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Abstract: Patients with postherpetic neuralgia (PHN) are often of advanced age or 

immunocompromised and likely to have $1 comorbid medical condition for which they 

receive $1 medication (polypharmacy). Comorbidities affecting renal or hepatic function can 

alter pharmacokinetics, thereby impacting the efficacy or tolerability of PHN analgesic therapies. 

Cardiovascular, cerebrovascular, or psychiatric comorbidities may increase patient vulnerability 

to potential adverse events associated with some PHN analgesic therapies. Because PHN is a 

localized condition, localized therapy with a topical analgesic (lidocaine patch 5% and capsai-

cin 8% patch or cream) may provide adequate efficacy while mitigating the risk of systemic 

adverse events compared with oral analgesics (eg, tricyclic antidepressants, anticonvulsants, 

opioids). However, combined therapy with a topical and an oral analgesic or with .1 oral anal-

gesic may be needed for optimal pain management in some patients. This review summarizes 

how comorbidities and concomitant medications should be taken into account when selecting 

among available pharmacotherapies for PHN and provides recommendations for the selection 

of therapies that will provide analgesia while minimizing the risk of adverse events.

Keywords: calcium channel α2-δ ligand, comorbidities, lidocaine patch, polypharmacy, pos-

therpetic neuralgia, TCA

Introduction
The incidence of postherpetic neuralgia (PHN) increases with age.1,2 The estimated 

incidence of acute herpes zoster (AHZ) infection from a population-based survey 

(Olmstead, MN, USA) increased dramatically with age, from 2.3 cases per 1,000 

person–years (age 40–49 years) to 4.7 cases (age 50–59 years), 7.1 cases (age 

60–69 years), 10.0 cases (age 70–79 years), and 12.0 cases (age $80 years) per 1,000 

person–years.2 Of these individuals, the proportion who develop PHN (defined in the 

Olmstead survey as AHZ–associated pain lasting $90 days) also increased with age, 

from 5% in individuals ,60 years of age to 10% in those aged 60 to 69 years, 17% in 

those aged 70 to 79 years, and 20% in individuals aged $80 years.2

As with PHN, other medical conditions become more prevalent with age. For 

example, older individuals have an increased risk of cardiovascular disease,3 and renal4,5 

and hepatic dysfunction6 naturally increases with age. Older patients frequently take 

multiple medications for comorbid conditions,7,8 making drug interactions common 

in this population.9 PHN does, however, occur in younger individuals, particularly 

those who are immunocompromised because of medical conditions such as human 

immunodeficiency virus or multiple sclerosis.2
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Thus, many who have PHN are individuals with comorbid 

conditions who are taking multiple medications. Nonetheless, 

current treatment guidelines for PHN are mainly based on 

evidence from randomized controlled clinical trials,10 which 

may exclude patients with certain comorbidities, patients 

taking certain medications, or patients who are outside a 

prespecified age range.11 This review will summarize how 

comorbidities and concomitant medications should be taken 

into consideration when selecting appropriate therapeutic 

agents to alleviate PHN pain.

Search methodology
Articles cited in this review were identified via a search 

of PubMed for literature published in English from 

February 15, 2003, through February 14, 2013, including 

clinical trials, guidelines, meta-analyses, systematic reviews, 

and case reports but excluding narrative reviews, letters, and 

expert opinion articles. With these limitations, 150 articles 

were identified using the search string “postherpetic neuralgia 

AND (tricyclic antidepressant* OR amitriptyline OR nortrip-

tyline OR desipramine OR anticonvulsant OR gabapentin 

OR pregabalin OR carbamazepine OR oxcarbazepine OR 

lamotrigine OR serotonin norepinephrine reuptake inhibi-

tor OR duloxetine OR venlafaxine OR selective serotonin 

reuptake inhibitor OR lidocaine OR capsaicin OR opioid* 

OR tapentadol OR tramadol)”. Articles were selected that 

discussed comorbidities and adverse events; in addition, 

searches were performed for each medication term combined 

with the following general search terms: active metabolites; 

addiction; adverse effects, safety or toxicity; cardiovascular 

disease; cerebrovascular disease, dementia, or brain injury; 

drug interactions; formulations; hepatic impairment; phar-

macokinetics; pharmacology; psychiatric illness; receptor 

binding; receptor; renal impairment; respiratory disease. 

The reference lists of relevant papers were examined for 

additional articles of interest, and the authors included further 

articles with which they were familiar and considered helpful 

to introduce and discuss the topic.

Drugs recommended  
for postherpetic neuralgia
First-line therapies
Tricyclic antidepressants
Tricyclic antidepressants (TCAs) are recommended as 

first-line therapies for neuropathic pain in US,12 European,13 

Canadian guidelines,14 and international expert consensus 

recommendations.15 Their efficacy has been established 

in randomized controlled trials in patients with PHN. In 

meta-analyses, numbers needed to treat (NNT) with a TCA 

(amitriptyline, nortriptyline, desipramine) for a 50% reduc-

tion in PHN pain ranged from 2.5 to 2.7.16–18

However, adverse events associated with TCAs include 

anticholinergic effects (eg, xerostomia, urinary retention, 

constipation) and orthostatic hypotension.19 Cardiotoxicity 

with TCAs has also been reported, including an increased risk 

of myocardial infarction.20–22 As discussed in a later section, 

anticholinergic and cardiovascular effects are important in 

several patient populations. Guideline recommendations are 

summarized in Table 1.

Calcium channel α2-δ ligands
Like the TCAs, the calcium channel α2-δ ligands gabapentin 

and pregabalin are consistently recommended as first-line 

therapy for neuropathic pain across treatment guidelines.12–15 

In a meta-analysis, the NNT for a 50% reduction in pain were 

4.39 with gabapentin and 4.93 with pregabalin.17 However, in 

Cochrane reviews, the NNT was higher for gabapentin (7.5) 

and lower for pregabalin (3.9).23,24

In pooled analyses, the most common adverse events 

with gabapentin have been dizziness (up to 10%–21%), 

Table 1 Drugs recommended as therapy for postherpetic neuralgia

American academy  
of neurology 
200412

Canadian pain society 
200714

International association  
for the study of pain 
201010

European federation of  
neurological societies 
201013

Tricyclic antidepressants First-line First-line First-line First-line
Anticonvulsants
 Gabapentin First-line First-line First-line First-line
 Pregabalin First-line First-line First-line First-line
 Lidocaine patch 5% First-line Second-line First-line First-line
 Tramadol First-linea Third-line Second-line Not recommended
 Opioids First-line Third-line Second-line Second-line
 Capsaicin 8% patch Second line No recommendation Third-line Second-line
 Capsaicin cream Second-line No recommendation No recommendation Second-line

Note: aGrouped with opioids.
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somnolence (7%–16%), peripheral edema (1%–8%), gait 

disturbance (9.0%), diarrhea (5.0%), nausea (3.7%), and head-

ache (3.1%).24,25 In a meta-analysis of eleven clinical trials,26 

adverse events in patients with PHN treated with pregabalin 

included dizziness (7%–49%), somnolence (7%–29%), 

peripheral edema (5%–17%), xerostomia (0%–14%), 

weight gain (1%–13%), infection (1%–16%), and asthenia 

(3%–10%).26 According to a Cochrane review, dizziness was 

reported in 35% of patients with PHN receiving pregabalin 

600 mg;23 this is generally consistent with the aforementioned 

meta-analysis, which found 30% to 49% of patients reporting 

dizziness while receiving pregabalin 600 mg.26 In general, the 

occurrences of dizziness, somnolence, and peripheral edema 

increased with age, whereas the occurrences of xerostomia 

and weight gain decreased with age.26

Lidocaine patch 5%
Lidocaine patch 5% is recommended as a first-line therapy 

for PHN in US,12 European,13 and international15 neuropathic 

pain guidelines and expert consensus recommendations, and 

topical lidocaine formulations are considered a second-line 

therapy in the Canadian guidelines.14 The lidocaine patch 5% 

has demonstrated efficacy and generally good tolerability in 

patients with PHN who participated in an enriched-enroll-

ment, randomized-withdrawal, double-blind, placebo-

controlled trial27 or in a long-term, open-label study.27,28 In 

head-to-head trials, lidocaine patch 5% was more effective 

than pregabalin.29,30

In the first of two head-to-head trials,29 percentage reduc-

tions in Numerical Rating Scale (NRS-3) scores during 

4 weeks of treatment were 36.3% with lidocaine patch 5% 

versus (vs) 29.8% with pregabalin. The proportion of patients 

who experienced a $30% improvement in NRS-3 score was 

higher with lidocaine patch 5% than with pregabalin (57.8% 

vs 48.8%), as was the proportion who experienced a $50% 

improvement (35.6% vs 20.9%).

