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Abstract

Introduction: Neuropathy is a pathological pain disorder characterized by burning, stabbing, and cramping
sensations. There are multiple etiologies for this pain such as diabetes, vascular disorders, and chemotherapy
treatment. Neurotransmitters, such as norepinephrine and serotonin, are thought to play a part in the
modulation of this pain. The objective of this review is to summarize the current literature to support the
efficacy and impact of adverse events of the various classes of antidepressants utilized in the treatment of
neuropathic pain.

Methods: A Medline/Pubmed search was conducted to identify randomized clinical trials within the last 12
years examining the efficacy and safety of antidepressants for the treatment of neuropathy. Systematic
reviews and meta-analyses were also included.

Results: Antidepressants are commonly used in the treatment of neuropathy, with meta-analyses supporting
the use of tricyclic antidepressants and selective norepinephrine serotonin reuptake inhibitors. Trials indicate
that venlafaxine, duloxetine, and tricyclic antidepressants (TCAs) have comparable efficacy, but TCAs have a
higher incidence of adverse effects. Other antidepressants, such as citalopram, paroxetine, and bupropion
have limited evidence supporting their use in neuropathy.

Discussion: Based on the evidence reviewed, venlafaxine and duloxetine should be used as first-line agents.
TCAs should be used as second-line agents, due to higher incidence of adverse effects. Other treatment
options include citalopram, paroxetine, and bupropion, but data supporting their efficacy is limited.

Keywords: antidepressants, pain management, neuropathy, selective serotonin reuptake inhibitors (SSRIs),
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Introduction

Neuropathy is a debilitating yet common and complex

disorder. More than 2% of people in the general

population and 15% of people older than 40 years have

neuropathy. Diabetes is the most common cause, with a

prevalence of 30%; up to 50% of patients with diabetes

will eventually develop neuropathy.1

Neuropathic pain is a pathological pain, meaning it does

not serve any physiologic or protective functioning.2

There is a consensus that both peripheral and central

nervous system processes have a role in chronic pain.

There are 4 main categories of the pathological processes

involved in neuropathy: (1) wallerian degeneration, (2)

axonal degeneration or axonopathy, (3) primary neuronal

degeneration or neuronopathy, and (4) segmental demy-

elination or myelinopathy.1 Wallerian degeneration is any

type of mechanical injury leading to interruption of axons.

Axonal degeneration implies distal axonal breakdown and

is thought to be caused by metabolic derangement within

neurons or ischemia. It is the most common pathological

reaction of the peripheral nerve. Neuronopathy is a loss of
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nerve cell bodies that results in the degeneration of the

peripheral and central axons. A sensory neuronopathy

implies damage to the dorsal route ganglion neurons,

which leads to sensory ataxia, sensory loss, and diffuse

areflexia. Compounds such as high-dose pyridoxine and

doxorubicin produce primary sensory neuronal degenera-

tion.1 Segmental demyelination is injury to either myelin

sheaths or Schwann cells, which results in the breakdown

of myelin while sparing of axons. This occurs mechanically

by acute nerve compression or chronic nerve entrapment.3

Neuropathic pain is often described as burning, stabbing,

or cramping. Other sensations include pins and needles,

electric shocklike paroxysms, or pain that starts as dull but

with repeated stimulation becomes unbearable.4 Al-

though diabetes is often the most common cause of neu-

ropathic pain, a variety of other pathological processes

that affect the central nervous system and periphery also

contribute to the development of neuropathy.1,4 These

processes include but are not limited to trauma, vascular

and metabolic disorders, bacterial/viral infections, inflam-

mation, autoimmune disorders, and genetic abnormalities,

as well as chemotherapy and environmental neurotoxins.4

Hyperglycemia, changes in insulin signaling, and hyper-

lipidemia are all major contributors to the development of

diabetic neuropathy.1 Hyperglycemia can overload the

mitochondrial electron transport chain generating reactive

oxygen species. It can also increase flux through the polyol

pathway, increasing cellular osmolarity and decreasing

nicotinamide adenine dinucleotide phosphate (NADPH)

levels. This combination leads to oxidative stress.

Hyperlipidemia is associated with diabetic neuropathy by

a variety of mechanisms.1 These include an excess of free

fatty acids, modified low-density lipoproteins bound to

extracellular receptors, as well as triggered signaling

cascades, which activate NADPH oxidase and increase

oxidative stress.4 Insulin has neurotropic effects that

promote neuronal growth and survival. In insulin deficien-

cy or resistance, it is thought that decreased availability of

insulin reduces neurotrophic signaling, thus contributing

to the development of neuropathy.1 Additionally, insulin

resistance can further contribute to diabetic neuropathy

via mitochondrial dysfunction and oxidative stress.1 The

above mechanisms occur within different cell types of

nerves; including neurons, glial cells, and endothelial cells

of the microvasculature. Ultimately, these forms of

cellular stress cause neuronal dysfunction or death of

the nerve. This dysfunction contributes to the manifesta-

tion of clinical neuropathy.1

Serotonin and norepinephrine are thought of as the main

neurotransmitters involved in the modulation of endog-

enous pain mechanisms. By inhibiting serotonin and

norepinephrine reuptake in presynaptic terminals, the

neurotransmitters accumulate at the synaptic junction,

thus enhancing pain suppression via multiple postsynaptic

receptor-mediated mechanisms.2 Although antidepres-

sants have been shown to be efficacious in the treatment

of neuropathic pain, not all antidepressants show similar

efficacy.2

Secondary to the differences in efficacy among the

antidepressants, the aim of this review article is to

summarize the current literature to support the use of

those agents in the treatment of neuropathic pain.

