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C
hronic pain has become a significant diagnostic and therapeutic concern 

for many practitioners. With the cost of treatment estimated at more than 

$100 billion in the United States alone,1 along with attendant decreases 

in quality of life and productivity, physicians must be familiar with chronic pain 

as both major public health and economic issues. The origins of chronic pain are 

manifold, and include trauma, degenerative disorders, and other causes. Increasing 

evidence shows that uncontrolled pain after surgery is a significant risk factor for 

the development of chronic pain. Efforts to manage pain in the perioperative period 

therefore may be effective in reducing the burden of chronic pain, both for patients 

and as a public health problem.
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Treatment options for patients with chronic pain 
include pharmacologic, psychological, surgical, nerve 
blocks, and rehabilitative strategies. Among the phar-
macologic approaches, the use of opioids for the treat-
ment of noncancer pain is particularly controversial. 
The potential for adverse effects (AEs) of these drugs, 

along with the risk for misuse and diversion and the 
well-publicized potential for opioid-related AEs, have 
prompted increased discussion of the utility of alterna-
tive analgesic and opioid-sparing medications. 

This review focuses on so-called opioid adjuvant 
analgesics (Table 1). These medications traditionally are 

Table 1. Nonopioid Medications With Efficacy for Treating Perioperative Pain

Nonsteroidal Anti-inflammatory Drugs

Salicylates Aspirin

Diflunisal

Salsalate

Propionic acid derivatives Fenoprofen

Flurbiprofen

Ibuprofen

Ketoprofen

Naproxen

Oxaprozin

Fenamates Diclofenac

Ketorolac

Meclofenamate

Mefenamic acid

Tolmetin

Enolic acid derivatives (oxicams) Meloxicam

Nabumetone

Piroxicam

Acetic acid derivatives Etodolac

Indomethacin

Sulindac

COX-2 selective (coxibs) Celecoxib

Antidepressants 

TCAs Amitriptyline

Clomipramine

Desipramine

Imipramine

Maprotiline

Nortriptyline

MAOIs Selegiline

Tranylcypromine

 SSRIs Citalopram

Fluoxetine

Fluvoxamine

Paroxetine

Sertraline

Serotonin and norepinephrine 
reuptake inhibitors (SNRIs)

Desvenlafaxine

Duloxetine

Venlafaxine

 Anticonvulsants

Carbamazepine

Lamotrigine

Oxcarbazepine

Phenytoin

Valproic acid

Topiramate

α2δ-subunit calcium channel Baclofen

Pregabalin

Gabapentin

Muscle relaxants

Cyclobenzaprine

Tizanidine

Topical agents

Capsaicin

Diclofenac

Lidocaine

Other analgesics 

Para-aminophenol derivative Acetaminophen

COX, cyclooxygenase; MAOI, monoamine oxidase inhibitors; SNRI, 
serotonin norepinephrine reuptake inhibitor; SSRI, selective sero-
tonin receptor inhibitor; TCA, tricyclic antidepressant
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defined as a diverse group of drugs originally devel-
oped for a primary indication other than pain but that 
nonetheless have analgesic properties.2 Many of these 
medications are being used to enhance analgesia under 
specific circumstances. Broadening their application 
could ease or eliminate the concerning dependence on 
opioids as monotherapy for pain relief.

The major therapeutic principle underlying the use 
of opioid adjuvants is to achieve a balance between 
increasing analgesic efficacy while minimizing AEs. 
Adjuvant analgesics have been recommended when the 
toxic limit of a primary analgesic is reached or the ther-
apeutic benefit of a primary analgesic has plateaued. 
These drugs also can be beneficial in the presence 
of disabling nonpainful complaints such as insomnia, 
depression, anxiety, and fatigue that may cause dete-
rioration of the patient’s quality of life and function.3