In the second comparative trial,30 reductions in Short-

Form McGill Pain Questionnaire scores during 4 weeks 

of treatment improved by 40.0% in the lidocaine patch 5% 

group and 30.1% in the pregabalin group. The proportion of 

patients who experienced sufficient analgesia, defined as an 

absolute NRS-3 score #4 (ten-point scale), was higher in 

the lidocaine group (25 of 50; 50%) than in the pregabalin 

group (14 of 48; 29.2%).

Lidocaine patch 5% was better tolerated than pregabalin 

in the head-to-head trials.29,30 Adverse events with lidocaine 

patch 5% consisted primarily of application-site reactions, 

whereas adverse events with pregabalin included central 

nervous system events: dizziness, fatigue, somnolence, 

vertigo, and headache.29,30

Second-line or third-line therapy
Opioids
Opioids (oxycodone,31 morphine, and methadone32) have 

shown efficacy in patients with PHN. The NNT from these 

trials was 2.67, which is virtually identical to the NNT 

reported for TCAs in the same meta-analysis.17 Morphine 

and methadone have shown a nonsignificant trend toward 

greater pain relief compared with the TCAs nortriptyline and 

desipramine.32 Adverse events included those usually reported 

with opioid analgesics, including nausea, constipation, dizzi-

ness, xerostomia, anorexia, and sedation/somnolence.31,32

Despite the efficacy of opioids, opinion varies about their 

place in the treatment of PHN. US guidelines issued in 2004 

list opioids as a first-line therapy for PHN.12 Subsequent 

guidelines issued by the International Association for the 

Study of Pain (2007)15 and European Federation of Neuro-

logical Societies (EFNS; 2010)13 recommend them as second-

line therapy, whereas Canadian guidelines (2007)14 list them 

as a third-line option. The secondary place of opioids clearly 

reflects concerns about adverse events and abuse potential. 

Surveys of physicians have repeatedly shown that prescribers 

are particularly concerned about the risk of abuse.33–35

Tramadol
Tramadol combines opioid agonism with serotonin–

 norepinephrine reuptake inhibition. Like pure opioids, 

tramadol has shown efficacy in patients with PHN36 but 

is nonetheless listed as second-15 or third-line14 therapy in 

international neuropathic pain guidelines.15 EFNS guidelines 

state that tramadol is ineffective for PHN and do not recom-

mend it for this indication.13 According to meta-analysis, 

tramadol has shown less efficacy than strong opioids 

(NNT, 4.76).17

Topical capsaicin
Capsaicin (0.075%) cream or high-dose (8%) capsaicin 

patch works by activating local nerve fibers at the application 

site, which then become desensitized for a period of time.40 

A Cochrane review calculated an NNT for capsaicin cream 

of 6.6 (six studies) for any improvement of pain; the NNT for 

a $30% improvement in pain with capsaicin 8% patch was 

12 (two studies).41 However, in clinical trials, capsaicin 8% 

patch has been associated with mean improvements in 

numeric pain rating scale scores of ∼30% for up to 3 months 

with a single application.42,43
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In a meta-analysis of six double-blind, placebo-con-

trolled trials, 54% of patients receiving capsaicin cream 

had application-site pain and 13% of patients withdrew 

from treatment owing to adverse events.44 The capsaicin 

8% patch must be administered under medical supervi-

sion in the clinician’s office with local anesthetic during 

application; postprocedure analgesia is necessary in many 

patients.45

Additional therapies not recommended
Several medication classes have proven ineffective in patients 

with PHN. These include topical benzydamine, dextrometho-

rphan, fluphenazine, memantine, lorazepam, mexiletine, 

and cyclooxygenase-2 inhibitors.13 Several medications 

that have shown evidence of efficacy for other neuropathic 

pain conditions have not been studied in patients with PHN, 

including the serotonin–norepinephrine reuptake inhibitors 

(SNRIs) duloxetine and venlafaxine and the dual opioid/

SNRI tapentadol.

Interaction of analgesics  
with concomitant medications
Polypharmacy
Polypharmacy46 is common in several patient populations, 

including older patients, patients with cancer, and patients 

with at least one comorbidity using multiple medications.8,46–48 

The more medications a patient receives, the greater the risk 

for drug–drug interactions (DDIs). DDIs in patients receiving 

multiple medications may affect the pharmacokinetics (ie, 

absorption, distribution, metabolism, excretion) and pharma-

codynamics of drugs prescribed for PHN. Polypharmacy is 

likely to be an issue for a substantial proportion of patients 

with PHN, who are likely to be older and therefore have 

multiple conditions for which they receive medications. In 

a survey of 3,005 US adults aged 57 to 85 years,7 29% of 

all subjects used five or more medications daily, with the 

percentage increasing with age to 36% of women and 37% 

of men in subjects aged 75 to 85 years.

Pharmacokinetic interactions
Systemic therapies
Pharmacokinetic DDIs are dependent largely on the metabolic 

pathway of the medications taken, although DDIs may also 

be predisposed by genetic factors with certain medications. 

Some drugs recommended for the treatment of PHN undergo 

Phase 1 metabolism by the hepatic cytochrome P450 enzymes 

(most commonly CYP3 A4 and CYP2D6), which gives these 

agents a greater DDI potential than drugs undergoing Phase 

2 metabolism via glucuronidation. Drugs may also inhibit 

or induce cytochrome P450 enzymes, thereby altering the 

pharmacokinetics of concurrent medications that are metabo-

lized by these enzymes.49,50

Cytochrome P4503A4-mediated interactions are largely 

predictable and can usually be addressed by adjusting the drug 

dose, whereas CYP2D6-mediated interactions depend on con-

current medications and genetic factors. Up to 10% of white 

people have a genetic predisposition to poor CYP2D6 metabo-

lism,51,52 and up to 7% have genetic factors that make them 

rapid CYP2D6 metabolizers.53,54 Varying degrees of rapid 

or reduced CYP2D6-mediated metabolism have also been 

described in African55–57 and Asian58 populations.

As shown in Table 2, three TCAs (amitriptyline, nortrip-

tyline, and desipramine) recommended for patients with PHN 

are metabolized by CYP2D6,49 conferring on them pharma-

cokinetic variability that is genetically based or dependent 

on concurrent administration of drugs that are substrates 

of CYP2D6. Amitriptyline, desipramine, and nortriptyline 

are CYP3A4 inhibitors,50 giving them the potential to alter 

the pharmacokinetics of calcium channel blockers, statins, 

warfarin, phosphodiesterase inhibitors, selective-serotonin 

reuptake inhibitors (SSRIs), sleep aids (zolpidem, zopiclone), 

hormone therapies, and antiretrovirals.

Gabapentin and pregabalin are excreted as unchanged drug 

in urine and are not appreciably metabolized in humans59,60 and 

therefore have little potential for pharmacokinetic interactions. 

Opioids that do not undergo significant CYP metabolism (eg, 

morphine,61 hydromorphone,62 oxymorphone63) have few 

DDI risks.64 Conversely, fentanyl, hydrocodone, methadone, 

oxycodone, and tramadol are each metabolized by at least 

one CYP enzyme, conferring DDI risk on these agents.64 

In particular, methadone undergoes complex metabolism 

involving six CYP enzymes, necessitating special caution in 

patients who are taking multiple medications.65

Topical therapies
Lidocaine patch 5% is not associated with significant sys-

temic lidocaine exposure66–68 and therefore has little poten-

tial to cause DDIs. However, caution is needed in patients 

concomitantly receiving lidocaine and antiarrhythmic 

medications, especially in patients with severe hepatic disease, 

who have an inability to metabolize lidocaine.69 There are no 

known clinically meaningful interactions with topical capsai-

cin preparations,45 which do not accumulate in the system even 

when applied as a high-dose capsaicin 8% patch.70

Pharmacodynamic interactions
Potential for antagonistic, synergistic, or additive pharmaco-

dynamic DDIs exist. TCAs have additive effects and should 
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Table 2 Potential drug–drug interactions of drugs commonly prescribed for postherpetic neuralgia

Drug Metabolic pathwaya Pharmacokinetic interactions Pharmacodynamic interactions

