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Review Article

Antidepressantsfor the Treatment of

Neuropathic Pain

VWC Liu, LW Lam, HFK Chiu

Abstract

Tricyclic antidepressants have been the mainstay treatment modality of neuropathic pain.
However, use of these agents has been limited by their significant side effects and potential
cardiac adverse events, particularly in overdose. Newer antidepressants have been shown to
have better safety profiles and tolerability. This article examines current evidence of the use of
newer antidepressantsin thetreatment of neuropathic pain. The proposed mechanismsof action,
clinical evidence and tolerability were reviewed. Although tricyclic anti depressants appear to be
the most efficacious agents for neuropathic pain, there is inadequate evidence supporting their
prolonged use. Paroxetine, trazodone, nefazodone, mirtazapine, and venlafaxine are potentially
useful agents, but these drugs can also produce treatment-limiting side effects.
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Introduction

Neuropathic pain is the pain initiated or caused by a
primary lesion or dysfunction in the nervous system.>?The
possible aetiol ogies could be central in cases of stroke, mul-
tiple sclerosis, or epilepsy, or peripheral in conditions such
asdiabetic neuropathy, postherpetic neuralgia, and traumatic
nerve injury.2® There is no pathognomonic description for
neuropathic pain in the literature, but the combination of
burning or electrical pain with numbness and tingling, as
well as pinsand needles are thought to be highly indicative.?
Since this pain is usually chronic and responds poorly to
analgesics, many non-pharmacol ogical and pharmacol ogical
treatments have been proposed. For exampl e, transcutaneous
electrical nerve stimulation (TENS) had been shown to be
effective in the treatment of diabetic neuropathy.*

A large variety of pharmacological agents, topical or
oral, are also being used. These include antidepressants
(especially the tricyclic antidepressants; TCAS), anti-
convulsants, gamma-aminobutyric acid (GABA)-B receptor
agonists, N-methyl-D-aspartate (NMDA) antagonists,
opioids, levodopa and topical capsaicin creams.

According to the systematic review by Sindrup and
Jensen, TCAs are the most efficacious agents for the
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treatment of neuropathic pain.® While newer antidepressants
such as sel ective serotonin reuptake inhibitors (SSRIs) and
venlafaxine share some similar pharmacodynamic properties
with TCAs, the former may be potentially useful for the
treatment of neuropathic pain, especially for patients with
comorbid depression and suicide risk. Newer antidepressants
have additional benefits — they are better tolerated and safer
in overdose.® While the side effects of TCAs may limit the
achievement of optimal dose, this problem is less likely with
newer antidepressants. In this review, the current evidence
for possible underlying mechanisms and side effect profiles
of antidepressants commonly used in the treatment of
neuropathic pain are examined.

Tricyclic Antidepressants

The efficacy of TCAs in the treatment of depression was
originally reported by Kuhnin 1958.” Thereafter, TCAscame
to be considered the mainstay treatment for depression.
Although monoamine reuptake blockade properties seem
to be the important initial mediator for their antidepressant
action, the main mechanism is thought to be a delayed
adaptive downregulation of postsynaptic receptors.®

The use of TCAs in the treatment of neuropathic pain
can be dated back to areport by Woodforde et al of treatment
of postherpetic neuralgiain 1965.° However, early studies
of tricyclic antidepressants were complicated by the
concomitant use of other drugs.l® In 1982, Watson et al
reported one of the earliest randomised, double-blind,
placebo-controlled, crossover trials studying the effects of
amitriptyline in the treatment of postherpetic neuralgia.’
The study recruited 24 patients and employed a treatment
duration of 3 weeks. The effects on depression, sleep, and
untoward reactions were monitored. The drug relieved pain
for most of the non-depressed patients (11 of 14) and showed
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good pain-relieving responsefor 1 patient whose depression
persisted. Among patients with good pain relief, the blood
levels of amitriptyline and nortriptyline were below or at
thelower end of the therapeutic ranges usually associated with
antidepressant effects.