Types of Opioid Adjuvants

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
among the most widely prescribed and consumed med-
ications in the world.4 These drugs have analgesic, anti-
pyretic, and anti-inflammatory activity through the 
inhibition of prostaglandin synthesis. Selective cycloox-
ygenase-2 (COX-2) inhibitors have the additional bene-
fit of the reduction of the incidence of gastrointestinal 
(GI) side effects. The SUCCESS-I study compared the 
safety and efficacy of COX-2 inhibitors versus nonselec-
tive NSAIDs in 13,274 patients with osteoarthritis. Cele-
coxib (Celebrex, Pfizer) was found to be as effective 
as the nonselective NSAIDs as measured by patients’ 
assessment of arthritis pain, as well as joint stiffness 
and function.5 GI-related complications were signifi-
cantly less common among patients taking celecoxib 
than among those receiving traditional NSAIDs. Cardio-
thromboembolic events were infrequent and compara-
ble for the 2 arms of the study.5

A Cochrane review of 65 trials showed that nonselec-
tive NSAIDs were slightly effective for short-term symp-
tomatic relief in the treatment of patients with acute 
and chronic low back pain without radicular symptoms 
and that patients treated with COX-2 agents, although 
not getting superior pain relief, reported fewer side 
effects.6 Related to COX-2 agents is the drug meloxi-
cam, an oxicam derivative thought to be relatively 
COX-2 preferential at low therapeutic doses.7 A recent 
study demonstrated that NSAIDs reduce the morphine 
requirement in patient-controlled analgesia after major 
surgery with a concomitant reduction in morphine-
related side effects such as postoperative nausea, vom-
iting, and sedation.8 Both celecoxib and ibuprofen (an IV 
form of ibuprofen [Caldolor, Cumberland Pharmaceuti-
cals] approved by the FDA in 2009) have been reported 
to diminish pain after ambulatory surgery, enhancing 
both the quality of recovery and patient satisfaction.9 
NSAIDs have been included in practice guidelines for 
acute pain management in the perioperative setting.10 

NON-NSAID ANALGESICS 
The platelet-sparing properties of the non-NSAID 

acetaminophen, which has recently become avail-
able in an IV preparation in the United States (Ofirmev, 
Cadence Pharmaceuticals), and selective COX-2 inhib-
itors make them appropriate for most patients as part 
of multimodal analgesia in the perioperative setting.11

ANTIDEPRESSANTS 
Antidepressants have several mechanisms of action 

including inhibition of the reuptake of norepinephrine 
and serotonin, calcium channel blockade, sodium chan-
nel blockade, N-methyl-D-aspartate receptor antago-
nism, and activation of opioid receptors.12 They have 
been widely used for the treatment of neuropathic 
pain, a group of disorders characterized by damage or 
dysfunction of the central or peripheral nervous sys-
tems. They have been classified based on their mode 

Case 1

A 52-year-old woman complained of severe pain 
on day 1 following a right radical mastectomy and 
lymph node dissection. She was receiving morphine 
by self-administration pump in escalating dosages 
but without relief, and began experiencing nausea 
and vomiting. She described her pain as aching, stab-
bing, and burning. 

In response to her complaints, IV administration 
of 1,000 mg of IV acetaminophen (Ofirmev, Cadence 
Pharmaceuticals) and 400 mg of IV ibuprofen (Cal-
dolor, Cumberland Pharmaceuticals) every 6 hours 
was initiated. The patient was treated with antiemet-
ics and her morphine dose was decreased.  When 
the patient’s nausea abated, she was started on oral 

gabapentin, at a dose of 100 mg twice daily.
By postoperative day 2, the patient’s pain com-

plaints had greatly diminished. Her  morphine was 
discontinued and she was converted to 5 mg of oral 
oxycodone with 325 mg of acetaminophen orally 
every 4 hours as needed. She was converted to 
100 mg of celecoxib (Celebrex, Pfizer) twice daily, and 
her gabapentin was maintained at 100 mg 3 times per 
day. She was discharged that afternoon.