Generally first-line therapies
Tricyclic antidepressants
 Amitriptyline CYP2D649,50 CYP2D6 substrates,  

CYP3A4 inhibitor49,50

Anticholinergic drugs (additive)  
Sympathomimetic drugs (additive)  
CNS depressants (additive)  
MAOis, guanethidine, thyroid medications, 
disulfiram (additive)71

 Nortriptyline CYP2D649,50 CYP2D6 substrates,  
CYP3A4 inhibitor49,50

Anticholinergic drugs (additive)  
Sympathomimetic drugs (additive)  
Chlorpropamide (hypoglycemia)72

 Desipramine CYP2D649,50 CYP2D6 substrates,  
CYP3A4 inhibitor49,50

Anticholinergic drugs (additive)  
Sympathomimetic drugs (additive)  
CNS depressants (additive)73

 Clomipramine CYP2D649,50 CYP2D6 substrates49 Anticholinergic drugs (additive)  
Sympathomimetic drugs (additive)  
CNS depressants (additive)  
Highly protein-bound drugs 
(eg, warfarin, digoxin)80

Calcium channel α2-δ ligands
 Gabapentin60 None Hydrocodone (reverse) 

Morphine 
(↑ gabapentin concentrations)

Minimal interaction potential

 Pregabalin59 None Minimal interaction potential Oxycodone (additive) 
Lorazepam (additive) 
Thiazolidinedione (additive)

 Lidocaine patch 5%69 None None Antiarrhythmics (additive)b

Generally second-line therapies
Opioids64

 Codeine CYP2D6/ 
glucuronidation

CYP2D6 substrates, inhibitors, and inducers Anticoagulants (additive) 
CNS depressants (additive)

 Fentanyl CYP3A4 CYP3A4 substrates, inhibitors, and inducers CNS depressants (additive)
 Hydrocodone CYP2D6/ 

glucuronidation
CYP2D6 substrates, inhibitors, and inducers CNS depressants (additive)

 Hydromorphone Glucuronidation Minimal interaction potential CNS depressants (additive)
 Methadone CYP2B6 

CYP2C8 
CYP2C19 
CYP2D6 
CYP2C9 
CYP3A4

CYP substrates, inhibitors, and inducers CNS depressants (additive) 
Arrhythmogenic agents –  
Class i and ii (additive) 
TCAs, CCBs, antipsychotics –  
selected (additive) 
Diuretics and laxatives

 Morphine Glucuronidation Minimal interaction potential CNS depressants (additive)
 Oxycodone CYP3A4/ 

CYP2D6
CYP3A4 substrates, inhibitors, and inducers/ 
CYP2D6 substrates, inhibitors, and inducers

CNS depressants (additive)

 Oxymorphone Glucuronidation Minimal interaction potential CNS depressants (additive)
 Tramadol CYP3A4, 2D6, 2B6 CYP3A4 substrates, inhibitors, and inducers 

CYP2D6 substrates, inhibitors, and inducers
CNS depressants (additive) 
SSRis, TCAs, SNRis, MAOis, 
cyclobenzaprine, triptans (additive)

 Capsaicin patch45 None None None

Notes: aSeveral opioids undergo CYP-mediated metabolism to metabolites that require glucuronidation. For example, codeine is metabolized to morphine, which then 
undergoes glucuronidation; bthis warning is for all formulations of lidocaine, including injectable formulations.
Abbreviations: CCBs, calcium channel blockers; CNS, central nervous system; CYP, cytochrome P450; MAOis, monoamine oxidase inhibitors; SNRis, serotonin–
norepinephrine reuptake inhibitors; SSRis, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

be used cautiously with other drugs that have cholinergic 

or sympathomimetic effects (eg, pseudoephedrine).71–73 

Desipramine reportedly has additive effects with tranquilizers 

or sedative/hypnotics.73 Caution is needed with the con-

comitant administration of pregabalin and a thiazolidinedione 

because of the combined potential for weight gain and 

peripheral edema.59

Opioids have additive effects with other drugs that depress 

the central nervous system. Tramadol, like pure opioids, 

also has additive effects with these agents and additive 
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effects with other serotonergic drugs.64 Coadministration 

of tramadol with other serotonergic drugs (eg, SSRIs) or 

opioids (ie, hydrocodone, morphine) has been associated 

with an increased risk of serotonin syndrome.74–76 Based on 

these potential effects, the maximum recommended dose of 

tramadol ER should not exceed 300 mg/day.77

As with pharmacokinetic interactions, application of the 

topical agents lidocaine patch 5% and capsaicin 8% patch 

result in low systemic drug exposure and are not likely to 

exert additive effects with other agents.66–68

Common comorbidities
Just as PHN becomes more common with age, comorbid 

diseases that complicate its treatment also become more 

prevalent with age. Various conditions (eg, renal and 

hepatic impairment; cardiovascular, cerebrovascular, and 

respiratory disease; brain disorders; and psychiatric condi-

tions) have the potential to alter the tolerability or efficacy 

of drugs prescribed for PHN either directly or as a result of 

polypharmacy.

Renal disease
Recommendations for the use of PHN therapies in patients 

with altered renal function are summarized in Table 3. 

Renal function in normal individuals declines by an esti-

mated 0.75 mL/minute annually after the fourth decade of 

life.4 At this rate, an 80-year-old individual with normal 

age-related decline in renal function may have two-thirds 

the renal function expected in individuals in their 20s.4,5 

Renal impairment is characterized by a creatinine clearance 

rate #80 mL/minute/m2.78 The prevalence of renal disease 

increases with age, climbing from ,1% in individuals aged 

18 to 44 years to nearly 5% in individuals aged $75 years.79 

Thus, the older patients who make up the majority of patients 

with PHN are likely to require dosage adjustments, either 

because of normal aging or renal disease.

Renal impairment may influence the selection of a first-

line therapy or prompt a switch from a first-line therapy 

to a second- or third-line therapy (Table 3). For TCAs, 

dosage adjustments are recommended in older patients 

treated with desipramine because of anticipated age-related 

reduction in renal clearance of the drug,73 and caution is 

recommended when using clomipramine in patients with 

renal impairment.80 Because gabapentin and pregabalin are 

mainly eliminated unchanged by the kidney, they should be 

administered with caution in patients with creatinine clear-

ance #60 mL/minute/m2 following the dose adjustment table 

provided in the prescribing information.59,60,67

Most opioids are eliminated in urine, making dos-

age adjustments necessary.62,63,81,82 Fentanyl appears to be 

relatively unaffected by renal disease, making it a potential 

choice in this population.83 However, fentanyl patch is 

only indicated for opioid-tolerant patients because of the 

risk of respiratory depression.84 Methadone is typically not 

Table 3 Risks associated with drugs for postherpetic neuralgia: patients with renal or hepatic impairment or failure

Relative risk Renal impairment/failure Hepatic impairment/failure

First-line therapies Second-line therapies First-line therapies Second-line 
therapies

Low risk Amitriptyline71 
Nortriptyline72 
Lidocaine patch 5%69

Fentanyla,64 
Capsaicin patch/cream45

Desipramine73 
Nortriptyline72 
Gabapentin60 
Pregabalin59

Fentanyla,64 
Capsaicin patch/cream45

Use with caution Clomipramine80 
Desipramine73 
Gabapentinb,60 
Pregabalinb,59

Tramadol64 
Methadone64

Amitriptyline71 
Clomipramine80 
Lidocaine patch 5%c,69

Hydromorphone64 
Morphine64 
Oxycodone64 
Methadone64

Avoid NA Codeine64 
Hydrocodone64 
Morphine64 
Tapentadold,37

 NA Codeine64 
Oxymorphone64 
Tramadol64 
Tapentadold,37

Limited information NA Hydromorphone64 
Oxycodone64 
Oxymorphone64

NA Hydrocodone64

Notes: aNot recommended in opioid-naive patients; bdose should be adjusted based on creatinine clearance in older patients suspected of having renal impairment; 
cpatients with severe hepatic disease are at greater risk of developing toxic blood concentrations of lidocaine because of their inability to metabolize lidocaine normally; dnot 
recommended in patients with severe renal or hepatic impairment; may use with caution in patients with moderate hepatic impairment, and no dose adjustment is needed 
in patients with mild hepatic impairment.
Abbreviation: NA, not applicable.
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recommended as a first-line therapy, particularly in older 

patients using polypharmacy, because it has a narrow thera-

peutic index and exhibits highly variable pharmacokinetics; 

methadone should also be used with caution in patients with 

renal impairment.85

Morphine, hydromorphone, and tramadol present dif-

ficulties in patients with impaired renal function in that 

the metabolites of morphine (morphine-3-glucuronide, 

morphine-6-glucuronide)86,87 and hydromorphone (hydro-

morphone-6-glucuronide, hydromorphone-3-glucuronide)88 

accumulate in patients with renal dysfunction. Accumulation 

of either the morphine or hydromorphone metabolites has 

been associated with neuroexcitatory effects, including 

seizures, allodynia, and myoclonus.64,89 Accumulation of 

morphine metabolites has also led to morphine intoxication 

and chronic nausea in patients with varying degrees of renal 

impairment.37,64,83,90–94 Finally, tramadol is available in limited 

dosage strengths,77 making dosage adjustments in patients 

with renal dysfunction difficult to achieve.