In 1984, Kvinesdal et al reported the efficacy of
imipramine in painful diabetic neuropathy.!! In this fixed-
dose, double-blind, randomised, placebo-controlled, cross-
over study, the drug regimen was 50 mg/day during the first
week and 100 mg/day from the second to the fifth week.
Seven patients showed improvement in the global assessment
while taking imipramine and none had improvement in the
placebo period. It was reported that most of the beneficial
effects occurred after 1 week of treatment. During the past
20 years, amitriptyline,**1214 desipramine,>>16 imipramine,
nortriptyling,” and clomipramine®® were shown to be useful
in relieving neuropathic pain in various placebo-controlled
trials. In each case, the efficacy appeared to be independent
of the character of the pain'® and the drug effect on mood.?
Asfor the possible mechanisms, TCAswerethought to exert
their analgesic effects mainly through central modulation
of both serotonergic and noradrenergic activities.???

TCAs have diverse actions through their effects on
different receptors. The sedative effect of TCAS is some-
times useful for sleep disturbance, but the anticholinergic,
cardiotoxic, and orthostatic effects may be problematic. In
thestudy by Kvinesdal et al described earlier, 3 of 15 patients
dropped out because of compliance problemsand intolerable
sideeffects (dizzinessand orthostatic hypotension) .t Inview
of their better safety and tolerability characteristics, the
potential usefulness of newer antidepressants for the treat-
ment of neuropathic pain is worthy of further exploration.
Comparative properties of antidepressants used in the
treatment of neuropathic pain are summarised in Table 1.

Use of Newer Antidepressants

Selective serotonin reuptake inhibitors

SSRIs selectively block the reuptake of serotonin in the
presypnaptic bulb, and are reported to have a lower inci-
dence of side effects compared with TCAs. One study
demonstrated that paroxetine 40 mg/day was effective for
painful diabetic neuropathy. In a double-blind, placebo-
controlled, crossover study, cital opram 40mg/day was shown
to provide slight relief of the symptoms of chronic diabetic
neuropathy.

Inatrial comparing desipraminewith amitriptyline, and
fluoxetine with placebo, Max et a found that fluoxetine
40 mg/day did not appear to be effectivefor painin diabetic
neuropathy, while amitriptyline and desipramine were each
effective, to a similar degree.’ The findings supported
the hypothesis that the inhibition of the reuptake of nor-
adrenaline may account for the analgesic effect of TCAs.
The blockade of serotonin reuptake by amitriptyline might
augment the analgesic effect.’>%In similar fashion to claims
regarding antidepressant effects, an enhanced analgesic
effect of other antidepressants with dual actions was
proposed.
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Moclobemide

Moclobemide, areversibleinhibitor of monoamine oxidase-
A, appearsto be asafer option than conventional monoamine
oxidaseinhibitors (MAOISs) becauseitislesslikely toinduce
hypertensive crisis and isless toxic in overdose. Moreover,
moclobemide is better tolerated than MAOIs, and has an
overall side effect profile comparable to fluoxetine.?
However, the efficacy of moclobemide in treating neuro-
pathic pain seems to be limited. In an open-label study in
patients with chronic neuropathic pain, a discernible anal-
gesic effect was noted only in 1 of 7 patients.?

Mianserin

Mianserinisatetracyclic antidepressant, with agood safety
profilein overdose, and low cardiotoxicity. It isantagonistic
at a,-adrenoceptors and predominantly enhances nora-
drenergic transmission only.2The use of mianserin hasbeen
limited by its hypotensive action (dueto the o, -adrenoceptor
blockade) and potent antihistaminic effects. There are no
reportsto support the clinical effectiveness of mianserin for
treatment of neuropathic pain. In a double-blind, placebo-
controlled study inwhich 59 subjectswith chronic pain were
recruited and the daily dosage of mianserin was 60 to 90 mg,
Onghena et a showed no significant pain reduction.?