Methods

A Medline/PubMed (US National Library of Medicine,

Bethesda, MD) search was conducted to identify clinical

trials published within the past 12 years (2002-14) that

studied the efficacy and associated adverse events of the

antidepressants in the treatment of acute neuropathic

pain. Maintenance of pain management trials were

excluded in this review. If there were no published,

randomized clinical trials, open-labeled trials, case series,

and case reports using certain antidepressants were

reported for completeness. All data had to be published

in a peer review journal. Key search words included

various combinations of the following, antidepressants,

neuropathy, neuropathic pain, painful diabetic neuropathy,

spinal cord injury, polyneuropathy, multiple sclerosis neu-

ropathy, monoamine oxidase enzyme inhibitors, tricyclic

antidepressants, serotonin norepinephrine reuptake inhibi-

tors, selective serotonin reuptake inhibitors, duloxetine,

levomilnacipran, milnacipran, citalopram, paroxetine, esci-

talopram, fluoxetine, bupropion, mirtazapine, nefazodone,

trazodone, atomoxetine, desipramine, nortriptyline, amitrip-

tyline, and imipramine. No limits were used in these

searches. The Cochrane Database (Cochrane Collabora-

tion, Oxford, United Kingdom) and other systematic

reviews and meta-analysis are also evaluated and

analyzed in this review article.

Results

Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) are considered one of the

original classes of antidepressants discovered for the

treatment of various types of neuropathic pain as

evidenced by many placebo-controlled, randomized clin-

ical trials. The TCAs are relatively inexpensive and most

treatments are administered only once a day, potentially

allowing for increased compliance. However, TCAs can

cause orthostatic hypotension, dry mouth, constipation,

and urinary retention, which limit clinical utility.

A double-blind, double-dummy, crossover trial by Gilron

et al5 assessed the efficacy and tolerability of combined
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nortriptyline and gabapentin compared with each drug

given alone in patients with diabetic peripheral neurop-

athy (DPN) or postherpetic neuralgia (PHN). Each

treatment had a 3-period crossover design with 6 weeks

per treatment period. Target daily doses were gabapentin

3600 mg and nortriptyline 100 mg, either monotherapy or

in combination. Inclusion criteria for the study included

daily pain of at least 4 on a 0 to 10 pain scale for at least 6

months before the start of the trial. Additionally, patients

had to have an aspartate-alanine aminotransferase

concentration of at or below 120% of the upper limit of

reference range, a serum creatinine concentration of 150%

or less of the reference range, and a hemoglobin A1c

(HgbA1c) of less than 13%. Exclusion criteria included

neuropathy caused by other medical conditions. Other

exclusions included major organ system disease, cardio-

vascular autonomic neuropathy, baseline postural hypo-

tension, sedation because of concomitant drugs or other

cause, benign prostatic hypertrophy in male participants,

psychiatric or substance abuse disorder, or a coexisting

disorder that could cause pain as severe as neuropathic

pain.5

Fifty-six patients with DPN (71%) or PHN (29%) were

enrolled.5 Baseline characteristics for the DPN group were

of 61-year-old white males diagnosed with pain for about

5 years with an intensity of 5.5 on a 0 to 10 rating scale.

Baseline characteristics for the PHN group were of 68-

year-old white males diagnosed with pain for about 3

years with an intensity of 5 on a 0 to 10 scale. An equal

majority of patients were also using acetaminophen or

nonsteroidal anti-inflammatory drugs (NSAIDs). The mean

maximum tolerated dose of gabapentin was 2433 mg as

monotherapy versus 2180 mg in combination (P¼.0009).
The maximum tolerated dose of nortriptyline was 61.6 mg

as monotherapy versus 50.1 mg in combination

(P¼.0006). For patients with DPN, pain with combination

treatment was significantly lower than it was with

gabapentin (P¼.018) or nortriptyline alone (P¼.009). In
the PHN group, combination treatment was more

effective at decreasing pain, but the overall effect was

not significant (P¼.54). This was attributed to the small

sample size of patients with PHN. Moderate or severe dry

mouth was more frequent with nortriptyline or combina-

tion treatment than it was with gabapentin alone.

Limitations of the study included low power and the

possibility of partial unmasking of research team mem-

bers. The authors concluded a combination of the study

medications seemed to be more efficacious than either

drug given alone for neuropathic pain.5

A double-blind, randomized, parallel group investigation

of diabetic patients with chronic DPN by Boyle and

colleagues6 compared the analgesic efficacy of pregaba-

lin, amitriptyline, and duloxetine. The authors also

investigated the effects of these medications on sleep,

daytime functioning, and quality of life. Inclusion criteria

consisted of patients with diabetes 18 years or older with

diabetes-related neuropathic pain. Exclusion criteria

included evidence of cognitive impairment, end-stage

disease of a major system, recurrent and/or severe

hypoglycemic events in the previous 3 years, or recent

cardiac or cerebral ischemic events. Patients were also

excluded if they were pregnant or breast feeding, had a

history of substance abuse, or had been involved in

another clinical trial recently. Patients were randomized

into 1 of 3 treatment arms (pregabalin, amitriptyline, or

duloxetine). Patients were permitted to continue taking

opioids, NSAIDs, and up to 4 g/d of acetaminophen. Once

an 8-day placebo run-in was completed, patients were

titrated through 14 days of lower-dosed medication

(amitriptyline, 25 mg twice daily [BID]; duloxetine, 60

mg every morning; pregabalin, 150 mg BID). Dosages

were further titrated (amitriptyline, 25 mg every morning

and 50 mg every evening; duloxetine, 60 mg BID;

pregabalin, 300 mg BID) for 14 days. The primary outcome

was to assess pain with the brief pain inventory (BPI).