Hepatic dysfunction
Recommendations for the use of PHN therapies in patients 

with hepatic impairment are summarized in Table 3. As with 

kidney failure, normal aging is associated with reduced liver 

volume and blood flow.6 The prevalence of liver disease 

reaches a peak of 2.3% between the ages of 45 and 64 years 

before declining to 1.5% between the ages of 65 and 74 years 

and 1.0% in individuals $75 years.79 Hepatic impairment 

may result from alcoholism, chronic hepatitis B or C, hemo-

chromatosis, biliary tract obstruction, or obesity.95 Hepatic 

dysfunction might be expected to reduce first-pass drug 

metabolism, thereby having a greater effect on CYP450-

metabolized medications than on drugs metabolized via 

glucuronidation. However, as discussed below, the effects 

of liver dysfunction on the metabolism of drugs administered 

to patients with PHN cannot be predicted on the basis of 

metabolic pathway.

Among drugs prescribed for PHN, hepatic function 

appears to be mainly of significant importance in its effects 

on opioids (Table 3). The three opioids metabolized via 

glucuronidation are each affected by the presence of hepatic 

impairment. Morphine clearance is reduced by $25% in 

patients with liver failure, making dosage adjustments 

necessary.96 Hydromorphone maximal concentration and 

exposure may be increased up to fourfold in patients with 

moderate hepatic impairment,97 and oxymorphone is con-

traindicated in patients with moderate to severe hepatic 

impairment because oxymorphone concentrations may be 

increased up to 12-fold.63 Exposure to the M1 metabolites 

of tramadol increase by approximately 50% in patients with 

mild, or moderate hepatic impairment. As in renal failure, 

the limited number of tramadol doses available, make it 

difficult to make dose adjustments in patients with hepatic 

impairment.37,64 Conversely, the pharmacokinetics of fentanyl 

are largely unaffected by liver dysfunction, even though this 

drug undergoes CYP3A4-mediated metabolism.98

There are no particular precautions for TCAs in patients 

with hepatic impairment, although the product label for 

amitriptyline recommends low initial doses in older patients 

partly because of the aforementioned age-related decrease in 

hepatic function.71 The label for clomipramine recommends 

caution when treating patients with known liver disease and 

recommends monitoring liver enzymes in these patients.80 

Gabapentin and pregabalin are excreted as unchanged drug and 

are therefore not substantially altered by hepatic function.59,60 

Lidocaine patch 5%, although generally safe in the majority 

of patients, does have a precaution in patients with severe 

hepatic disease because of accumulation of lidocaine due to 

inability of these patients to metabolize lidocaine.68

Cardiovascular and respiratory disease
The relative safety of PHN therapies in patients with 

cardiovascular or respiratory disease are summarized in 

Table 4. Cardiovascular disease becomes more common with 

Table 4 Drugs for postherpetic neuralgia: relative risk in patients 
with cardiovascular or respiratory disease, cerebrovascular 
disease, or brain disorders

Relative risk First-line therapies Second-line therapies

Cardiovascular or respiratory disease
 Low risk Gabapentin60 

Pregabalin59 
Lidocaine patch 5%69

Tramadol64,109

 Use with caution TCAsa,71–73,80 Morphine64 
Oxycodone64 
Oxymorphone64 
Fentanylb,64 
Capsaicin patch42,45,99

 Avoid NA Methadone64 
Codeine64

Cerebrovascular disease/brain disorders
 Relative risk First-line therapies Second-line therapies
 Low risk Lidocaine patch 5%69

 Use with caution TCAs32,111 
Gabapentin24 
Pregabalin23

Capsaicin patch45 
Most opioids113–116

 Avoid NA Morphine114–116 
Hydromorphone113,117

Notes: aAvoid in patients with heart failure; bnot recommended in opioid-naive 
patients.
Abbreviations: NA, not applicable; TCA, tricyclic antidepressant.
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increased age; the incidence of a first cardiovascular event 

increases from three cases per 1,000 in men between the ages 

of 35 and 44 years to 74 cases per 1,000 in men aged 85 to 

94 years.3 Similar incidence rates occur a decade later in 

women, although the gap narrows with age.3 The prevalence 

of emphysema and chronic bronchitis also increase with age, 

whereas the prevalence of allergic conditions or sinusitis 

decrease or remain stable.79

Of first-line therapies, only TCAs have been associated 

with an increased risk of cardiovascular events (Table 4). 

Specifically, separate analyses found that treatment with 

TCAs was associated with a 2.2-fold increase in the risk 

of myocardial infarction and a 1.67-fold (200 mg/day) or 

2.53-fold ($300 mg/day) increase in the risk of sudden 

cardiac death compared with untreated controls.20–22 These 

agents should be used cautiously in patients with heart 

disease or significant cardiovascular risk factors and are 

contraindicated during the acute recovery phase following 

a myocardial infarction.71–73,80 Although not associated with 

cardiovascular events, gabapentin and pregabalin may cause 

weight gain59,60,66,68 and peripheral edema, which may make it 

more difficult to clinically assess weight gain and edema in 

patients with congestive heart failure or peripheral vascular 

disease.42,45,67,99

Research suggests that older (.70 years) patients are 

more susceptible to respiratory effects of opioids.100 All 

opioids have the potential for cardiovascular and respira-

tory depressive effects and should be used with caution 

in patients with cardiovascular or respiratory disease.64 In 

addition, several opioids require special caution in patients 

with heightened cardiovascular risk. Methadone has caused 

time- and dose-related QTc interval prolongation and arrhyth-

mias (some fatal).101,102 Morphine has produced profound 

respiratory depression in patients with heart failure,103 chronic 

obstructive pulmonary disease,104 and sleep apnea.105,106 In a 

head-to-head trial, oxycodone produced significant respira-

tory depression, whereas tramadol did not have any effect 

on respiratory parameters.107,108 Tramadol may be a compara-

tively safe option in patients with PHN and cardiovascular 

risk factors for whom first-line therapies or other opioids are 

not considered appropriate.109

Application of lidocaine patch 5% at recommended 

doses (up to 4 patches daily) produces systemic lidocaine 

concentrations ,200 mg/mL, which is much lower than 

the concentrations required to cause cardiovascular effects 

(1,500 mg/mL) or cardiotoxicity (5,000 mg/mL). Capsaicin 

8% patch has been associated with transient, and potentially 

serious, increases in blood pressure. These increases seem 

to result from treatment-related pain because blood pressure 

rises with patch application but declines with topical anes-

thetic application. Caution with capsaicin is therefore advised 

in patients with poorly controlled hypertension or a history 

of cardiovascular or cerebrovascular events.

Cerebrovascular disease  
and brain disorders
Several drugs prescribed for patients with PHN increase the 

risk of cognitive impairment, seizures, and falls in patients 

with dementia, traumatic brain injury, a history of stroke, 

or other brain disorders or injuries (Table 4). In addition to 

dementia risk, the prevalence of stroke3 and of risk factors 

for stroke3,110 (eg, diabetes, hypertension) increase with age,79 

making them conditions of concern in the population that is 

most likely to develop PHN.

TCAs are associated with central (eg, memory and 

cognitive impairment) anticholinergic effects. Patients with 

dementia, seizure disorders, stroke, or other brain injuries 

have been excluded from clinical trials, but anticholinergic 

effects have nonetheless been reported in these carefully 

selected study populations.32,111 TCAs lower the seizure 

threshold in vulnerable populations, including those with epi-

lepsy and a prior history of stroke. Neither electrocardiogram 

findings nor plasma TCA levels are of predictive value for 

determining the risk of stroke, making it advisable to avoid 

TCAs in these patients.112 Gabapentin or pregabalin may 

cause dizziness and somnolence.23,24 Withdrawal seizures 

may occur if these agents are abruptly discontinued.59,60

Cognitive impairment, delirium, and hallucinations have 

been reported to occur with the administration of opioids.113–116 

These effects may be more pronounced with morphine114–116 

or hydromorphone,113,117 which have metabolites that may 

be neuroexcitatory when they accumulate. The presence of 

cerebrovascular disease or a brain disorder should not alter 

the efficacy or tolerability of the topical therapies lidocaine45 

patch 5% and capsaicin cream or 8% patch.