Mirtazapine

Mirtazapi ne enhances both noradrenergic neurotransmission
and serotonergic neurotransmission by antagonising a-
autoreceptors on noradrenergic neurones— which increase
noradrenaline release, and o ,-heteroreceptors on serotonin
(5-hydroxytryptamine; 5-HT) nerveterminals. Theincreased
levels of noradrenaline act on a,-adrenoceptors on the
serotonergic cell body to increase serotonergic cell firing.
The onset of antidepressant action with mirtazapine was
reported to be more rapid than SSRIs,* afinding thought to
result from this unique mechanism of immediate increase
in serotonergic firing rate. In contrast to mianserin, mirtaza-
pinelacksthe a -adrenoceptor antagonism that is associated
with postural hypotension. Compared with SSRIsand venla-
faxine, nausea and anxiety are less likely with mirtazapine
because of its 5-HT, receptor blockade. The antagonistic ac-
tion of the drug at 5-HT,, receptors reduces the potential for
sexual dysfunction asasideeffect. 2 Inrelationto thetreatment
of neuropathic pain with mirtazapine, only asingle case report
has been published,® and further evaluation is required.

Trazodone

Trazodone antagonisesthe 5-HT,,, postsynaptic receptor and
also increases the release of noradrenaline via presynaptic
a,-receptor blockade. Serotonin reuptake blockade by the
drug isweak and probably clinically insignificant. Trazodone
has many side effectsin common with mianserin. In addition,
it has been found to cause priapism in approximately 1 in
6000 mal e patients.* Studies using trazodone in neuropathic
pain haveyielded conflicting results. Khurana® and Wil son®
reported on the drug’'s usefulness in diabetic neuropathy.
The pain-relieving effect appeared to be rapid in onset® and



Table 1. Comparison of antidepressants commonly used in the treatment of neuropathic pain.

Antidepressants for Neuropathic Pain

5-HT,, receptor and 3-adrenergic
receptors

Drug or class Main hypothesised Efficacy studiesin Types of neuropathic ~ Tolerability/common side
mechanisms contributing to neuropathic pain pain reported effects? 2.25:36,57,48,49,50, 51
antidepressant effect®828:3637.44-46

Tricyclic Inhibition of both NA and 5-HT  Controlled trials'®82  Diabetic Constipation, dry mouth,

antidepressants*  reuptake pump neuropathyt121316-20 blurred vision, cognitive
Down-regulation of postsynaptic Postherpetic changes, tachycardia, and

neural gial®s4

urinary hesitancy (anti-
cholinergic)

Orthostatic hypotension
(a-adrenergic blockade)
Sedation and weight gain
(histamine blockade)
Cardiotoxicity