Secondary outcomes included quality of life assessed

using the short-form 36-item general health survey (SF-

36) at screening and on the last day of treatment.6

Baseline characteristics among treatment arms were

similar.6 Most patients were white, insulin-dependent

males aged 65 years diagnosed with diabetes (HgbA1c,

about 7.9%) for approximately 14.2 years; 78% of patients

completed the study. The primary outcome showed no

significant difference among the treatment groups. All 3

treatment arms reduced BPI severity by approximately

50%. For secondary outcomes, pregabalin improved sleep

continuity (P , .001), whereas duloxetine (60 and 120 mg)

decreased sleep efficiency (P , .001 and P , .05, respec-

tively), total sleep time (P , .0001 and P , .05), and

increased waking after sleep onset (P , .01). Amitriptyline

(50 and 75 mg) had no significant effect on sleep efficiency

or total sleep time but did significantly reduce waking

after sleep onset (P , .05). There were no other significant

differences among the groups in all other outcomes.

Pregabalin was noted to have a significantly more adverse

events (P , .001), such as fatigue, dizziness, and somno-

lence. One limitation that the authors suggested was that

the SF-36 tool may not have been a sensitive enough

measure to assess changes in mood throughout a 4-week

period. The authors concluded amitriptyline, duloxetine,

and pregabalin were equally effective analgesic medica-

tions for patients with diabetic neuropathy.6

A 14-week, randomized, double-blind, crossover, active-

control, clinical trial of 51 patients aged 18 to 75 years,

published in Diabetic Medicine, compared the efficacy and

safety of pregabalin and amitriptyline in alleviating pain

associated with DPN.7 The primary endpoint was the

median baseline reduction of pain using the visual analog

Ment Health Clin [Internet]. 2015;5(3):123-33. DOI: 10.9740/mhc.2015.05.123 125

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2024-12-24



scale (VAS). Secondary outcomes included pain assess-

ment using the short form McGill pain questionnaire, the

5-point Likert scale for pain, physician global assessment

of efficacy for depression, change in sleep pattern,

Hamilton rating scale for depression, patient self-evalua-

tion of overall change on 7-point Patient Global Impres-

sion of Change scale, adverse events, and patient

preference for treatment. Before the start of the study,

a 1-week washout period of previous medications taken

for DBP was required to establish baseline pain scores.

Amitriptyline was given orally, at doses of 10, 25, and 50

mg nightly, and pregabalin was given orally at doses 75,

150, and 300 mg BID. Each treatment was for 5 weeks. A

3-week placebo washout period took place between the 2

drugs. 7

Baseline characteristics reported patients were 54.5 years

old with a body mass index of 24.9 and HgbA1c level of

7.97%.7 Patients had been diagnosed with diabetes for 5

years and had experienced mostly foot pain for the past

12 months. Forty-four patients completed the study.

Average doses of pregabalin and amitriptyline were 218

mg/d and 16 mg/d, respectively.7 Patients were permitted

to receive up to 3 g/d of acetaminophen. Compliance was

assessed via self-report as well as tablet counting. Per the

patient’s global assessment of efficacy and safety, good,

moderate, and mild pain relief were noted in 48%, 13%,

and 15% of patients on pregabalin and 34%, 11%, and

27% of patients on amitriptyline. No significant differenc-

es were noted in both the primary and secondary

outcomes for either medication. More patients receiving

pregabalin showed good and moderate improvement in

their pain compared with those receiving amitriptyline.

Pregabalin also appeared to have less adverse events than

amitriptyline. The most common side effects included

increase in sleep duration and tiredness. One limitation

noted within the study was the lack of a placebo arm,

which could have improved the sensitivity for detecting

change with each drug in DPN. The authors stated that

both pregabalin and amitriptyline were safe and effective

for the treatment of diabetic neuropathic pain.7

A 31-week, randomized, controlled, double-blind, triple-

crossover study of 38 patients with neuropathic pain from

spinal cord injury investigated the effectiveness of

amitriptyline and gabapentin compared with diphenhy-

dramine in relieving chronic neuropathic pain at or below

the level of injury.8 The main efficacy measure was the

average VAS rating for pain during week 8 of each study

period. Additionally, an 11-point numeric rating scale and

the Center for Epidemiologic Studies Depression Scale-

short form (CESD-SF; high � 10, low � 10) were assessed

for each medication. There were 6 possible sequences of

the 3 medications, and patients were randomized to 1 of

the 6 sequences. The maximum doses in this study were

amitriptyline 50 mg 3 times daily (TID), gabapentin 1200

mg TID, and diphenhydramine 25 mg TID.8 Each study

drug was administered for 9 weeks after a 1-week

washout period. Patients were allowed to take up to 8

oxycodone/acetaminophen 5-325 mg tablets daily for

breakthrough pain. 8

Twenty-two patients completed all 3 phases of the study.

Baseline VAS scores were 4.6 for participants with low

CESD-SF scores and 7.41 for those with high baseline

CESD-SF scores. In those with high baseline CESD-SF

scores, amitriptyline (mean [SD], 4.21 [1.95]) was more

effective than diphenhydramine (mean, [SD], 6.68 [1.88];

P¼.035) at week 8. There was a trend showing

amitriptyline may be more effective than gabapentin,

but results were not significant (t¼2.23; P¼.061).
Gabapentin did not show superiority over diphenhydra-

mine (P¼.97). For those with lower CESD-SF scores, there

were no significant differences among the medications. At

least 50% of the participants who completed the study did

not use the oxycodone/acetaminophen for breakthrough

pain. Most common side effects included dry mouth,

drowsiness, and constipation. Limitations included a high

dropout rate, a short washout period, potential bias

because of patient payment, and patient self-reported

measures. The authors concluded the most effective of

the 3 study drugs was amitriptyline because of its efficacy

in pain relief as well as its low monthly cost.8

In its review of the TCA data, the European Federation of

Neurological Societies task force classified TCAs as

effective with level A evidence on the basis of 2 class I

meta-analyses but does not recommend a specific drug

within the TCA class. The American Academy of

Neurology1 states that amitriptyline (25-100 mg/d) is

supported by level B evidence based on 1 class-I and 2

class-II studies. A 2014 Cochrane Review9 of imipramine

for neuropathic pain found little evidence to support its

use to treat neuropathic pain.