Limited routes of administration
For patients who are unable to swallow tablets or capsules, 

nortriptyline,118 gabapentin,119 and pregabalin120 are available 

in oral solutions. Topical lidocaine, topical capsaicin, and 

the Fentanyl transdermal patch are options that eliminate the 

need for swallowing altogether.84

Psychiatric illness and addiction
The product labels for TCAs warn of the potential for 

increased risk of suicide and suicidal ideation.71–73,80 
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However, a meta-analysis of trials evaluating antidepressants, 

including TCAs, found that any contribution of antidepres-

sants to suicidal behavior occurs exclusively in patients 

aged ,25 years,121 an age group that is largely unaffected by 

PHN. The US product labels for antiepileptic drugs, includ-

ing gabapentin and pregabalin,59,60 also include warnings that 

these agents may cause suicidal behavior and ideation, and 

data from a cohort study has indicated an increased risk with 

several antiepileptic agents, including gabapentin.122 However, 

a pharmacoepidemiologic study of gabapentin alone found 

that it had no effect on suicide risk in nonpsychiatric patients 

and a reduced risk in patients with bipolar disorder, major 

depression, and other psychiatric disorders.123 There are no 

published clinical trials or case reports of suicides or suicidal 

ideation patients treated with pregabalin.

Psychiatric disorders, such as depression and anxiety, 

have been shown to be associated with increased opioid 

use.124 It is important to remember that older individuals 

who are at greatest risk for PHN may express depression 

or anxiety as somatic complaints,125 making it essential to 

carefully assess the psychological status of the older patients 

to ensure that somatic complaints and psychiatric issues are 

addressed.

It is important to note that the risk of abuse and the 

proportion of opioid-treated patients who abuse these drugs 

decreases with age.126 Hence, initiating first-time opioid 

therapy in an older patient with PHN might be less of a risk 

than in younger patients. However, past or current abuse of 

opioids or other substances is a significant risk factor for 

future abuse,127 making it essential for prescribers to evaluate 

all opioid-treated (and other controlled substances) patients 

before initiating therapy128 and to conduct periodic compli-

ance monitoring using comprehensive urine drug testing.129

Conclusion
Postherpetic neuralgia occurs most frequently in older indi-

viduals, many of whom have multiple medical comorbidities 

and receive multiple medications, and in individuals who are 

immunocompromised and therefore likely to be in poor health 

and receiving multiple medications. Available therapies 

include several systemic therapies, including TCAs, calcium 

channel α2-δ ligands (gabapentin and pregabalin), opioids, 

and tramadol, as well as two topical therapies, lidocaine patch 

5% and capsaicin cream or 8% patch. Generally, systemic 

therapies are more likely than topical therapies to present 

problems of tolerability in medically complicated patients 

because of comorbid disease states and pharmacokinetic 

drug interactions. Adequate consideration of comorbid 

medical conditions and careful drug selection in the medically 

complicated patient with PHN is therefore essential to ensure 

adequate disease management with a minimum of risk.

Acknowledgments
Both authors were responsible for the preparation, review, 

and final approval of the manuscript before submission. Both 

authors contributed scientifically to the manuscript, but the 

first author exercised editorial control with final responsibil-

ity for content decisions and conclusions. Editorial support 

(literature search, document retrieval, medical writing, and 

copyediting) for this article was provided by Jeffrey Coleman, 

MA; Kristine W Schuler, MS; and Robert Gatley, MD, of 

Complete Healthcare Communications, Inc (Chadds Ford, 

PA, USA), with funding from Endo Pharmaceuticals Inc 

(Malvern, PA, USA).

Disclosure
Dr Barkin has served on speakers’ bureaus for Endo 

Pharmaceuticals, and Eli Lilly, and has presented research 

at scientific congresses with  reimbursement of associated 

expenses from Endo  Pharmaceuticals. Dr Bruckenthal 

served on an advisory board for Endo Pharmaceuticals. 

Dr Bruckenthal and Dr Barkin have authored review articles 

with support of medical writing assistance from Endo Phar-

maceuticals Inc (Malvern, PA, USA), but have not received 

honoraria for these projects. The authors report no other 

conflicts of interest.

References
1. Opstelten W, Mauritz JW, de Wit NJ, van Wijck AJ, Stalman WA, van 

Essen GA. Herpes zoster and postherpetic neuralgia: incidence and 
risk indicators using a general practice research database. Fam Pract. 
2002;19(5):471–475.

2. Yawn BP, Saddier P, Wollan PC, St Sauver JL, Kurland MJ, Sy LS. 
A population-based study of the incidence and complication rates of 
herpes zoster before zoster vaccine introduction. Mayo Clin Proc. 
2007;82(11):1341–1349.

3. Roger VL, Go AS, Lloyd-Jones DM, et al. American Heart Association 
Statistics Committee and Stroke Statistics Subcommittee. Executive 
summary: heart disease and stroke statistics – 2012 update: a report from 
the American Heart Association. Circulation. 2012;125(1):188–197.

4. Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the rate 
of decline in renal function with age. J Am Geriatr Soc. 1985;33(4): 
278–285.

5. Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW. The effect of 
age on creatinine clearance in men: a cross-sectional and longitudinal 
study. J Gerontol. 1976;31(2):155–163.

6. Wynne HA, Cope LH, Mutch E, Rawlins MD, Woodhouse KW, 
James OF. The effect of age upon liver volume and apparent liver blood 
flow in healthy man. Hepatology. 1989;9(2):297–301.

7. Qato DM, Alexander GC, Conti RM, Johnson M, Schumm P, Lindau ST. 
Use of prescription and over-the-counter medications and dietary supple-
ments among older adults in the United States. JAMA. 2008;300(24): 
2867–2878.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2013:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

338

Bruckenthal and Barkin

 8. Preskorn SH, Silkey B, Shah R, et al. Complexity of medication use in 
the Veterans Affairs healthcare system: Part I: Outpatient use in rela-
tion to age and number of prescribers. J Psychiatr Pract. 2005;11(1): 
5–15.

 9. Tulner LR, Frankfort SV, Gijsen GJ, van Campen JP, Koks CH, 
Beijnen JH. Drug–drug interactions in a geriatric outpatient cohort: 
prevalence and relevance. Drugs Aging. 2008;25(4):343–355.

 10. Dworkin RH, O’Connor AB, Audette J, et al. Recommendations for 
the pharmacological management of neuropathic pain: an overview and 
literature update. Mayo Clin Proc. 2010;85(Suppl 3):S3–S14.

 11. Argoff CE. Review of current guidelines on the care of postherpetic 
neuralgia. Postgrad Med. 2011;123(5):134–142.

 12. Dubinsky RM, Kabbani H, El-Chami Z, Boutwell C, Ali H; Quality 
Standards Subcommittee of the American Academy of Neurology. 
Practice parameter: treatment of postherpetic neuralgia: an evidence-
based report of the Quality Standards Subcommittee of the American 
Academy of Neurology. Neurology. 2004;63(6):959–965.

 13. Attal N, Cruccu G, Baron R, et al. European Federation of Neurological 
Societies. EFNS guidelines on the pharmacological treatment 
of neuropathic pain: 2010 revision. Eur J Neurol. 2010;17(9): 
1113–e88.

 14. Moulin DE, Clark AJ, Gilron I, et al; Canadian Pain Society. 
Pharmacological management of chronic neuropathic pain – consensus 
statement and guidelines from the Canadian Pain Society. Pain Res 
Manag. 2007;12(1):13–21.

 15. Dworkin RH, O’Connor AB, Backonja M, et al. Pharmacologic 
management of neuropathic pain: evidence-based recommendations. 
Pain. 2007;132(3):237–251.

 16. Finnerup NB, Otto M, McQuay HJ, Jensen TS, Sindrup SH. Algorithm 
for neuropathic pain treatment: an evidence based proposal. Pain. 
2005;118(3):289–305.

