHyperalgesia

OPIOID

DESENSITIZATION
(TOLERANCE)

SENSITIZATION
(INCREASED PAIN)

PRONOCICEPTIVE
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NEURAL & MOLECULAR 
MECHANISMS

• Dynorphin

• Descending faciliationDescending faciliation

• Alpha-2 Adrenergic receptor 

• Glutamatergic system
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REPEATED OPIOID 
EXPOSURE

A PATHOLOGICAL 
PAIN STATE

DATA FROM SUBJECTS 
WITH OPIOID ADDICTION

NORMAL ADDICTS ADDICTS/
METHADONE

Martin & Inglis, 1965; Ho & Dole, 1979; Compton et al., 2001

DECREASED ANALGESIC EFFICACY

NO INTRA-OP
OPIOID

INTRA-OP
OPIOID

Cooper et al., 1997; Vinik & Igor, 1998; Guignard et al., 2000
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Exacerbated Temporal Summation 
of Second Pain (Windup)
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OPIOID TREATMENT

CELLULAR
MECHANISMS

PHARMACOLOGICAL OPIOID INDUCED

APPARENT
TOLERANCE

OPIOID DOSE 
ESCALATION

PHARMACOLOGICAL
TOLERANCE

OPIOID-INDUCED 
HYPERALGESIA 

WORSENING 
PAIN STATE

OIH Opioid tolerance
Exacerbated temporal 
summation of second pain 

Yes No

Decreased pain threshold Yes No

Decreased pain tolerance Yes No

Opioid dose (the higher, the 
more likely) 

Yes Yes

Duration of opioid therapy 
(the longer, the more likely)

Yes Yes

Dose escalation Limited improvement Improvement in pain reliefp
in clinical pain

p p

Dose reduction Improved opioid 
analgesia

Reduced opioid analgesia

Pain quality Spontaneous, burning, 
diffuse pain similar to 
neuropathic pain 

No change from pre-
existing pain

Pain location may ↑ dermatome 
distribution of the pre-
existing pain

No change (from pre-
existing pain)

Pain intensity Similar to or greater 
than pre-existed pain

Similar to preexisted pain 
condition

Category I
– Low dose
– Initial titration phase

Category IICategory II
–High dose; Long-term use
–Little change after dose titration
–Change in pain pattern
–Buprenorphine; methadone

Analgesia

Opioid Rotation

Adjunctive Medication

NMDAR Antagonist

Dose Decrease

NMDAR Antagonist

Adjunctive Medication

Analgesia
(tolerance)

Hyperalgesia

RELEVANCE: rat RELEVANCE: rat  humanhuman

No complaint (affect, emotion)No complaint (affect, emotion)

No secondary gainNo secondary gain

No comorbidityNo comorbidityNo comorbidityNo comorbidity

No addictionNo addiction

No legal issuesNo legal issues

No illicit drug abuseNo illicit drug abuse

No socioeconomic challengeNo socioeconomic challenge
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FUTURE DIRECTIONFUTURE DIRECTION

Animal models and assessment toolsAnimal models and assessment tools

WeWe mustmust considerconsider painpain--relatedrelated comorbiditiescomorbidities ininpp
animalanimal modelsmodels ((ee..gg..,, depression,depression, anxiety,anxiety, drugdrug

addictionaddiction)!)!

ExploreExplore andand validatevalidate newnew assessmentassessment toolstools ((ee..gg..,,
conditionedconditioned placeplace preferencepreference;; concurrentconcurrent assessmentassessment ofof

nociceptivenociceptive andand comorbidcomorbid behaviorsbehaviors))

PAIN ASSESSMENT TOOLPAIN ASSESSMENT TOOL

BenchBench

Evoked responseEvoked response

Clinical Clinical 

Pain ratingPain rating
Pain questionnairesPain questionnaires
Quantitative sensory testing Quantitative sensory testing 

WHAT DOES PAIN WHAT DOES PAIN 
SCORE TELL US?SCORE TELL US?

VAS: 
10/10

VAS: 
??
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