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Abstract

Purpose of Review While clinicians have been using antidepressants for off-label indications in the treatment of chronic pain in
recent years, newer studies have proven effectiveness and provided additional mechanistic understanding and defined potential
adverse effects. As depression and chronic pain are frequently comorbid conditions, the use of antidepressants has allowed for
treatment of both conditions concomitantly in the same patient population.

Recent Findings The most commonly used antidepressants for chronic pain are tricyclic antidepressants (TCAs), though selec-
tive serotonin or noradrenaline reuptake inhibitors and other atypical antidepressants have been shown to be effective at treating
chronic pain. In addition to neuropathic pain, bupropion has also demonstrated effectiveness in treating chronic pain caused by
inflammatory bowel disease. Selective norepinephrine receptor inhibitors (SNRIs), including duloxetine, serve to suppress
neuropathic pain by altering recovery of the noradrenergic descending inhibitory system in the spinal cord. While the direct
mechanism of action is largely unknown, TCAs may suppress the noradrenergic descending inhibitory system to produce an
antihyperalgesic effect.

Summary The use of antidepressants offers alternative and adjunctive therapy options for patients suffering from chronic pain
from various modalities. TCAs, mono-amine oxidase inhibitors, selective serotonin receptor inhibitors, SNRIs, and atypical
antidepressants have been shown to have analgesic and sometimes antiinflammatory capabilities that are independent of their
mood-stabilizing effects. Further studies are warranted to establish better safety profiles and efficacy of antidepressant use in
chronic pain.

Keywords Off-label antidepressants - Antidepressants - Chronic pain - TCAs - SNRIs - SSRIs

Introduction available for patients that suffer from chronic pain, ranging

from pharmacological therapy to surgical interventions. As

Chronic pain is one of the leading cost burdens to the US
healthcare system, estimated to exceed over $100 billion an-
nually [1]. There are many different treatment options
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While clinicians have prescribed antidepressants for many
decades, off-label use for treating chronic pain has significant-
ly increased in the past decade. In this regard, recent studies
have proven their effectiveness and given further understand-
ing of their mechanisms, drug-drug interactions, and adverse
effects.

Neuropathic pain is defined by the International
Association for the Study of Pain (IASP) as pain caused by
a lesion or disease of the somatosensory nervous system [2].
Pain typically develops from an injury or pathology affecting
the somatosensory pathways in the peripheral or central ner-
vous system. Nociceptive stimuli that originate in the periph-
ery are transported by primary sensory neurons through the
dorsal horn of the personal cord and then to many brain struc-
tures throughout the ascending pain pathway. The descending
fibers that originate in the brainstem suppress pain neurotrans-
mission and act as a homeostatic regulator [3]. These descend-
ing fibers release serotonin and noradrenaline as their neuro-
transmitters and dysfunction of these systems is likely to in-
duce dysfunctional descending serotonin or noradrenaline
antinociceptive pathways. This explains why pain and depres-
sion are often comorbid conditions and helps to clarify why
patients with chronic pain often develop depression in their
disease burden [4]. As depression and chronic pain are fre-
quently comorbid conditions, antidepressants have been used
to treat both conditions concomitantly in the same patient
population [3]. The most commonly used antidepressants for
chronic pain are tricyclic antidepressants (TCAs), but selec-
tive serotonin or noradrenaline reuptake inhibitors and other
atypical antidepressants have been proven to be effective in
the treatment of chronic pain [3].

The proposed mechanism behind the analgesic properties
of antidepressant drugs is typically described to result from the
inhibition of monoamine reuptake in the CNS, which leads to
increased activity of the descending pathways and their
antinociceptive effects on pain homeostasis [3].
Antidepressants have analgesic effects that are independent
of their effect on depression. This partly may be because dos-
ages needed to achieve optimal analgesia are significantly
lower than dosages used to treat depressed mood [5].
Additionally, evidence for their independence is that there
are differences in analgesic effectiveness between different
classes of antidepressants and that the delay in onset of anal-
gesic effects after administration appears after a shorter time
than their given antidepressant effect [6, 7]. Further, antide-
pressants have been shown to have a different risk profile and
set of adverse effects when used at dosages used of analgesia

[8].
Bupropion

Bupropion is a second-generation atypical antidepressant that
is distinct from other classes of antidepressant that include
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SSRIs, SNRIs, TCAs, and monoamine oxidase inhibitors.
The precise mechanism of action remains unknown but it
has been hypothesized that bupropion acts via
norepinephrine-dopamine reuptake inhibition [9]. It blocks
the reuptake of dopamine twice as much as that of norepineph-
rine reuptake. While bupropion does not inhibit monoamine
oxidase or serotonin reuptake, it has been shown to indirectly
enhance the firing of serotonergic neurons by activation of
downstream norepinephrine reuptake [10]. Additionally,
bupropion acts as a noncompetitive nicotinic acetylcholine
receptor antagonists [11].