 17. Hempenstall K, Nurmikko TJ, Johnson RW, A’Hern RP, Rice AS. 
Analgesic therapy in postherpetic neuralgia: a quantitative systematic 
review. PLoS Med. 2005;2(7):e164.

 18. Saarto T, Wiffen PJ. Antidepressants for neuropathic pain: a Cochrane 
review. J Neurol Neurosurg Psychiatr. 2010;81(12):1372–1373.

 19. Sindrup SH, Otto M, Finnerup NB, Jensen TS. Antidepressants in 
the treatment of neuropathic pain. Basic Clin Pharmacol Toxicol. 
2005;96(6):399–409.

 20. Cohen HW, Gibson G, Alderman MH. Excess risk of myocardial 
infarction in patients treated with antidepressant medications: associa-
tion with use of tricyclic agents. Am J Med. 2000;108(1):2–8.

 21. Ray WA, Meredith S, Thapa PB, Hall K, Murray KT. Cyclic 
antidepressants and the risk of sudden cardiac death. Clin Pharmacol 
Ther. 2004;75(3):234–241.

 22. Tata LJ, West J, Smith C, et al. General population based study of the 
impact of tricyclic and selective serotonin reuptake inhibitor antidepres-
sants on the risk of acute myocardial infarction. Heart. 2005;91(4): 
465–471.

 23. Moore RA, Straube S, Wiffen PJ, Derry S, McQuay HJ. Pregabalin 
for acute and chronic pain in adults. Cochrane Database Syst Rev. 
2009:CD007076.

 24. Moore RA, Wiffen PJ, Derry S, McQuay HJ. Gabapentin for chronic 
neuropathic pain and fibromyalgia in adults. Cochrane Database Syst 
Rev. 2011:CD007938.

 25. Parsons B, Tive L, Huang S. Gabapentin: a pooled analysis of adverse 
events from three clinical trials in patients with postherpetic neuralgia. 
Am J Geriatr Pharmacother. 2004;2(3):157–162.

 26. Semel D, Murphy TK, Zlateva G, Cheung R, Emir B. Evaluation of 
the safety and efficacy of pregabalin in older patients with neuropathic 
pain: results from a pooled analysis of 11 clinical studies. BMC Fam 
Pract. 2010;11:85.

 27. Binder A, Bruxelle J, Rogers P, Hans G, Bösl I, Baron R. Topical 5% 
lidocaine (lignocaine) medicated plaster treatment for post-herpetic 
neuralgia: results of a double-blind, placebo-controlled, multina-
tional efficacy and safety trial. Clin Drug Investig. 2009;29(6): 
393–408.

 28. Hans G, Sabatowski R, Binder A, Boesl I, Rogers P, Baron R. Efficacy 
and tolerability of a 5% lidocaine medicated plaster for the topical 
treatment of post-herpetic neuralgia: results of a long-term study. Curr 
Med Res Opin. 2009;25(5):1295–1305.

 29. Baron R, Mayoral V, Leijon G, Binder A, Steigerwald I, Serpell M. 5% 
lidocaine medicated plaster versus pregabalin in post-herpetic neuralgia 
and diabetic polyneuropathy: an open-label, non-inferiority two-stage 
RCT study. Curr Med Res Opin. 2009;25(7):1663–1676.

 30. Rehm S, Binder A, Baron R. Post-herpetic neuralgia: 5% lidocaine 
medicated plaster, pregabalin, or a combination of both? A randomized, 
open, clinical effectiveness study. Curr Med Res Opin. 2010;26(7): 
1607–1619.

 31. Watson CP, Babul N. Efficacy of oxycodone in neuropathic pain: 
a randomized trial in postherpetic neuralgia. Neurology. 1998;50(6): 
1837–1841.

 32. Raja SN, Haythornthwaite JA, Pappagallo M, et al. Opioids versus 
antidepressants in postherpetic neuralgia: a randomized, placebo-
controlled trial. Neurology. 2002;59(7):1015–1021.

 33. Bhamb B, Brown D, Hariharan J, Anderson J, Balousek S, Fleming MF. 
Survey of select practice behaviors by primary care physicians on 
the use of opioids for chronic pain. Curr Med Res Opin. 2006;22(9): 
1859–1865.

 34. Spitz A, Moore AA, Papaleontiou M, Granieri E, Turner BJ, Reid MC. 
Primary care providers’ perspective on prescribing opioids to older 
adults with chronic non-cancer pain: a qualitative study. BMC Geriatr. 
2011;11:35.

 35. Upshur CC, Luckmann RS, Savageau JA. Primary care provider 
concerns about management of chronic pain in community clinic 
populations. J Gen Intern Med. 2006;21(6):652–655.

 36. Boureau F, Legallicier P, Kabir-Ahmadi M. Tramadol in post-herpetic 
neuralgia: a randomized, double-blind, placebo-controlled trial. Pain. 
2003;104(1–2):323–331.

 37. NUCYNTA® ER (tapentadol) [prescribing information]. Titusville. NJ: 
Janssen Pharmaceuticals, Inc; 2011.

 38. Afilalo M, Etropolski MS, Kuperwasser B, et al. Efficacy and safety of 
Tapentadol extended release compared with oxycodone controlled release 
for the management of moderate to severe chronic pain related to osteoar-
thritis of the knee: a randomized, double-blind, placebo- and active-
controlled phase III study. Clin Drug Investig. 2010;30(8):489–505.

 39. Lange B, Kuperwasser B, Okamoto A, et al. Efficacy and safety of 
tapentadol prolonged release for chronic osteoarthritis pain and low 
back pain. Adv Ther. 2010;27(6):381–399.

 40. Nolano M, Simone DA, Wendelschafer-Crabb G, Johnson T, Hazen E, 
Kennedy WR. Topical capsaicin in humans: parallel loss of epidermal 
nerve fibers and pain sensation. Pain. 1999;81(1–2):135–145.

 41. Derry S, Lloyd R, Moore RA, McQuay HJ. Topical capsaicin for 
chronic neuropathic pain in adults. Cochrane Database Syst Rev. 
2009:CD007393.

 42. Backonja M, Wallace MS, Blonsky ER, et al; NGX-4010 C116 Study 
Group. NGX-4010, a high-concentration capsaicin patch, for the 
treatment of postherpetic neuralgia: a randomised, double-blind study. 
Lancet Neurol. 2008;7(12):1106–1112.

 43. Backonja MM, Malan TP, Vanhove GF, Tobias JK; C102/106 Study 
Group. NGX-4010, a high-concentration capsaicin patch, for the treat-
ment of postherpetic neuralgia: a randomized, double-blind, controlled 
study with an open-label extension. Pain Med. 2010;11(4):600–608.

 44. Mason L, Moore RA, Derry S, Edwards JE, McQuay HJ. Systematic 
review of topical capsaicin for the treatment of chronic pain. BMJ. 
2004;328(7446):991.

 45. Qutenza® (capsaicin 8% patch) [prescribing information]. San Mateo, 
CA: NeurogesX, Inc; 2009.

 46. Schmader KE, Baron R, Haanpää ML, et al. Treatment considerations 
for elderly and frail patients with neuropathic pain. Mayo Clin Proc. 
2010;85(Suppl 3):S26–S32.

 47. Parsells Kelly J, Cook SF, Kaufman DW, Anderson T, Rosenberg L, 
Mitchell AA. Prevalence and characteristics of opioid use in the US 
adult population. Pain. 2008;138(3):507–513.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2013:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

339

Medically complicated postherpetic neuralgia

 48. Sokol KC, Knudsen JF, Li MM. Polypharmacy in older oncology 
patients and the need for an interdisciplinary approach to side-effect 
management. J Clin Pharm Ther. 2007;32(2):169–175.

 49. Flockhart DA. Drug interactions: cytochrome P450 drug interaction 
table. Indiana University School of Medicine [webpage on the Internet]. 
Available from: http://medicine.iupui.edu/flockhart/table.htm. Accessed 
June 20, 2012.

 50. Zhou SF, Xue CC, Yu XQ, Li C, Wang G. Clinically important drug 
interactions potentially involving mechanism-based inhibition of cyto-
chrome P4503A4 and the role of therapeutic drug monitoring. Ther 
Drug Monit. 2007;29(6):687–710.

 51. Bertilsson L, Lou YQ, Du YL, et al. Pronounced differences between 
native Chinese and Swedish populations in the polymorphic hydroxy-
lations of debrisoquin and S-mephenytoin. Clin Pharmacol Ther. 
1992;51(4):388–397.