In this case, opioid monotherapy not only pro-
duced inadequate analgesia for the patient but also 
resulted in unpleasant, poorly tolerated side effects. 
Instituting multimodal therapy with opioid adjuvant 
analgesics led to rapid, marked improvement. 
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of action and include traditional tricyclic antidepres-
sants (TCAs), reversible inhibitors of monoamine oxi-
dase inhibitors type A, selective serotonin reuptake 
inhibitors (SSRIs), and selective norepinephrine reup-
take inhibitors (SNRIs).13

A 2007 Cochrane review assessed the effectiveness 
and safety of antidepressant drugs in the treatment of 
neuropathic pain.14 Sixty-one trials of 20 antidepres-
sants were considered eligible for inclusion. TCAs and 
SSRIs had a number needed to treat (NNT) of approx-
imately 3. No study of SNRIs was included. Meta-anal-
yses evaluating the effectiveness of TCAs and SSRIs in 
the treatment of fibromyalgia have shown that both 
types of medications improve a patient’s sense of well-
being, sleep pattern, fatigue, and pain.15

A 2009 study explored antidepressant dose- or con-
centration-response relationships in achieving optimal 
analgesia for the treatment of chronic pain and affirmed 
that TCAs produce analgesia in much lower doses than 
those required for an antidepressant effect.16

Failure to respond to treatment with these agents 
might indicate low drug concentrations owing to poor 
compliance or absorption. It has been suggested that 
monitoring drug concentrations might prove useful in 
cases of treatment failure, noncompliance, drug–drug 
interaction, and severe adverse reactions.16

ANTICONVULSANTS

Anticonvulsants are another commonly used family 
of adjuvant analgesics. The basis for the effectiveness 
of anticonvulsants for the treatment of neuropathic 
pain appears to be related to a shared pathophysiol-
ogy with epilepsy17; both conditions are characterized 
by neuronal hyperexcitability. The hyperexcitable state 
of neuropathic pain is marked by reduced thresholds 
(sensitization) and ectopic discharges at the spinal dor-
sal horn or dorsal root ganglion.18 

Among the mechanisms of action of anticonvul-
sants are the modulation of voltage-gated sodium and 
calcium (specifically, the α2δ-subunit) channels and 

inhibition of γ-aminobutyric acid (GABA).19 Anticonvul-
sants that have received FDA approval for neuropathic 
pain include carbamazepine for trigeminal neuralgia; 
gabapentin for postherpetic neuralgia (PHN); and pre-
gabalin (Lyrica, Pfizer) for PHN, diabetic peripheral 
neuropathy, and fibromyalgia. Multiple studies have 
demonstrated their efficacy. Both gabapentin and pre-
gabalin have few drug–drug interactions, and their route 
of renal excretion may offer an advantage for patients 
with hepatic compromise.20-23 Pregabalin provides the 
potential benefits of relatively rapid titration, linear 
pharmacokinetics, and an early onset of analgesia.24 
Dose-dependent AEs include somnolence, dry mouth, 
dizziness, and edema. Gabapentin demonstrates non-
linear pharmacokinetics; its adverse reactions are simi-
lar to those of pregabalin.25

Carbamazepine has been demonstrated to be of 
potential value in the treatment of trigeminal neural-
gia. Its analgesic properties derive from its ability to 
block voltage-dependent sodium channels, resulting 
in membrane stabilization and decreased discharges 
from ectopic nerves.26 Common side effects of carba-
mazepine include dizziness, nausea, drowsiness, blurred 
vision, and ataxia. More serious reactions may include 
leukopenia, liver dysfunction, and hyponatremia.26 

Oxcarbazepine is a ketoanalog of carbamazepine. 
It binds to sodium channels in their inactive state, 
increases potassium channel conductance, and modu-
lates high-voltage–activated calcium channels.27 Oxcar-
bazepine is used as a second-line agent in trigeminal 
neuralgia for patients who fail to respond to carba-
mazepine.28 It also may be effective in the treatment of 
painful diabetic neuropathy.29

Phenytoin is one of the oldest adjuvant analgesics. It 
inhibits the presynaptic release of glutamate and blocks 
sodium channels.30 The NNT of phenytoin for effective-
ness in the treatment of painful diabetic neuropathy has 
been reported as 2.1 (95% confidence interval, 1.5-3.6).31 
Potential AEs include nystagmus, ataxia, slurred speech, 
decreased coordination, mental confusion, nausea, 