and NA

Acute onset of down-regulation of
postsynaptic [3-adrenergic receptor

SSRIs Blockade of 5-HT reuptake Placebo-controlled Diabetic Usually well tolerated
pump trial®®; paroxetine neuropathy?2447 Nausea and even vomiting
Down-regulation of 5-HT Open study*’: sertraline (release of 5-HT in gut and
autoreceptor Placebo-controlled actions on 5-HT, receptor)
Down-regulation of postsynaptic  trial?*: citalopram Sleep disturbance
5-HT,, receptors Delayed ejaculation or
orgasm (?actions of 5-HT
at 5-HT, receptor in man)
Trazodone* Antagonism at 5-HT,, receptor Open studies®* Diabetic neuropathy*3* Drowsiness and nausea
Modest inhibition of NA and Priapism
5-HT reuptake
Stimulation of 5-HT, receptor
(indirect agonism)
Down-regulation of 5-HT,
receptor
Nefazodone* Antagonism at 5-HT,, receptor Open study® Diabetic neuropathy®  Nausea and restlessness
Modest inhibition of NA and
5-HT reuptake.
Stimulation of 5-HT,, receptor
(indirect agonism)
Down-regulation of 5-HT,, receptor
Mianserin a, antagonism and predominant ~ Not available Hypotensive action
enhancement of NA (a,-adrenoceptor)
neurotransmission Weight gain (5-HT .
Antagonism of 5-HT,, and 5-HT,_ receptor and antihistaminic
receptors effect)
Drowsiness and sedation
Mirtazapine* Postsynaptic o ,-heteroreceptor Case report® Chronic pain Sedation, increased appetite
antagonism on 5-HT neurones and weight gain
and blocking a,-autoreceptors on (antihistaminic effect)
noradrenergic neurones, resulting
inincreasein both 5-HT and NA
neurotransmission.
Down-regulation of postsynaptic
5-HT,, receptors and presynaptic
5-HT receptors
Moclobemide*  Reversible inhibition of Not available Sleep problems
monoamine oxidase-A (?activating effect),
Down-regulation of postsynaptic [otherwise similar side
[B-adrenoreceptor and 5-HT effect profile to SSRIs|
receptors
Venlafaxine* Inhibition of reuptake of 5-HT Open study* Reflex dystrophy, Overall side effect profile

intercostal neuralgia,
atypical facia pain,
peripheral neuropathy,
poststroke pain, and
postzoster pain®

comparable to SSRIs at low
dose
Hypertension at high dose

* Antidepressant with significant dual mechanism of action.

Abbreviations: NA = noradrenaline; 5-HT = serotonin (5-hydroxytryptamine); SSRIs = selective serotonin reuptake inhibitors.
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occurred at doses aslow as 50 to 100 mg/day.* On the other
hand, in an 8-week, double-blind, placebo-controlled trial
of 37 patients, Tammiala-Salonen and Forssell found that
trazodone failed to relieve burning mouth pain.*

Nefazodone

Nefazodone exerts a dual mechanism of action in relation to
the serotonergic system. It is a selective 5-HT,, antagonist
with strong 5-HT,, blocking activity, and also inhibits sero-
tonin presynaptic uptake.*® Nefazodone modestly inhibits
reuptake of noradrenaline. It is safe in overdose, and does
not block anticholinergic receptors. Sleep continuity is select-
ively improved, an effect possibly related to the 5-HT,, ..
receptor blockade, and less sexual dysfunction is reported
because of the 5-HT, receptor inhibition and 5-HT reuptake
blockade.?®3” Compared with trazodone, nefazodone is less
sedative (because of alack of antihistaminic activity) and is
lesslikely to cause priapism.® In arecent open study, Goodnick
et a demonstrated that at a mean dose of 340 mg/day,
nefazodone was effective in relieving the pain, parasthesis,
and numbness associated with diabetic neuropathy.®

Venlafaxine

Venlafaxine is a strong reuptake inhibitor of both serotonin
and noradrenaline. At low doses, it is mainly a serotonin
reuptake inhibitor, associated with similar side effects as
SSRIs. At high doses, it also inhibits noradrenaline reuptake,
whichmay result inincreased blood pressure. Venlafaxinewas
shown to be effective in the treatment of depression and was
suggested to have arapid onset, which might be explained by
the acute onset of the down-regulation of [-adrenergic
receptors.® On the other hand, the anti cholinergic, histamin-
ergic, and adrenergic activities of venlafaxine are minimal,
and thusit is better tolerated than the TCAs. Nausea seemsto
be acommon sideeffect in theinitia treatment phase.* Blood
pressure monitoring is advisable when using venlafaxine,
especialy in high doses.

Thereare severd reportsof the effectiveness of venlafaxine
in the treatment of chronic pain. In the open study by Taylor
and Rowbotham, involving 12 patients with chronic pain,
all 7 with neuropathic pain responded with mild to moderate
relief. % The dosage ranged from 37.5 mg to 250 mg/day in
these patients. In 1999, Davis and Smith reported a patient
with painful peripheral neuropathy syndrome who had a dra-
matic response to venlafaxine 75 mg/day. ** That patient was
reported to have nearly complete relief of pain within 5 days.