 52. Evans DA, Mahgoub A, Sloan TP, Idle JR, Smith RL. A family and 
population study of the genetic polymorphism of debrisoquine oxidation 
in a white British population. J Med Genet. 1980;17(2):102–105.

 53. Bathum L, Johansson I, Ingelman-Sundberg M, Hørder M, Brøsen K. 
Ultrarapid metabolism of sparteine: frequency of alleles with duplicated 
CYP2D6 genes in a Danish population as determined by restriction 
fragment length polymorphism and long polymerase chain reaction. 
Pharmacogenetics. 1998;8(2):119–123.

 54. Løvlie R, Daly AK, Molven A, Idle JR, Steen VM. Ultrarapid metabo-
lizers of debrisoquine: characterization and PCR-based detection of 
alleles with duplication of the CYP2D6 gene. FEBS Lett. 1996;392(1): 
30–34.

 55. Aklillu E, Persson I, Bertilsson L, Johansson I, Rodrigues F, Ingelman-
Sundberg M. Frequent distribution of ultrarapid metabolizers of 
debrisoquine in an ethiopian population carrying duplicated and 
multiduplicated functional CYP2D6 alleles. J Pharmacol Exp Ther. 
1996;278(1):441–446.

 56. Bathum L, Skjelbo E, Mutabingwa TK, Madsen H, Hørder M, Brøsen K. 
Phenotypes and genotypes for CYP2D6 and CYP2C19 in a black 
Tanzanian population. Br J Clin Pharmacol. 1999;48(3):395–401.

 57. Masimirembwa C, Persson I, Bertilsson L, Hasler J, Ingelman-Sundberg M.  
A novel mutant variant of the CYP2D6 gene (CYP2D6*17) common in 
a black African population: association with diminished debrisoquine 
hydroxylase activity. Br J Clin Pharmacol. 1996;42(6):713–719.

 58. Sohn DR, Shin SG, Park CW, Kusaka M, Chiba K, Ishizaki T. 
Metoprolol oxidation polymorphism in a Korean population: 
comparison with native Japanese and Chinese populations. Br J Clin 
Pharmacol. 1991;32(4):504–507.

 59. Lyrica® (pregabalin) [prescribing information]. New York: Pfizer Inc; 
2011.

 60. Neurontin® (gabapentin) [prescribing information]. New York: Pfizer 
Inc; 2011.

 61. Coffman BL, Rios GR, King CD, Tephly TR. Human UGT2B7 catalyzes 
morphine glucuronidation. Drug Metab Dispos. 1997;25(1):1–4.

 62. Dilaudid® (Hydromorphone HCl) [prescribing information]. Stamford, 
CT: Purdue Pharma LP; 2009.

 63. OPANA® ER (oxymorphone hydrochloride) [prescribing information]. 
Chadds Ford, PA: Endo Pharmaceuticals; 2012.

 64. Smith H, Bruckenthal P. Implications of opioid analgesia for medically 
complicated patients. Drugs Aging. 2010;27(5):417–433.

 65. Smith HS. Opioid metabolism. Mayo Clin Proc. 2009;84(7): 
613–624.

 66. Campbell BJ, Rowbotham M, Davies PS, Jacob P, Benowitz NL. 
Systemic absorption of topical lidocaine in normal volunteers, patients 
with post-herpetic neuralgia, and patients with acute herpes zoster. 
J Pharm Sci. 2002;91(5):1343–1350.

 67. Gammaitoni AR, Alvarez NA, Galer BS. Safety and tolerability of the 
lidocaine patch 5%, a targeted peripheral analgesic: a review of the 
literature. J Clin Pharmacol. 2003;43(2):111–117.

 68. Gammaitoni AR, Davis MW. Pharmacokinetics and tolerability 
of lidocaine patch 5% with extended dosing. Ann Pharmacother. 
2002;36(2):236–240.

 69. Lidoderm® (lidocaine patch 5%) [prescribing information]. Chadds 
Ford, PA: Endo Pharmaceuticals Inc; 2010.

 70. Babbar S, Marier JF, Mouksassi MS, et al. Pharmacokinetic analysis of 
capsaicin after topical administration of a high-concentration capsaicin 
patch to patients with peripheral neuropathic pain. Ther Drug Monit. 
2009;31(4):502–510.

 71. Amitriptyline hydrochloride [prescribing information]. Princeton, NJ: 
Sandoz Inc; 2011.

 72. Nortriptyline hydrochloride [prescribing information]. Morgantown, 
WV: Mylan Pharmaceuticals Inc; 2007.

 73. Norpramin® (desipramine hydrdochloride) [prescribing information]. 
Bridgewater, NJ: Sanofi-Aventis US LLC; 2011.

 74. Mahlberg R, Kunz D, Sasse J, Kirchheiner J. Serotonin syndrome with 
tramadol and citalopram. Am J Psychiatry. 2004;161(6):1129.

 75. Takeshita J, Litzinger MH. Serotonin syndrome associated with 
tramadol. Prim Care Companion J Clin Psychiatry. 2009;11(5):273.

 76. Vizcaychipi MP, Walker S, Palazzo M. Serotonin syndrome triggered 
by tramadol. Br J Anaesth. 2007;99(6):919.

 77. Ultram ER® (tramadol hydrochloride) [prescribing information]. 
Raritan, NJ: Ortho-McNeil-Janssen Pharmaceuticals, Inc; 2009.

 78. Center for Drug Evaluation and Research. Guidance for industry: 
pharmacokinetics in patients with impaired renal function – study 
design, data analysis, and impact on dosing and labeling. Springville, 
MD: Food and Drug Administration; Mar 2010.

 79. Schiller JS, Lucas JW, Ward BW, Peregoy JA. Summary health statistics 
for US adults: National Health Interview Survey, 2010. National Center 
for Health Statistics. Vital Health Statistics. Vital Health Statistics. 
2012:10(252).

 80. Clomipramine hydrochloride [prescribing information]. Princeton, NJ: 
Sandoz Inc; 2011.

 81. MS Contin® (morphine extended release) [prescribing information]. 
Hazelwood, MO: Mallinckrodt; 2010.

 82. OxyContin® (oxycodone HCl controlled-release tablets) [prescribing 
information]. Stamford, CT: Purdue Pharma LLP; 2012.

 83. Dean M. Opioids in renal failure and dialysis patients. J Pain Symptom 
Manage. 2004;28(5):497–504.

 84. Duragesic® (fentanyl transdermal system) [prescribing information]. 
Raritan, NJ: Ortho-McNeil-Janssen Pharmaceuticals, Inc; 2009.

 85. American Geriatrics Society Panel on Pharmacological Management of 
Persistent Pain in Older Persons. Pharmacological management of persis-
tent pain in older persons. J Am Geriatr Soc. 2009;57(8):1331–1346.

 86. Milne RW, Nation RL, Somogyi AA, Bochner F, Griggs WM. The 
influence of renal function on the renal clearance of morphine and its 
glucuronide metabolites in intensive-care patients. Br J Clin Pharmacol. 
1992;34(1):53–59.

 87. Wolff J, Bigler D, Christensen CB, Rasmussen SN, Andersen HB, 
Tønnesen KH. Influence of renal function on the elimination of mor-
phine and morphine glucuronides. Eur J Clin Pharmacol. 1988;34(4): 
353–357.

 88. Babul N, Darke AC, Hagen N. Hydromorphone metabolite accumula-
tion in renal failure. J Pain Symptom Manage. 1995;10(3):184–186.

 89. Smith MT. Neuroexcitatory effects of morphine and hydromorphone: 
evidence implicating the 3-glucuronide metabolites. Clin Exp 
Pharmacol Physiol. 2000;27(7):524–528.

 90. Angst MS, Bührer M, Lötsch J. Insidious intoxication after morphine 
treatment in renal failure: delayed onset of morphine-6-glucuronide 
action. Anesthesiology. 2000;92(5):1473–1476.

 91. Dubs A, Wiedemeier P, Caduff B. Morphine poisoning in chronic 
kidney failure. Morphine-6-glucuronide as a pharmacologically active 
morphine metabolite. Dtsch Med Wochenschr. 1999;124(30):896–898. 
German.

 92. Hagen NA, Foley KM, Cerbone DJ, Portenoy RK, Inturrisi CE. 
Chronic nausea and morphine-6-glucuronide. J Pain Symptom Manage. 
1991;6(3):125–128.

