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 An unpleasant 
sensory and 
emotional
experience 
associated with 
actual or potential 
tissue damage or 
described in terms 
of such damage

Merskey H, Bogduk N (eds). Classification of  Chronic Pain, 2nd ed.  IASP 
Press, Seattle, 1979.
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PNS

CBZ
OXC
PHT
TCA
TPM
LTG
Mexiletine
Lidocaine

Na+

SPINAL CORD

Descending 
Inhibition

TCAs
SSRIs
SNRIs
Tramadol
Opiates

Ca++ : PREGab, OXC, LTG, LVT

NMDA : Ketamine
Dextromethorphan
Methadone

Central Alpha agonists -Clonidine

Others
Cox inhibitors
Levodopa
THC (CB2)

Goli 2007

Central SensitizationPeripheral 
Sensitization

Opiate receptors

Sub.P/etc
NSAID’s
Vanilloids receptors
(TRPV1) Capsaicin

NE/5HT 

Tramadol
oxycodone
Morphine
Methadone

BRAIN

◦Nociceptive
◦Neuropathic
◦ Visceral
◦ Cancer
◦ Somatic
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 Less Pain, Fewer 
Pills: Avoid the 
dangers of 
prescription opioids 
and gain control over 
chronic pain.

 Coming off opioids 
with strategies for 
success.

 In line with our OHSU 
Opioid Guidelines

RAIN: 01.20.2011 5

 An adjuvant 
anticonvulsant released in 
the United States in Feb 
1994

 Calcium channel blocker
 Not metabolized, renally 

excreted, no significant 
toxicities

 In the first year, rumors 
of efficacy in “RSD”
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 Binds to the α2-δ-1 subunit of voltage-gated calcium channels 
and reduces excitatory neurotransmitter release

 90% bioavailable across dose range (150-600 mg/day)
 Why not used more in the peri-operative setting?  

Post-Herpetic Neuralgia.  Framptom 
JE. Drugs 2005;65:111-18.

 Same binding site as gabapentin– binds more 
avidly  

 More potent
 Linear absorption
 Longer elimination ½ life,  BID or TID dosing
 Begins working in 24 hours or less 

Excellent evidence:  7 prospective trials published 
in PHN, DPN, spinal cord injury

 Use in treatment resistant patients                 

Stacey BR, et al, presented at ADA 2005.  Durso 
de Cruz E, et al presented at ADA 2005
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 First of the alpha 2 receptor drugs used for 
human use

 Introduced as a nasal decongestant
 Prolonged sedation and severe hypotension
 Initially only available as an oral preparation
 Now various routes: Intravenous, Neuraxially, 

regional blocks, peri bulbar, etc.
 30 micrograms per hour given as a 

continuous infusion

 Neuraxially:
 Works intrathecally as well as epidurally
 For one time dosing, 50 ug in a spinal
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 Approved in 1999 by FDA for clinical 
application          in humans

 Supraspinal: Locus coeruleus:
 Brainstem center- modulates wakefulness
 Major site for hypnotic actions (sedation, 

anxiolysis)
 In the OR, 0.8 ug/kg/hour bolus and 0.4 

ug/kg/hour continuous infusion

 Spinal: Spinal Cord
 Binding to alpha 2 receptors—analgesia at 

substantia Gelatinosa (Lamina II)
 Closing the gate at the dorsal horn to stimuli 

coming from alpha delta and C fibers
 Inhibit release of nociceptive humoral 

transmitters like substance P

Kuraishi Y, Hirota N, Sato Y, et al Noradrenergic inhibition of the 
release of Substance P from the primary afferents in the rabbit spinal 

cord dorsal horn.  Brain res. 1985;309:177-182
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 NMDA receptor involved in neuropathic pain 
and opioid tolerance

 Commercially-available drugs
 Ketamine
 Memantine
 Dextromethorphan
 Amantadine

"Adjuvant Analgesics".  Russell K. 
Portenoy, M.D.

 Ketamine
 37 RCTs of ketamine plus opioids by single 

bolus or infusion show mixed but generally 
favorable results (Subramaniam K, Anesth Analog 2004; 99:482-
95)

 4 RCTs of co-administration to opioids in 
cancer pain: no conclusion possible (Bell R, 
Cochrane Database Syst Rev. 2003;(1):CD003351)

"Adjuvant Analgesics." Russell K. 
Portenoy, M.D.
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 Ketamine was approved by FDA Feb 1970.
 In recent past it use on humans dramatically 

curtailed because of exaggerated concern 
about its potential to cause emergence 
phenomena including out-of-body 
experiences clinical practice

Bell, Rae F. ; Eccleston, 
Christopher; Kalso, Eija A. 