Selective Norepinephrine Reuptake
Inhibitors

Serotonin-norepinephrine reuptake inhibitors (SNRIs) are

becoming increasingly popular as treatment for neuro-

pathic pain. These medications are thought to be better

tolerated than the traditional TCAs and have solid data

in different types of neuropathies demonstrating efficacy.

The first agent to show efficacy in noncontrolled or

open-label trials was venlafaxine. Since those publica-

tions, several other studies with stronger research

designs have been conducted with venlafaxine and will

be reviewed.10-14

Rowbotham and colleagues11 evaluated the efficacy and

safety of 6 weeks of venlafaxine extended-release in a

multicenter, double-blind, randomized, placebo-controlled
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trial of 244 patients with stable, type-1 or type-2 diabetes

with painful DPN. Primary measures included the VAS-

pain intensity (VAS-PI) and VAS-pain relief (VAS-PR)

scales. The Clinical Global Impressions severity of illness

(CGI-S) and the Clinical Global Impression-improvement

(CGI-I) scales, the patient global rating of pain relief, and

the percentage of patients receiving a 50% reduction in

their pain intensities were also reported. Patients were

divided equally into 3 groups, 80 patients received

placebo, 80 patients received venlafaxine ER 75 mg, and

82 patients received venlafaxine ER 150 to 225 mg.

Demographic and baseline characteristics were compara-

ble among treatment groups. Most patients were 59-year-

old males with neuropathic pain for 252 weeks. Average

baseline VAS-PI and CGI-S scores were 68.8 mm and 4.6,

respectively, which were considered moderately severe

pain.11

Higher-dose venlafaxine ER (150-225 mg/d) was signifi-

cantly more effective than placebo was for the primary

outcome measure of reduction in weekly mean VAS-PI

scores (P , .001). Higher-dose venlafaxine ER was also

significantly more effective than venlafaxine ER 75 mg at

week 6 (P¼.006). At week 6, using last observation

carried forward approach, the mean adjusted pain was

reduced by 18.77 mm for placebo, 22.4 mm for venlafaxine

ER 75 mg, and 33.8 mm for the venlafaxine ER 150 to 225

mg group. The number needed to treat to achieve a 50%

or greater reduction from baseline in pain intensity was

4.5 after 6 weeks of treatment with venlafaxine ER 150 to

225 mg daily. The most commonly reported adverse

events were nausea, dyspepsia, sweating, somnolence,

and insomnia. Blood pressure and cardiac rhythm changes

were more common in the venlafaxine group. The authors

determined that higher dosages of venlafaxine reached

statistical difference, compared with placebo and venla-

faxine at lower dosages, on both primary outcomes and

on all 4 of the secondary outcomes by week 6 of

treatment.11 The authors concluded that results of this

study determined that treatment with venlafaxine ER

resulted in dose-related clinically significant reductions in

neuropathic pain.11

Kadiroglu and colleagues12 evaluated the effect of

venlafaxine on painful DPN in 60 patients with type 2

diabetes mellitus. The 8-week study was designed as a

prospective, randomized, controlled trial consisting of 60

patients. To be included in the study, patients had to have

a VAS score of at least 40 mm, have an HgbA1c less than

11%, and not have received prior treatment for peripheral

diabetic neuropathy. Patients were randomized to receive

venlafaxine XR 75 mg or a control with vitamin B1 and

vitamin B6 tablets once a day. Outcome measures

included severity of pain measured by the VAS, the

short-form McGill pain questionnaire, and numeric analog

scale scores at admission. Baseline characteristics be-

tween treatment groups were comparable; the average

patient was a 53-year-old female who had diabetes for

approximately 8.7 years and an HgbA1c of 8.65%. At the

beginning of the study, the VAS score was 70.0 6 13.0

mm, the short-form McGill pain questionnaire was

24.9 6 6.2, and the numeric analog scale was 7.2 6 1.1;

scores were 73.0 6 8.0 mm, 26.8 6 6.2, and 7.4 6 0.8,

respectively, for the control group. The authors deter-

mined the severity of pain had better improvement in the

treatment group than in the control groups for both the

McGill pain questionnaire score (P¼.001) and the numeric

analog scale scores (P¼.001). Severity of pain was

markedly reduced after the second week in the treatment

group compared with the control group. The most

common adverse effect noted within the study was

nausea. At the conclusion of the study, the severity of pain

was reduced by 53% in the treatment group and 22% in

the control group (P , 0.05). They concluded that

venlafaxine was a safe and well-tolerated analgesic drug

for the symptomatic treatment of DPN, and that it shows

efficacy within the second week of therapy.12

Yucel and colleagues13 investigated the effectiveness and

safety of venlafaxine XR 75 and 150 mg on ongoing pain

and on quantitative sensory tests for 8 weeks in 60

patients with neuropathic pain. To be included, patients

were required to have symptoms of neuropathic pain for

at least 6 months and a pain rating of at least 4 on a VAS

pain scale from 0 to 10. Outcome measures included the

VAS, patient satisfaction, side effects, global efficacy, and

tolerance. Quantitative sensory measurements, taken

from affected area before and after drug treatment,

included pin-prick hyperalgesia, allodynia, detection and

pain thresholds to electrical and heat stimuli, and

temporal summation of repetitive electrical and heat

stimuli. Baseline patient demographics were similar

between the 2 groups. The VAS scores decreased

significantly in all groups (P , 0.009 in placebo;