 93. Guay DR, Awni WM, Findlay JW, et al. Pharmacokinetics and 
pharmacodynamics of codeine in end-stage renal disease. Clin 
Pharmacol Ther. 1988;43(1):63–71.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://medicine.iupui.edu/flockhart/table.htm


Therapeutics and Clinical Risk Management

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal

Therapeutics and Clinical Risk Management is an international, peer-
reviewed journal of clinical therapeutics and risk management, focusing 
on concise rapid reporting of clinical studies in all therapeutic areas, 
outcomes, safety, and programs for the effective, safe, and sustained 
use of medicines. This journal is indexed on PubMed Central, CAS, 

EMBase, Scopus and the Elsevier Bibliographic databases. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Therapeutics and Clinical Risk Management 2013:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

340

Bruckenthal and Barkin

 94. Talbott GA, Lynn AM, Levy FH, Zelikovic I. Respiratory arrest pre-
cipitated by codeine in a child with chronic renal failure. Clin Pediatr 
(Phila). 1997;36(3):171–173.

 95. Heidelbaugh JJ, Bruderly M. Cirrhosis and chronic liver failure: part I. 
Diagnosis and evaluation. Am Fam Physician. 2006;74(5):756–762.

 96. Crotty B, Watson KJ, Desmond PV, et al. Hepatic extraction of 
morphine is impaired in cirrhosis. Eur J Clin Pharmacol. 1989;36(5): 
501–506.

 97. Durnin C, Hind ID, Ghani SP, Yates DB, Molz KH. Pharmacokinetics 
of oral immediate-release hydromorphone (Dilaudid IR) in subjects 
with moderate hepatic impairment. Proc West Pharmacol Soc. 
2001;44:83–84.

 98. Haberer JP, Schoeffler P, Couderc E, Duvaldestin P. Fentanyl phar-
macokinetics in anaesthetized patients with cirrhosis. Br J Anaesth. 
1982;54(12):1267–1270.

 99. Simpson DM, Gazda S, Brown S, et al; NGX-4010 C118 Study Group. 
Long-term safety of NGX-4010, a high-concentration capsaicin patch, 
in patients with peripheral neuropathic pain. J Pain Symptom Manage. 
2010;39(6):1053–1064.

 100. Cepeda MS, Farrar JT, Baumgarten M, Boston R, Carr DB, Strom BL. 
Side effects of opioids during short-term administration: effect of age, 
gender, and race. Clin Pharmacol Ther. 2003;74(2):102–112.

 101. Fanoe S, Hvidt C, Ege P, Jensen GB. Syncope and QT prolongation 
among patients treated with methadone for heroin dependence in the 
city of Copenhagen. Heart. 2007;93(9):1051–1055.

 102. Wedam EF, Bigelow GE, Johnson RE, Nuzzo PA, Haigney MC. 
QT-interval effects of methadone, levomethadyl, and buprenorphine 
in a randomized trial. Arch Intern Med. 2007;167(22):2469–2475.

 103. Peacock WF, Hollander JE, Diercks DB, Lopatin M, Fonarow G, 
Emerman CL. Morphine and outcomes in acute decompensated heart 
failure: an ADHERE analysis. Emerg Med J. 2008;25(4):205–209.

 104. Gruber EM, Tschernko EM. Anaesthesia and postoperative analgesia 
in older patients with chronic obstructive pulmonary disease: special 
considerations. Drugs Aging. 2003;20(5):347–360.

 105. Walker JM, Farney RJ, Rhondeau SM, et al. Chronic opioid use is 
a risk factor for the development of central sleep apnea and ataxic 
breathing. J Clin Sleep Med. 2007;3(5):455–461.

 106. Webster LR, Choi Y, Desai H, Webster L, Grant BJ. Sleep-disordered 
breathing and chronic opioid therapy. Pain Med. 2008;9(4): 
425–432.

 107. Tarkkila P, Tuominen M, Lindgren L. Comparison of respiratory effects 
of tramadol and oxycodone. J Clin Anesth. 1997;9(7):582–585.

 108. Codeine sulfate tablets [prescribing information]. Columbus, OH: 
Roxane Laboratories, Inc; 2010.

 109. Antman EM, Bennett JS, Daugherty A, Furberg C, Roberts H, Taubert KA; 
American Heart Association. Use of nonsteroidal antiinflammatory 
drugs: an update for clinicians: a scientific statement from the American 
Heart Association. Circulation. 2007;115(12):1634–1642.

 110. Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet. 
2008;371(9624):1612–1623.

 111. Watson CP, Vernich L, Chipman M, Reed K. Nortriptyline versus 
amitriptyline in postherpetic neuralgia: a randomized trial. Neurology. 
1998;51(4):1166–1171.

 112. Bailey B, Buckley NA, Amre DK. A meta-analysis of prognostic 
indicators to predict seizures, arrhythmias or death after tricyclic anti-
depressant overdose. J Toxicol Clin Toxicol. 2004;42(6):877–888.

 113. Fong HK, Sands LP, Leung JM. The role of postoperative analgesia in 
delirium and cognitive decline in elderly patients: a systematic review. 
Anesth Analg. 2006;102(4):1255–1266.

 114. Lawlor PG. The panorama of opioid-related cognitive dysfunction in 
patients with cancer: a critical literature appraisal. Cancer. 2002;94(6): 
1836–1853.

 115. Morita T, Takigawa C, Onishi H, et al; Japan Pain, Rehabilitation, 
Palliative Medicine, and Psycho-Oncology (PRPP) Study Group. 
Opioid rotation from morphine to fentanyl in delirious cancer patients: 
an open-label trial. J Pain Symptom Manage. 2005;30(1):96–103.

 116. Morita T, Tei Y, Tsunoda J, Inoue S, Chihara S. Increased plasma 
morphine metabolites in terminally ill cancer patients with delirium: 
an intra-individual comparison. J Pain Symptom Manage. 2002;23(2): 
107–113.

 117. Leung JM, Sands LP, Paul S, Joseph T, Kinjo S, Tsai T. Does postop-
erative delirium limit the use of patient-controlled analgesia in older 
surgical patients? Anesthesiology. 2009;111(3):625–631.

 118. Nortriptyline hydrochloride solution [prescribing information]. 
Jacksonville, FL: Ranbaxy Pharmaceuticals Inc; 2008.

 119. Gabapentin oral solution [prescribing information]. Gainesville, FL: 
Kiel Laboratories, Inc; 2012.

 120. Lyrica oral solution (pregabalin hydrochloride oral solution) [prescrib-
ing information]. Kalamazoo, MI: Pfizer Inc; 2012.

 121. Stone M, Laughren T, Jones ML, et al. Risk of suicidality in clinical 
trials of antidepressants in adults: analysis of proprietary data submitted 
to US Food and Drug Administration. BMJ. 2009;339:b2880.

 122. Patorno E, Bohn RL, Wahl PM, et al. Anticonvulsant medications 
and the risk of suicide, attempted suicide, or violent death. JAMA. 
2010;303(14):1401–1409.

 123. Gibbons RD, Hur K, Brown CH, Mann JJ. Gabapentin and suicide 
attempts. Pharmacoepidemiol Drug Saf. 2010;19(12):1241–1247.

 124. Sullivan MD, Edlund MJ, Steffick D, Unützer J. Regular use of pre-
scribed opioids: association with common psychiatric disorders. Pain. 
2005;119(1–3):95–103.

 125. Barkin RL, Barkin SJ. Reexamining the Elderly Patient’s Presenta-
tion With Depression. Prim Care Companion J Clin Psychiatry. 
2008;10(5):415–416.

 126. Substance Abuse and Mental Health Services Administration. 
Results From The 2011 National Survey On Drug Use And Health: 
Summary Of National Findings. NSDUH Series H-44, HHS 
Publication No (SMA) 12-4713. Rockville, MD: Food and Drug 
Administration; 2012.

 127. Manchikanti L, Cash KA, Damron KS, Manchukonda R, 
Pampati V, McManus CD. Controlled substance abuse and illicit drug 
use in chronic pain patients: An evaluation of multiple variables. Pain 
Physician. 2006;9(3):215–225.

 128. Kirsh KL, Smith HS. Special issues and concerns in the evalua-
tion of older adults who have pain. Clin Geriatr Med. 2008;24(2): 
263–274, vi.

 129. Gourlay DL, Heit HA, Almahrezi A. Universal precautions in pain 
medicine: a rational approach to the treatment of chronic pain. Pain 
Med. 2005;6(2):107–112.

http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