Case 2 

A 57-year-old man is scheduled to undergo left 
knee replacement. His medical history is significant 
for hypertension and chronic obstructive pulmonary 
disease. He is a nonsmoker and drinks alcohol socially. 
The patient has had chronic pain in his left knee, for 
which he has been taking ibuprofen (800 mg twice 
daily) chronically. For periodic episodes of break-
through pain, he has taken 5 mg oxycodone with 
325 mg of acetaminophen once or twice a day. He 
requested that the use of opioids postoperatively be 
limited as much as possible.

On the day of his surgery he is given 400 mg cele-
coxib (Celebrex, Pfizer), along with 150 mg pregab-
alin (Lyrica, Pfizer), both orally, with a sip of water 

before entering the operating room. The surgery is 
performed under spinal anesthesia augmented by a 
single shot femoral block with ropivacaine. Approx-
imately 30 minutes before the end of surgery, the 
patient is given 1 g IV acetaminophen (Ofirmev, 
Cadence Pharmaceuticals).

Twelve hours after surgery, the patient receives 
another dose of celecoxib (200 mg) and 150 mg of 
pregabalin. He also receives 650 mg of acetamino-
phen orally for primary pain control every 6 hours. 
IV morphine is used sparingly to control moderate to 
severe breakthrough pain in the first 24 hours after 
surgery. The patient reports good pain control and 
minimal opioid-related side effects.
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vomiting, constipation, hepatic compromise, thrombo-
cytopenia, leukopenia, granulocytopenia, agranulocyto-
sis, and pancytopenia with or without suppression of 
bone marrow.32

Lamotrigine has shown some efficacy for trigeminal 
neuralgia that is resistant to carbamazepine.33 The anal-
gesic effect of lamotrigine appears to result from its 
blockade of tetrodotoxin-resistant sodium channels and 
from an inhibition of glutamate release from presynap-
tic neurons.34 Lamotrigine has been studied in both ani-
mals and humans and may reduce pain associated with 
a variety of conditions including diabetic neuropathy, 
multiple sclerosis, spinal cord injury, central poststroke 
pain, polyneuropathy, complex regional pain syndrome, 
and trigeminal neuralgia.35

Other anticonvulsants include valproic acid, sodium 
valproate, and topiramate. Although several small-scale, 
randomized controlled trials have evaluated their effi-
cacy in the treatment of neuropathic pain, the evidence 
regarding their routine clinical use as adjuvant analge-
sics has been equivocal.36

MUSCLE RELAXANTS

Skeletal muscle relaxants encompasses several 
medications with multiple modes of action. Cyclo-
benzaprine is widely used for the treatment of mus-
culoskeletal disorders. It also has been reported to be 
effective in the treatment of fibromyalgia.38 Animal 
studies have suggested that cyclobenzaprine activates 
the locus ceruleus in the brain stem, increases release 
of norepinephrine in the ventral horn of the spinal cord, 
and inhibits α-motor neurons.39 The drug is structurally 
related to TCAs and has a similar AE profile. Concom-
itant use with tramadol may precipitate seizures, and 
caution should be used when prescribing cyclobenza-
prine  to patients with arrhythmias, congestive heart 
failure, hyperthyroidism, and during the acute recovery 
phase following a myocardial infarction.40

Tizanidine is a centrally acting skeletal muscle relax-
ant. An α2-receptor agonist, tizanidine inhibits the 
release of excitatory amino acids from spinal inter-
neurons. It is chemically related to clonidine but has 
significantly less antihypertensive effect.41 A 2008 
review reported that tizanidine was helpful not only for 
patients with spasticity from spinal cord injury, trau-
matic brain injury, and multiple sclerosis but also for 
those with chronic low back and neck pain associated 
with myofascia.42 Tizanidine should be used with cau-
tion in patients with impaired renal function, as clear-
ance is decreased by 50% when creatinine clearance 
falls below 25 mL per minute.43

Baclofen is a GABA analog that acts on GABAB 
receptors, which are abundant throughout the cen-
tral nervous system.44 Baclofen reduces hyperreflexia, 
a feature of phasic spasticity, but typically is less ben-
eficial in patients with supraspinal spasticity.45 A 1994 
study showed the drug to be more effective for mus-
cle relaxation than diazepam.46 It is FDA-approved to 
be given intrathecally in patients with severe spasticity 

who cannot tolerate oral medications. Rapid withdrawal 
of baclofen may precipitate a life-threatening reaction 
and rebound phenomenon, and it therefore must be 
tapered slowly.