P � 0.001 in both venlafaxine groups). Patient satisfaction

increased significantly in all groups; however, satisfaction

was significantly higher in the venlafaxine XR 75 mg group

than it was in the placebo group (P , 0.021). There was

no significant difference in side effects between the

groups. The authors concluded that there was a more-

pronounced decrease in ongoing pain intensity in the

venlafaxine 75 and 150 mg groups than there was in the

placebo group. However, there were no statistically

significant differences among the groups.13

A 2003 study,14 published in Neurology, compared the

possible efficacy of venlafaxine versus imipramine in

relieving painful polyneuropathy. It was a 12-week,

randomized, double-blind, placebo-controlled, 3-way

crossover study. Patients included were required to have

polyneuropathy present for more than 6 months and a

pain score of at least 4 on a 0 to 10 Likert scale after 1
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week without taking pain medication. Forty patients were

assigned to one of the treatment groups, and 29

completed all 3 study periods. Daily doses for venlafaxine

and imipramine were 225 mg and 150 mg, respectively.

Patients rated pain paroxysm, constant pain, and touch-

and pressure-evoked pain using a 0- to 10-point numeric

scale. Patients could also use up to 6 tablets of

acetaminophen 500 mg as escape medication during all

study phases. The sum of the individual pain scores was

lower on venlafaxine (P¼.006) and imipramine (P¼.001)
than it was on placebo. However, there was no statistical

difference noted between venlafaxine and imipramine

(P¼.44).The numbers needed to treat to obtain one

patient with moderate or better pain relief were 5.2 for

venlafaxine and 2.7 for imipramine. Adverse effects

between the treatment groups did not differ. Patients in

the imipramine group reported a higher incidence of dry

mouth and sweating, whereas those in the venlafaxine

group reported increased tiredness. The authors conclud-

ed that venlafaxine was similar in efficacy and tolerability

to imipramine.14

Another antidepressant with clinical trials supporting its

use in neuropathy is duloxetine.15 In one phase III,

multicenter, double-blind, placebo-controlled trial, 348

patients with DPN were randomized to either placebo,

duloxetine at 60 mg daily, or duloxetine at 60 mg BID for

12 weeks. Patients were required to score at least 3 on the

Michigan Neuropathy Screening Instrument and 4 or

higher on an 11-point Likert scale for 24-hour average pain

severity. The primary efficacy measure was change in 24-

hour average pain score on an 11-point Likert scale,

recorded in a daily pain diary. Both duloxetine groups had

significantly superior pain reduction compared with

placebo for the primary outcome, with a mean change

of �2.50 for duloxetine at 60 mg daily, �2.47 for

duloxetine at 60 mg BID, and �1.60 for placebo.

Duloxetine groups were also superior to placebo for

secondary outcomes of 24-hour worst-pain score and

night-pain score. There was no difference in efficacy

between duloxetine groups. Adverse events seen more

commonly in the duloxetine groups than with placebo

included nausea, somnolence, hyperhidrosis, and anorex-

ia, with vomiting and constipation occurring more

frequently only in the duloxetine 60 mg BID group.

Limitations included short treat duration because neurop-

athy requires a longer treatment duration, exclusion of

serious illness, and a requirement for stable dosages of

concomitant medications because the study may not be

generalizable.15

In another phase-III, multicenter, double-blind, placebo-

controlled trial, 334 patients with diabetic peripheral

neuropathy were randomized to either placebo, dulox-

etine at 60 mg daily, or duloxetine at 60 mg BID for 12

weeks.16 Patients included scored at least 3 on the MNSI

and 4 or higher on an 11-point Likert scale for 24-hour

average pain severity. The primary efficacy measure was

reduction in 24-hour pain score as measured on an 11-

point Likert scale, recorded in a daily pain diary. Pain

reduction for both duloxetine groups was significantly

superior to that of the placebo group for the primary

outcome, with a mean change of �2.72 for duloxetine at

60 mg daily,�2.84 for duloxetine at 60 mg BID, and�1.39
for placebo. Both treatment groups had superior pain

relief compared with placebo for secondary measures of

24-hour worst-pain score and night pain. There was no

difference in efficacy between duloxetine groups. Adverse

effects occurring more commonly in the duloxetine groups

than in the placebo group included nausea, fatigue,

somnolence, increased sweating, and dry mouth.16

Another double-blind, randomized trial included 457

patients with diabetic peripheral neuropathy randomized

to either duloxetine at 20 mg daily, duloxetine at 60 mg

daily, duloxetine at 60 mg BID, or placebo for 12 weeks.17

Patients included were required to score at least 3 on the

MNSI and to have a minimum score of 4 on an 11-point

Likert scale for 24-hour average pain score. The primary

efficacy endpoint was the mean change in 24-hour pain

score on an 11-point Likert scale, as recorded in a pain

diary. The duloxetine at 60 mg daily (�2.89) and

duloxetine at 60 mg BID (�3.24) groups had significantly

superior pain reduction compared with the placebo group

(�1.91) in the primary endpoint, whereas the duloxetine at

20 mg daily (�2.36) group did not. All 3 treatment groups

were superior to placebo for secondary outcomes of 24-

hour worst-pain score. Duloxetine at 60 mg daily and

duloxetine at 60 mg BID were superior to placebo for the

secondary outcome of night pain. Somnolence and

constipation occurred significantly more in duloxetine

than with placebo, with back pain, arthralgia, and pruritus

occurring significantly less in duloxetine; somnolence

occurred more frequently in the 60-mg BID group.