"Ketamine as an adjuvant to 
opioids for cancer pain."  Cochrane 

Database Review 2009.

 Is a non-competitive blocker of glutamate 
NMDA receptors.

 It exhibits analgesic properties in rodents and 
humans and exerts a direct antinociceptive 
effect at the spinal level.

Anesthesiology, V93, No 1, Jul 
2000



2/28/2017

9

 Dissociative anesthetic that has been used 
clinically for over 30 years

 At anesthetic doses (0.5 to 4.5 mg/kg) , 
anesthesia results even though patient awake

 At subanesthetic doses (0.1 to 0.3 mg/kg per 
hour) is a potent analgesic

 Ketamine interacts with NMDA receptors, mu, 
delta, and kappa opioid receptors, 
monoaminergic and muscarinic receptors, 
calcium and sodium channels, and GABA 
receptors

Journal of Palliative Medicine.  
Volume 8, Nov 1, 2005. Mary Ann 
Liebert, Inc.  "Parenteral Ketamine 

as an Analgesic Adjuvant for 
Severe Pain:  Development and 

Retrospective Audit of a Protocol 
for a Palliative Care Unit."

 Repeated C-fiber stimulation can activate 
NMDA receptors in the dorsal horn which can 
result in central sensitization

 Activated NMDA receptors can also cause 
opioid sensitivity reduction

 Opioids activate NMDA receptors.

Bell, Rae F, Eccleston, Christopher, 
Kalso, Eija A.  "Ketamine as an 
adjuvant to opioids for cancer 

pain."  Cochrane Systematic 
Database Review 2009.
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 Emergence phenomena
 Floating sensations
 Vivid dreams
 Hallucinations
 Delirium
 Excessive sedation

Bell, Rae F; Eccleston, Christopher, 
Kalso, Eija A. "Ketamine as an 
adjuvant to opioid for cancer 

pain." Cochrane Systematic Review 
2009.

 Due to ketamine dissociation or depression of 
central auditory and visual relay nuclei 
leading to misinterpretation

 Leads to a sensation of bodily attachment or 
“floating in space”

Bell, Rae F; Eccleston, Christopher, 
Kalso, Eija A. "Ketamine as an 
adjuvant to opioids for cancer 

pain."  Cochrane Systematic 
Database Review.



2/28/2017

11

 Will increase secretions so caution with use in 
MAC

 Once catecholamines depleted, is a profound 
myocardial depressant

 No respiratory depression
 Synergistic with opioids, gabapentin, 

pregabalin, dexmedotomidine

 Use Ketamine starting 10 mg/hr, usually 
increasing by 5 to 10 mg/hr with targeted 
dose no more than 50 mg/hr.

 Run this for several days parenterally.
 Important to give benzodiazepines first
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 Numerous studies for fibromyalgia and 
abdominal pain

 These studies show running it as a 
continuous infusion

 Normal healthy adults, the individual maximum 
recommended dose of with epinephrine should 
not exceed 7 mg/kg

 Maximum total dose not exceed 500 mg. 
 When used without epinephrine the maximum 

individual dose should not exceed 4.5 mg/kg
 Maximum total dose does not exceed 300 mg
 For continuous epidural or caudal anesthesia, 

the maximum recommended dosage should not 
be administered at intervals of less than 90 
minutes.
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 Pregnancy
 Myocardial infarction within 6 months
 Concurrent use of antiarrhythmic agents
 Allergy to lidocaine
 Active breast-feeding
 Porphyria
 Liver dysfunction (INR > 1.5, AST/ALT/Bili

>2.5 times upper limit of normal)
 Renal dysfunction (Creatine clearance < 60 

ml/min)

Taken from OHSU Acute Pain 
Service Guidelines

Tizanidine
Cyclobenzaprine
Non-steroidals (Naprosyn versus ibuprofen)
Celecoxib
Alpha lipoic acid
Acetyl L-carnitine
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Contact:
Kimberly Mauer
Medical Director of Pain Center
Oregon Health and Science University
(503) 494-7426
mauer@ohsu.edu