TOPICAL AGENTS

Lidocaine 5% patch (Lidoderm, Endo Pharmaceuti-
cals) is FDA-approved for the treatment of PHN. Lido-
caine gel reduces ectopic activity in the voltage-gated 
sodium channels of damaged sensory nerves.47 The 
patch also acts as a mechanical barrier that may relieve 
allodynia in some patients. Because of its delivery sys-
tem, systemic side effects are rare. The most com-
mon adverse reaction is local skin irritation. Additional, 
unapproved uses include the treatment of painful dia-
betic peripheral polyneuropathy and low back pain.48 

Capsaicin, which is derived from chili peppers, stim-
ulates transient receptor potential vanilloid receptors 
and subsequently depletes substance P from sensory 
nerve fibers.49 A meta-analysis of the effectiveness of 
capsaicin in patients with painful diabetic polyneurop-
athy demonstrated a benefit of the compound over pla-
cebo. Common side effects include local skin irritation 
and burning.50 The FDA has approved a high-concen-
tration 8% capsaicin patch (Qutenza, NeurogesX) for 
the treatment of PHN.51

Diclofenac is an NSAID that is available in a 1% gel 
(Voltaren, Endo Pharmaceuticals and Novartis) and a 
1.3% patch (Flector, Pfizer). A recent study reviewed 
the safety and efficacy of diclofenac 1% gel in patients 
with knee osteoarthritis and found statistically signifi-
cant improvement in several measures of pain and func-
tion.52 The most common AE was mild local dermatitis.

Table 2. First-Tier Adjuvants for 
Neuropathic Pain

Medication
Daily Dose 
Range Major Side Effects

Duloxetine 30–120 mg Nausea

Gabapentin 100–3,600 
mg 

Sedation, dizziness, 
peripheral edema

Pregabalin 150-600 mg Sedation, dizziness, 
peripheral edema

Nortriptyline 25-150 mg Sedation, dry 
mouth, blurred 
vision, weight gain, 
urinary retention

Venlafaxine 37.5–225 mg Nausea

Lidocaine 
patch, 5%

1-3 patches 
daily for a 
maximum of 
12 h 

Local erythema, 
rash

Adapted from reference 55. 
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Topically applied single or multiagent analgesics 
compounded by specialty pharmacies also are avail-
able. A 2002 email study that surveyed 120 clinicians 
revealed that 27% (n=32) reported using compounded 
topical agents as part of their practice. These clinicians 
perceived that 43% (±4%) of treated patients responded 
favorably to the topical agents, with an average of 47% 
(±3%) reporting pain relief and few AEs.53 A recent case 
study showed that a combination topical cream consist-
ing of isosorbide dinitrate 0.4%, capsaicin 0.075%, and 
lidocaine 3% was effective in decreasing pain in a dia-
betic patient with painful neuropathy unresponsive to 
oral pregabalin and topical capsaicin.54

Conclusion
Adjuvant analgesics offer an alternative approach 

to the monomodal use of opioids for pain and have 
been noted to be especially useful in treating patients 
with neuropathic pain55 (Table 2). They may serve as 
either primary or synergistic agents. As part of a mul-
timodal approach to the treatment of pain, they offer 
many potential advantages. Clinicians who incorpo-
rate these drugs into their practice may help patients 
increase activity levels, decrease their dependence on 
opioid monomodal therapy, experience enhanced anal-
gesia, and enjoy an increased quality of life.