Limitations included short treatment duration and exclu-

sion of comorbid conditions and medications than may

have confounded study results, limiting generalizability.17

A randomized, double-blind crossover study compared

duloxetine at 60 mg daily with placebo for 12 weeks in 231

patients with chemotherapy-induced peripheral neuropa-

thy (CIPN).18 Patients were required to have greater than

grade-1 sensory CIPN, based on the National Cancer

Institute’s common toxicity criteria for adverse events and

at least 4 on a 10-point for average CIPN pain for at least 3

months after chemotherapy completion. Grade-1 sensory

CIPN was diagnosed by loss of deep tendon reflexes and/

or the presence of symmetric ‘‘stocking-glove’’ numbness

and/or paresthesias beginning after neurotoxic chemo-

therapy; grade 1 is the least severe of 5 grades. Patients in

the duloxetine group initially received 30 mg daily for 1

week, which was then increased to 60 mg daily for an
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additional 4 weeks before crossover. Pain was assessed

using the BPI short form. The duloxetine group had a

significantly greater reduction in average pain compared

with placebo (�1.06 versus �0.34, P¼.003). Adverse

effects were similar between groups, with common

adverse effects being fatigue, insomnia, and nausea.

Some limitations include higher dropout rate in the

duloxetine group (11% versus 1%), despite similar rates

of adverse events, and lack of assessment of dosage

changes in concurrent analgesic medications.18

Another randomized, double-blind crossover trial com-

pared amitriptyline to duloxetine for 14 weeks in patients

with painful diabetic neuropathy.19 To be enrolled,

patients were required to have a pain score greater than

50% on the VAS. The primary endpoint was reduction in

the median pain score from baseline using a VAS (0-100).

There was no significant difference between the 2

treatments regarding efficacy. Dosages were titrated to

effect, with 48% of amitriptyline patients reaching a

maximum dose of 50 mg and 65% of duloxetine patients

reaching a maximum dose of 60 mg. Duloxetine had more

mild adverse events, but amitriptyline had more severe

adverse events. The most common adverse events with

duloxetine were somnolence and constipation, whereas

dry mouth was more common with amitriptyline.

Limitations included the lack of placebo arm.19

An 8-week, double-blind, placebo-controlled trial com-

pared duloxetine to placebo in patients with neuropathic

pain caused by spinal cord injury or stroke.20 Patients

were required have severe neuropathic pain, rated 6 or

higher on a VAS, caused by lesions or dysfunction in the

central nervous system. Twenty-four patients were

randomized to flexible-dose placebo, and 24 patients

were randomized to flexible-dose duloxetine (60-120 mg/

d). Pain was assessed using an average of 9 VAS scores,

which were measured during the last 72 hours of

treatment. Mean pain scores changed from 7.1 (6 0.8)

at baseline to 5.0 (6 2.0) at endpoint, compared with 7.2

(6 0.8) at baseline and 6.1 (6 1.7) at endpoint in the

placebo group (P¼0.056), which was a trend toward

significance. There was no difference observed in response

to duloxetine between patients with spinal cord injury and

patients with stroke (P¼0.61). Somnolence was more

common in the duloxetine group than it was in the

placebo group (P¼0.003).20

There are currently no published clinical trials, to our

knowledge, examining the use of milnacipran or levomil-

nacipran for the treatment of neuropathy. There is

currently one ongoing study investigating the use of

milnacipran in the treatment of idiopathic neuropathy

pain. It is a randomized, placebo-controlled, double-blind

trial projected to be completed in October 2014.21

The use of SNRIs, like venlafaxine and duloxetine, is

supported by both the European Federation of Neurolog-

ical Societies (level A evidence) and the American

Academy of Neurology (level B evidence) guidelines.1

The recommended dose for venlafaxine is 75 to 225 mg/d,

with better pain control seen at higher dosages.1,10

Duloxetine is also effective for neuropathy, but no

increased pain control is seen with doses above 60 mg

daily.15,16 Both venlafaxine and duloxetine have compara-

ble efficacy to TCAs.14,18 To our knowledge, there is no

data to support the use of milnacipran or levomilnacipran

at this point in time.21

Other Antidepressants (SSRIs, Bupropion,
Mirtazapine, Nefazodone, Trazodone,
Atomoxetine)

Results from trials evaluating the efficacy of SSRIs for

neuropathic pain have yielded conflicting results, with

some medications (citalopram, escitalopram, fluoxetine,

paroxetine) demonstrating relatively small effects on

relieving pain associated with neuropathy. The SSRIs are

generally better tolerated than the TCAs are but have

consistently demonstrated less efficacy in relieving

neuropathic pain, with the inclusion of depressed patients

in some studies providing a confounding variable with the

potential to inflate pain-relief results.22-24

Paroxetine was compared with imipramine and placebo in

a small (n¼20), randomized, double-blind, crossover-

design study to assess efficacy in painful diabetic

neuropathy symptoms. Paroxetine at a 40-mg fixed dose

was compared with imipramine adjusted to plasma levels

of imipramine plus desipramine of 400 to 600 nM.25 Self-

rating showed no depressive symptoms for study patients

at baseline. Paroxetine reduced symptoms of neuropathy,

defined as a 50% reduction in pain as measured by

observer and self-rating, but was less effective than

imipramine. However, patients with a lesser response to

paroxetine than they had to imipramine were found to

have lower plasma concentrations of paroxetine than did

those with responses to paroxetine similar to those

observed in patients receiving imipramine. On imipra-

mine, 5 patients dropped out because of intolerable

adverse events, and 4 patients reported withdrawal

symptoms following discontinuation of imipramine,

whereas no patients dropped out because of adverse

events and no patients reported withdrawal symptoms

with paroxetine. In conclusion, paroxetine at 40 mg daily,

in patients for whom that dose yielded a sufficient plasma

level, appeared to reduce painful symptoms of diabetic

neuropathy with similar efficacy and better tolerability

compared with imipramine.25

Citalopram was compared with placebo in a small (n¼ 15),

randomized, double-blind, crossover-design study to
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assess efficacy in diabetic neuropathy symptoms. Citalo-

pram at a fixed dose of 40 mg was compared with

placebo.26 Citalopram reduced symptoms of neuropathy,

defined as a 50% reduction in pain as measured by

observer and self-rating, compared with placebo (3 of 15

versus 1 of 15), results, which were interpreted by the

investigators as indicative of less efficacy for citalopram

compared with their previous findings in studies with

imipramine. Side-effect ratings were higher during

administration of citalopram than they were during

administration of placebo, with 2 patients who received

citalopram discontinuing because of intolerable side

effects. However, citalopram was generally well tolerated.