Discussion

Which isthe Most Efficacious Antidepressant?

The number needed to treat (NNT) approach* has been used
recently in various reviews comparing the efficacy of dif-
ferent pharmacological treatment for pain conditions in
controlled studies.>#**The NNT is the number of patients
needed to be treated with a certain drug to obtain one patient
with a certain level of pain relief. Compared with other
approaches such as effect size, NNT is more readily
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interpretablein clinical settingsand more helpful in decision-
making. The efficacy of TCAs for the treatment of neuro-
pathic pain is supported by numerous randomised, double-
blind, controlled trialsin several pain conditions. While the
favourable outcome has been defined asameasure equival ent
to more than 50% of pain relieved, the NNT was cal culated
as 2.9 (range, 2.4 to 3.7) [overdl] for TCAS,* as 2.9 for
paroxetine,® and as 7.7 for citalopram.® It was suggested that
the NNT for TCA would be even smaller if optimal plasma
drug concentrations could be achieved.® Among the SSRIs,
paroxetine seems to be most promising.

Many studies of the newer antidepressants in treatment
of neuropathic pain arelimited to open-label studiesor case
reports. Interpretation of these is difficult, and factors such
as the dosage and use of concomitant medications are not
controlled. Double-blind placebo-controlled clinical trials
are needed to evaluate the potential value of these agentsin
the treatment of neuropathic pain. It aso appears premature
to conclude that a dual mechanism of action increases anti-
depressant efficacy. This Situation is not surprising, because
the serotonergic and noradrenergic systemsinteract closely both
anatomically and pharmacol ogically, and attemptsto focus on
the dichotomy of these 2 systemsislikely to be incomplete.

Clinical Implications: Selection of a Suitable
Antidepressant
Based on the currently avail able evidence, TCAsremain the
first-line antidepressant treatment for neuropathic pain.
However, the side effect profiles of these agents need to
be fully explained and monitored because the incidence of
side effects is high and may lead to early discontinuation.
Also, thereis alack of evidence supporting maintenance use
of TCAs in neuropathic pain. Regular evaluation of the
effectiveness of TCAs should be done; if TCAs are found to
be ineffective or the side effects cannot be tolerated, atrial of
one of the newer antidepressants would seem to be worth-
while. Meanwhile, a high index of suspicion for detection of
depression should be maintained while treating patients
with chronic pain. For depressed patients, the assessment
of suicide risk should be taken serioudly. If the patient has a
high suicide risk, the balance of clinical effectiveness against
risk of overdose should be carefully evaluated.

The choice among the newer antidepressants depends a
lot on their side effect profiles. SSRIs are associated with a
higher incidence of nervousness, anxiety, and insomniawhen
compared with nefazodone or mirtazapine. Drowsiness is
more likely to be associated with mirtazapine, postural
orthostatic hypotension with nefazodone, and hypertension
with venlafaxine. SSRIsand venlafaxine are associated with
sexual dysfunction.

Conclusions

Although TCAs are widely used and appear to be the most
efficacious agents among the pharmacological treatments of
neuropathic pain, unselected long-term use of such agentsis
not justified. Treatment response, tolerability, and safety should



be consideredin clinical settings. A high index of suspicion
isrequired for detection of comorbid depression and suicidal
tendency. The effectiveness of the agents prescribed should
be reviewed regularly. While the evidence for the efficacy
of newer antidepressantsisaccumulating, paroxetine seems
to bethe best comparable alternative to TCAs. Other agents,
such astrazodone, nefazodone, mirtazapine, and venlafaxine
are potentially useful. These agents should therefore be
included in comparative trialsin the future.
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