References

1. National Institutes of Health. NIH guide: New directions in pain 
research: 1. Bethesda, MD: National Institutes of Health. 1998 
Sept. 4. http://grants.nih.gov/grants/guide/pa-files/PA-98-102.html.

2. Wallenstein DJ, Portenoy RK. Nonopioid and adjuvant analgesics. 
In: Berger AM, Portenoy RK, Weissman DE, eds. Principles and 
Practice of Palliative Care and Supportive Oncology. New York: 
Lippincott Williams & Wilkins; 2002:435-455.

3. Knotkova H, Pappagallo M. Adjuvant analgesics. Anesthesiol Clin. 
2007;25(4):775-786.

4. Buvanendran A, Lipman A. Nonsteroidal Anti-inflammatory Drugs 
and Acetaminophen. In: Bonica’s Management of Pain. 4th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2010:1157-1171.

5. Singh G, Fort JG, Goldstein JL, et al. Celecoxib versus naproxen 
and diclofenac in osteoarthritis patients: SUCCESS-I study. 
Am J Med. 2006;119:(3)255-266.

6. Roelofs PD, Deyo RA, Koes BW, Scholten RJ, van Tulder MW. Non-
steroidal anti-inflammatory drugs for low back pain. Cochrane 
Database Syst Rev. 2008;(1):CD000396.

7. Fleischmann R, Iqbal I, Slobodin G. Meloxicam. Expert Opin 
Pharmacother. 2002;3(10):1501-1512.

8. McDaid C, Maund E, Rice S, Wright K, Jenkins B, Woolacott 
N. Paracetamol and selective and non-selective nonsteroidal 
anti-inflammatory drugs (NSAIDs) for the reduction of morphine-
related side effects after major surgery: a systematic review. Health 
Technol Assess. 2010;14(17):1-153.

9. White PF, Tang J, Wender RH, et al. The effects of oral ibuprofen 
and celecoxib in preventing pain, improving recovery outcomes 
and patient satisfaction after ambulatory surgery. Anesth Analg. 
2011; 112(2):323-329.

10. Buvanendran A, Kroin JS. Multimodal analgesia for controlling 
acute postoperative pain. Curr Opin Anaesthesiol. 2009; 22(5): 
588-593.

11. Leese PT, Hubbard RC, Karim A, Isakson PC, Yu SS, Geis GS. 
Effects of celecoxib, a novel cyclooxygenase-2 inhibitor, on platelet 
function in healthy adults: a randomized, controlled trial. J Clin 
Pharmacol. 2000;40(2):124-132. 

12. Sindrup SH, Otto M, Finnerup NB, Jensen TS. Basic Clin Pharmacol 
Toxicol. 2005;96(6):399-409.

13. Shelton RC. Classification of antidepressants and their clinical 
implications. Primary Care Companion. J Clin Psychiatry. 
2003;5(suppl 7):27–32. 

14. Saarto T, Wiffen PJ. Antidepressants for neuropathic pain. 
Cochrane Database Syst Rev. 2007;17;(4):CD005454.

15. Rosenzweig T, Thomas T. An update on fibromyalgia syndrome: a 
multimodal therapeutic approach. Am J Lifestyle Med. 2009;3:226.

16. Atkinson JH, Patel SM, Meyer JM, Slater MA, Zisook S, Capparelli E. 
Is there a therapeutic window for antidepressants with analgesic 
response? Curr Pain Headache Rep. 2009;13(2):93-99.

17. Kong V, Irwin M. Adjuvant analgesics in neuropathic pain. Eur J 
Anaesthesiol. 2009;26(2):96-100.

18. Han HC, Lee DH, Chung JM. Characteristics of ectopic discharges 
in a rat neuropathic pain model. Pain. 2000;84(2-3):253–261.

19. McGeeney B. Adjuvant agents in cancer pain. Clin J Pain. 2008; 24 
(suppl 10):S14-S20.

20. Rice AS, Maton S; Postherpetic Neuralgia Study Group. Gabapentin 
in postherpetic neuralgia: a randomized, double blind, placebo 
controlled study. Pain. 2001;94(2):215-224.