In conclusion, the investigators interpreted the findings of

this study as suggesting that citalopram was less

efficacious, but better tolerated, than imipramine for

painful diabetic neuropathy.26

Max et al27 conducted 2 randomized, double-blind, cross-

over studies in patients with painful diabetic neuropathy.

Inclusion criteria required patients to have stable glycemic

control and painful diabetic neuropathy of at least

moderate severity for a minimum of 3 months. Eligible

patients were assigned to one of the following 2 random-

ized, 2-period (6 weeks separated by a 2-week washout)

crossover studies: a comparison of amitriptyline and

desipramine or a comparison of fluoxetine and placebo.

Following completion of one study and a 3-week washout

period, eligible patients could be enrolled in the other

study arm.27

Fifty-seven patients were randomly assigned to a study

arm (n¼29 to amitriptyline-desipramine and n¼28 to

fluoxetine-placebo).27 An additional 17 patients were

nonrandomly assigned to fluoxetine-placebo because of

contraindications to amitriptyline-desipramine, and 5

additional patients were added to amitriptyline-desipra-

mine after the fluoxetine-placebo study had filled. Twenty

patients who completed the fluoxetine-placebo study

were then enrolled in amitriptyline-desipramine, and 9

who completed amitriptyline-desipramine were enrolled

in fluoxetine-placebo. Because of adverse effects or vol-

untary withdrawal, 16 patients did not complete the

amitriptyline-desipramine study, and 8 did not complete

the fluoxetine-placebo study.27

Thirty-eight patients completed the amitriptyline-desipra-

mine study (mean daily dose of 105 mg for amitriptyline

and 111 mg for desipramine) and 46 completed the

fluoxetine-placebo (mean daily dose of 40 mg for

fluoxetine).27 Assessment of treatment efficacy was based

on improvement in pain-rating scores taken at week 6 of

treatment. Patients rated pain relief at the end of the

treatment period as complete, a lot, moderate, slight, none,

or worse. Percentages of patients rating pain relief as

complete, a lot, or moderate were 74% for amitriptyline,

61% for desipramine, 48% for fluoxetine, and 41% for

placebo. Although amitriptyline and desipramine were

more efficacious than placebo in patients with and with-

out depression, fluoxetine was more efficacious than

placebo only in patients with depression. Hamilton de-

pression scores improved significantly in patients receiving

fluoxetine or amitriptyline but not in those desipramine or

placebo. In conclusion, fluoxetine was not found to be

superior to placebo in the treatment of pain in diabetic

neuropathy, independent of improvement in depressive

symptoms.27

Most recently, escitalopram was evaluated for efficacy in

painful polyneuropathy in a randomized, placebo-con-

trolled, crossover trial.28 Inclusion criteria required pa-

tients to have symptoms consistent with polyneuropathy

for at least 6 months, as well as confirmation of

polyneuropathy by electrophysiologic testing or quantita-

tive sensory testing. Patients were slowly tapered off any

medications for neuropathic pain, with a 1-week washout,

before receiving escitalopram or placebo. Patients then

entered the crossover treatment sequence for 6 plus 6

weeks separated by a 2-week washout period. The study

drug was titrated to 20 mg daily after 1 week and was

maintained at that target dose for 4 weeks before

tapering off. After the fifth week of treatment patients

rated their pain relief using a verbal rating scale

(complete, good, moderate, slight, none, or worse).28

Forty-one of the 48 patients entering the study were

included in the data set. Four patients withdrew for an

adverse event experienced while receiving escitalopram,

whereas one patient withdrew because of an adverse

event experienced while receiving placebo.28 Pain relief

with escitalopram at 20 mg daily was statistically greater

than that observed with placebo, with more patients

(n¼ 11 versus n¼ 3) reporting moderate to good pain

relief (P , 0.05), and no patients reporting complete

relief. These results were seen in patients independent of

antidepressant effects of escitalopram. However, clinically

relevant effects were observed in only a few patients, with

more than half (13 of 24) of those reporting relief with

escitalopram reporting only ‘‘slight’’ relief. In conclusion,

the lack of robust improvement with escitalopram

suggests that it cannot currently be recommended as a

standard treatment for neuropathic pain.28

Bupropion demonstrated efficacy for peripheral neuro-

pathic pain in a small (n¼41), randomized, placebo-

controlled study of nondepressed patients.29 Patients

were randomized to either placebo or bupropion SR 150

mg daily for 1 week, followed by bupropion SR at 150 mg

BID for 5 weeks. Pain was assessed using the Wisconsin

Brief Pain Inventory. Patients also rated daily pain on a

VAS of 0 to 10. Average weekly pain score, as rated by

patients, was significantly lower for bupropion
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(P , 0.001). Pain significantly decreased from baseline to

endpoint for patients taking bupropion, as rated by the

Wisconsin Brief Pain Inventory (P , 0.001), whereas there

was essentially no decrease in pain for placebo. The most

common adverse effects for bupropion were dry mouth,

insomnia, headache, gastrointestinal upset, tremor, con-

stipation, and dizziness. Limitations included the few

patients studied and the short duration of treatment.29

Mirtazapine has been assessed for relief of psychiatric

symptoms (eg, anxiety, depression, insomnia) in patients

with cancer and pain but has not, to our knowledge, been

assessed for relief of neuropathic pain.22 To our knowl-

edge, nefazodone and trazodone lack human studies

assessing their efficacy for neuropathic pain,22 and

although the norepinephrine reuptake inhibition action

of atomoxetine suggests potential efficacy for neuropathic

pain, it too has yet to be assessed for this indication.