Bupropion is indicated for the treatment of major depres-
sion, seasonal affective disorder, attention deficit hyperactivi-
ty disorder (ADHD), tobacco dependence, hypoactive sexual
disorder, and obesity [9]. It may also be preferred by patients
who want to minimize the risk of antidepressant-induced sex-
ual dysfunction. Bupropion also has a relatively benign safety
profile but does have some serious complications including a
risk for seizures. The risk for seizures is dose-dependent and
ranges from 0.1 to 4.0% at higher doses of up to 600 mg per
day [12]. Moreover, bupropion’s risk for seizures is greatly
increased in patients with eating disorders and eating disorders
are considered a contraindication. Overall, bupropion’s risk
for seizures is similar to the other typical antidepressants
[13]. The most common side effects of buproprion include
dry mouth nausea and insomnia [9]. The treatment of neuro-
pathic pain with bupropion has been well established. A dou-
ble-blind, randomized trial of bupropion SR for the treatment
of various forms of neuropathic pain demonstrated a signifi-
cant decrease in the interference of pain on quality of life
while patients were receiving bupropion SR compared with
a placebo [14].

In addition to neuropathic pain, bupropion has also shown
some effectiveness in treating chronic pain that is caused by
inflammatory bowel disease (IBD). IBD is a group of relaps-
ing incurable diseases of the gastrointestinal tract and is com-
prised of two major disorders; ulcerative colitis and Crohn’s
disease that have two distinct pathological processes [10].
Pain may arise from several different mechanisms, including
partial blockage and gut distention as well as severe intestinal
inflammation [15]. While most patients suffer from pain dur-
ing acute flares of IDB that typically improve as disease ac-
tivity decreases, a significant percentage of IDB patients will
continue to have pain despite resolved inflammation and
achieving what appears to be clinical remission. Evidence
suggests that sensory and pain pathways sensitize during an
acute flair of inflammation that causes chronic changes in
afferent neurons and the CNS pain processing [15]. As a re-
sult, IBD can suffer from chronic pain. While current treat-
ment is aimed at decreasing the number of relapses and length-
ening remission, treating and addressing chronic and possible
neuropathic pain that is caused by IBD is also needed to im-
prove the quality of life.
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A systematic review showed that the use of antidepres-
sants did not have a statistically relevant impact on the
course of inflammatory bowel disease; still, the treatment
of IBD with bupropion has shown some promise. Recent
studies have demonstrated that bupropion may have
antiinflammatory properties in addition to analgesic capa-
bilities that could have added benefit in the treatment in
IBD [16]. Bupropion has also been shown to lower the
levels of an inflammatory mediator TNF-« by increasing
the intracellular cAMP that inhibits TNF-« synthesis [17].
It also reduces the levels of interferon-y [18].
Additionally, recent animal studies have shown that
bupropion possesses analgesic and antiinflammatory
properties that are likely mediated via inhibition of pros-
taglandin synthesis and a probable central inhibitory
mechanism [19]. Bupropion shows promise as a potential
therapy for IBD as it has both analgesic and potential
antiinflammatory properties. Further research is needed
to clucidate the efficacy of bupropion for the treatment
IBD in human models and clinical trials.

Serotonin-Norepinephrine Reuptake Inhibitors

Serotonin-norepinephrine reuptake inhibitors (SNRIs) are
a widely used class of medications that are primarily used
for treating depression. SNRIs are also used for managing
anxiety disorders, obsessive compulsive disorder, atten-
tion deficit disorder, and chronic pain conditions [20]. In
the treatment of chronic pain, SNRIs are used in muscu-
loskeletal and low back pain as well as in neuropathic
pain, fibromyalgia, and more recently postoperative pain.
SNRIs are part of the antidepressant class of drugs that
specifically target the presynaptic norepinephrine and se-
rotonin transporters. This leads to increased concentra-
tions of serotonin and norepinephrine in the synaptic
clefts, and therefore increased stimulation of postsynaptic
receptors [21]. Duloxetine serves to suppress neuropathic
pain by altering the recovery of noradrenergic descending
inhibitory system in the spinal cord [22]. Despite its wide
efficacy, there are certain challenges that SNRIs pose to
providers. The most common side effects reported with
SNRIs are nausea, dry mouth, insomnia, constipation, fa-
tigue, and increased blood pressure. In addition, SNRIs
usually take from 8 to 14 weeks in order to achieve the
maximal effect and finding the correct and effective dose
that often takes multiple trials and monitoring.
Discontinuation has been associated with a multitude of
withdrawal symptoms; discontinuation syndrome most
commonly causes dizziness, nausea, and headaches,
among others [23]. There are currently five SNRIs that
are used in practice: venlafaxine, desvenlafaxine,
duloxetine, levomilnacipran, and milnacipran.