21. Neurontin [package insert]. New York, NY: Pfizer; 2007. 

22. Siddall PJ, Cousins MJ, Otte A, Griesing T, Chambers R, Murphy TK. 
Neurology. 2006;67(10):1792-1800.

23. Caraceni A, Zecca E, Bonezzi C, et al. Gabapentin for neuropathic 
cancer pain: a randomized controlled trial from the Gabapentin 
Cancer Pain Study Group. J Clin Oncol. 2004;22(14):2909-2917.

24. McEvoy GK, Snow EK, Miller J, et al., eds. AHFS 2008 Drug 
Information. Bethesda, MD: American Society of Health-System 
Pharmacists; 2008.

25. Brungon LL, Lazo JS, Parker KL, eds. Goodman and Gilman’s The 
Pharmacological Basis of Therapeutics. 10th ed. New York, NY: 
McGraw-Hill; 2001. 

26. McQuay H, Carroll D, Jadad AR, Wiffen P, Moore A. Anticonvulsant 
drugs for management of pain: a systematic review. BMJ. 1995; 
311(7012): 1047-1052. 

27. Ichikawa K, Koyama N, Kiguchi S, Kojima M, Yokota T. Inhibitory 
effect of oxacarbamazepine on high-frequency firing in peripheral 
nerve fibers. Eur J Pharmacol. 2001;420(2-3):119-122. 

28. Gomez-Arguelles J, Dorado R, Sepulveda J et. al. Oxcarbazepine 
monotherapy in carbamazepine-unresponsive trigeminal neuralgia. 
J Clin Neurosci. 2008;15(5):516-519. 

29. Dogra S, Beydoun S, Mazzola J, Hopwood M, Wan Y. 
Oxcarbazepine in painful diabetic neuropathy: a randomized, 
placebo-controlled study. Eur J Pain. 2005;9(5):543-554. 

30. Yaari Y, Devon M. Phenytoin suppresses ectopic discharge in rat 
sciatic nerve neuromas. Neurosci Lett. 1985;58(1):117-122.

31. Wiffen PJ, Collins S, McQuay HJ, Carroll D, Jadad A, Moore RA. 
Anticonvulsant drugs for acute and chronic pain. Cochrane 
Database Syst Rev. 2010;(1):CD001133. WITHDRAWN.

32. Dilantin [package insert]. New York, NY: Pfizer; 2006

33. Zakrzewska JM, Chaudhry Z, Nurmikko TJ, Patton DW, Mullens EL. 
Lamotrigine (lamictal) in refractory trigeminal neuralgia: results 
from a double-blind placebo controlled crossover trial. Pain. 1997; 
73(2): 223-230.

INDEPENDENT LY  DEVELOP ED BY  M C M AH ON P UBL ISHIN G6

Copyright © 2011 M
cM

ahon Publishing Group unless otherwise noted. 

All rights reserved. Reproduction in whole or in part without permission is prohibited.



34. McNamara J. Drugs acting on the central nervous system. 
In: Harman G, Limbird LE, Morinoff PB, et al, eds. Goodman and 
Gilman’s The Pharmacological Basis of Therapeutics. 9th ed. New 
York, NY: McGraw-Hill; 1996:461-486. 

35. Eisenberg E, Shifrin A, Krivoy N. Lamotrigine for neuropathic pain. 
Expert Rev Neurother. 2005;5(6):729-735.

36. Zin CS, Nissen LM, Smith MT, O’Callaghan JP, Moore BJ. An update 
on the pharmacological management of post-herpetic neuralgia 
and painful diabetic neuropathy. CNS Drugs. 2008;22(5):417-442.

37. Elenbaas JK. Centrally acting oral skeletal muscle relaxants. Am J 
Hosp Pharm. 1980;37(10):1313-1323.

38. Chou R, Peterson K. Drug Class Review: Skeletal Muscle Relaxants: 
Final Report [Internet]. Portland, OR: Oregon Health & Science 
University; 2005.

39. Commissiong JW, Karoum F, Reiffenstein RJ, Neff NH. 
Cyclobenzaprine: a possible mechanism of action for its muscle 
relaxant effect. Can J Physiol Pharmacol. 1981;59(1):37-44.