Guidelines and Meta-analyses

As noted above, several clinical trials have been conduct-

ed investigating the use of antidepressants in the

treatment of neuropathies. Unfortunately, few trials had

an active comparator group, thus, a couple of meta-

analyses have been conducted to determine whether one

agent was more effective. The first comprehensive meta-

analysis of the literature was conducted by the Cochrane

Pain, Palliative and Supportive Care Group.23 In that 2007

review, 61 clinical trials were included in the meta-

analysis. The primary results of the study showed that

TCAs were effective in treating moderate neuropathic

pain. The number needed to treat was 3.6 (95% con-

fidence interval [CI], 3-4.5). The SSRIs had limited data to

support their use. Venlafaxine had 3 trials showing efficacy

in DPN with a number needed to treat of 3.1 (95% CI 2.2-

5.1). Nutraceuticals were not found to be effective (St

John’s wort and L-tryptophan) and TCAs were not

effective in treating neuropathies related to human im-

munodeficiency virus. The primary limitations of this pub-

lication were that newer agents have been studied since

the release date of publication (2007).23

In a second and more recent meta-analysis, Rudroju and

colleagues30 reviewed 21 trials of various agents (anticon-

vulsants and antidepressants) in the treatment of painful

diabetic neuropathy. Their findings suggested that dulox-

etine, gabapentin, pregabalin, and venlafaxine were all

efficacious when compared with placebo; however, no

drug was found to be superior when comparing the 4

agents to each other. As far as tolerability, each agent

reported more adverse events than did placebo. However,

amitriptyline and duloxetine were found to have more

patients drop out from lack of tolerability than gabapen-

tin. The authors concluded that each of the agents had

similar efficacy, but amitriptyline was less tolerated.30

Finally, the American Academy of Neurology conducted

an extensive review of the literature to develop a practice

guideline for the treatment of painful diabetic neuropa-

thy.31 The panel identified 79 clinical trials to be included

in the analysis of the literature. In their findings,

amitriptyline, venlafaxine, and duloxetine were probably

effective in treating painful diabetic neuropathy (level B),

but venlafaxine and duloxetine were both effective in

improving quality of life. Venlafaxine was also found to be

beneficial if gabapentin monotherapy was ineffective.

Finally, there was a lack of data to support the use of

desipramine, imipramine, and fluoxetine in the treatment

of painful diabetic neuropathy. This practice guideline

investigated only efficacy and did not consider the

adverse event profile of these agents. For completeness,

it should be noted this treatment guideline recommended

pregabalin (level A) over all other agents, including

antidepressants, for the treatment of painful diabetic

neuropathy.31

Discussion

As noted above, multiple trials and reviews support the

efficacy of antidepressants in the treatment of neuro-

pathic pain. The TCAs have been found to be efficacious in

the relief of multiple types of neuropathic pain; however,

this class of medications has a higher incidence of adverse

effects than do other agents that have been studied.5-8

These side effects include increased sleep duration,

tiredness, constipation, and dry mouth.5,7,8 Imipramine,

desipramine, and nortriptyline do not have superior

efficacy compared with their study counterparts.5-7,9,31

Higher dosages of venlafaxine were generally more

effective in relieving neuropathic pain.11 Additionally,

venlafaxine has shown effectiveness as both monotherapy

and adjuvant therapy to gabapentin in the treatment of

neuropathic pain.10-14 The most common side effects

associated with venlafaxine are nausea, dizziness, light-

headedness, and fatigue.10-12 Duloxetine therapy once

daily was shown to be as effective as duloxetine therapy

twice daily with less associated side effects.15,16 Those

side effects included nausea, somnolence, hyperhidrosis,

and anorexia.15 When the duloxetine dosage was

increased, vomiting and constipation were more preva-

lent.15 Both venlafaxine and duloxetine were shown to

have comparable efficacy to TCAs.14,19 There is no data to

support the use of milnacipran or levomilnacipran at this

point in time. For SSRIs, paroxetine had similar efficacy as

imipramine, whereas citalopram was found to be less

efficacious but better tolerated.25,26 Fluoxetine was only

efficacious if patients had preexisting depression.27

Escitalopram was not shown to offer robust improvement

in the treatment of neuropathic pain.28 Bupropion has

demonstrated efficacy compared with placebo.29 Mirta-

zapine, nefazodone, trazodone, and atomoxetine lacked
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data to support their use. In conclusion, there is significant

evidence to support the use of antidepressants in the

treatment of neuropathic pain.

Based on the antidepressant data presented in this review,

we concluded venlafaxine and duloxetine should be

considered as first-line antidepressant agents for the

treatment of neuropathy. Both agents showed efficacy in

improving neuropathic pain, with lower incidence of

adverse effects than TCAs. The TCAs are appropriate as

second-line agents. These medications have efficacy in

reducing neuropathic pain but have a higher incidence of

adverse effects than do SNRIs. Should other agents not be

effective, appropriate third-line agents include paroxetine,

citalopram, and bupropion. These agents have been

shown to be efficacious when compared to a TCA or

placebo, but do not have as much data to support their

use. Fluoxetine may be used as a third-line agent only in

patients with concomitant depression. We would not

recommend using escitalopram for the treatment of

neuropathic pain because it did not show significant

efficacy. We do not currently recommend the use of other

antidepressants, including levomilnacipran, milnacipran,

mirtazapine, nefazodone, trazodone, and atomoxetine

because of the lack of data at this time.
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