40. Flexeril [package insert]. Fort Washington, PA: McNeil Consumer & 
Specialty Pharmaceuticals; 2003.

41. Coward DM. Tizanidine: neuropharmacology and mechanism of 
action. Neurology. 1994;44(11 suppl 9):S6-S10.

42. Malanga G, Reiter RD, Garay E. Update on tizanidine for muscle 
spasticity and emerging indications. Expert Opin Pharmacother. 
2008; 9(12):2209-2215.

43. Zanaflex [package insert]. Hawthorne, NY: Acorda Therapeutics; 
2008

44. Price GW, Wilkin GP, Turnbull MJ, Bowery NG. Are baclofen-
sensitive GABAB receptors present on primary afferent terminals 
of the spinal cord? Nature. 1984;307(5946):71-74.

45. Saltuari L, Kronenberg M, Marosi M, et al. Long-term intrathecal 
baclofen treatment in supraspinal spasticity. Acta Neurol (Napoli) 
1992;14(3):195–207.

46. Waldman HJ. Centrally acting skeletal muscle relaxants and 
associated drugs. J Pain Symptom Manage. 1994;9(7):434-441. 

47. Rowbotham MC, Davies PS, Verkempinck C, Galer BS. Lidocaine 
patch: double-blind controlled study of a new treatment method 
for post-herpetic neuralgia. Pain. 1996;65(1):39-44.

48. Argoff C. Conclusions: chronic pain studies of lidocaine 5% using 
the neuropathic pain scale. Curr Med Res Opin. 2004;20(suppl 2): 
S29-S31.

49. Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD, 
Julius D. The capsaicin receptor: a heat-activated ion channel in the 
pain pathway. Nature. 1997;389(6653):816-824.

50. Zhang WY, Li Wan Po A. The effectiveness of topically applied 
capsaicin. A meta-analysis. Eur J Clin Pharmacol. 1994; 46(6): 
517-522.

51. Wallace M, Pappagallo M. Qutenza: a capsaicin 8% patch for the 
management of postherpetic neuralgia. Expert Rev Neurother. 2011; 
11(1):15-27.

52. Baraf HS, Gloth FM, Barthel HR, Gold MS, Altman RD. Safety and 
efficacy of topical diclofenac sodium gel for knee osteoarthritis in 
elderly and younger patients: pooled data from three randomized, 
double-blind, parallel-group, placebo-controlled, multicentre trials. 
Drugs Aging. 2011;28(1):27-40.

53. Ness T, Jones L, Smith H. Use of compounded topical analgesics-
results of an internet survey. Reg Anesth Pain Med. 2002; 27(3): 
309-312.

54. Kopsky DJ, Keppel Hesselink JM. A new combination cream for the 
treatment of severe neuropathic pain. J Pain Symptom Manage. 
2010; 39(2):e9-e10.

55. Dworkin R, O’Connor A, Backonja M, et al. Pharmacologic manage-
ment of neuropathic pain: evidence-based recommendations. Pain. 
2007; 132(3):237-251.

A N E STHE SIOLOGY  N E WS •  JULY  201 1 7

Copyright © 2011 M
cM

ahon Publishing Group unless otherwise noted. 

All rights reserved. Reproduction in whole or in part without permission is prohibited.



Register for free @ www.AnesthesiologyNews.com

Each installment contains 
articles from the current 
month’s issue ahead of print, 
as well as links to podcasts and 
other Web-exclusive content

Get the latest news from the best-read 
anesthesiology publication in the country delivered 
directly to your computer or mobile device for free!

e-Newsletters 
and e-Alerts

Follow us on 

anesthesianews

Copyright © 2011 M
cM

ahon Publishing Group unless otherwise noted. 

All rights reserved. Reproduction in whole or in part without permission is prohibited.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 3.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 150
        /LineArtTextResolution 300
        /PresetName ([Medium Resolution])
        /PresetSelector /MediumResolution
        /RasterVectorBalance 0.750000
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