Duloxetine

Duloxetine is a serotonin-norepinephrine reuptake inhibitor
(SNRIs) that has been used for managing depression. It has
also widely been studied as a pharmacological option for the
treatment of chronic pain conditions. Osteoarthritis is the most
common joint disorder in the USA and can cause patients
significant pain and physical impairment. Duloxetine has been
studied as a pharmacological agent that can help with the
management of osteoarthritic pain. A Japanese study recently
has shown that in patients with chronic knee osteoarthritis,
treatment with duloxetine (60 mg/day for 48 weeks) sustained
improvement in pain [24]. It was also shown in this trial that
long-term treatment with duloxetine improved physical, men-
tal, and emotional health reported by both the patients and
physicians [24]. Another study evaluated the efficacy of treat-
ment with pregabalin and duloxetine and its effect on hand
osteoarthritis. Duloxetine was reported to have a mild im-
provement in patient’s reported pain [25].

Neuropathic pain can negatively affect a patient’s quality of
life. Diabetic peripheral neuropathy (DPN) is the most com-
mon cause of neuropathic pain in the world and affects nearly
50% of patients with diabetes [26]. Duloxetine has been dem-
onstrated to be efficacious at reducing neuropathic pain; in a
systematic review of three randomized clinical trials
duloxetine (60 mg or 120 mg) effectively treated diabetic neu-
ropathic pain [27]. In addition, studies have revealed the utility
of duloxetine for cancer-related neuropathic pain; a random-
ized, double-blind clinical study using duloxetine on taxane-
induced sensory neuropathy in breast cancer patients demon-
strated effective pain relief [28]. For chemotherapy-related
pain, duloxetine was shown to be effective in decreasing mo-
tor neuropathy and neuropathic pain reported by patients [29].
In addition, an ongoing Japanese study is currently testing the
efficacy of duloxetine in cancer-related neuropathic pain, re-
fractory to gabapentinoids and opioids [30].

Chronic low back pain (CLBP) is a very common condi-
tion that can drastically impact a patient’s quality of life phys-
ically, emotionally, and financially. Treatment options usually
consist of NSAIDS and spinal interventions/therapies. If the
pain is refractory, treatment options are limited. Duloxetine
has been studied extensively for the treatment of CLBP and
has been shown to be efficacious in reducing pain in multiple
studies. One study demonstrated that duloxetine (60 mg) is
effective at treating CLBP regardless of sex, age, duration,
or pain severity [31]. The study also demonstrated that multi-
ple sites of pain responded better to duloxetine than one iso-
lated spot of CLBP [31].

Another study has shown that significant reduction in pain
within the first 4 weeks of duloxetine treatment or experienc-
ing adverse effects from the duloxetine medication (nausea,
somnolence, constipation) may be an important indicator in
finding patients that will respond the greatest to duloxetine

@ Springer



66 Page 4 of 10

Curr Pain Headache Rep (2019) 23: 66

[32]. Depression can occur commonly with CLBP. A Japanese
study recently has distinguished that duloxetine significantly
improved pain in patients with CLBP. Their path analysis
suggested that 91.1% of the analgesic effect occurred through
direct analgesic affect, while 8.9% occurred by the antidepres-
sant qualities of duloxetine [33].

Fibromyalgia is a condition that causes widespread muscu-
loskeletal pain associated with poor sleep, cognitive distur-
bance, paresthesia, and fatigue. Current treatment often re-
volves around physical exercise and drug therapy with
SSNRIs. Multiple studies have shown the ability of duloxetine
to help with fibromyalgia pain; however, substantial efficacy
is not consistently seen. One study has shown that although
duloxetine’s role in treating somatic physical pain is unclear,
the greatest effects may come from the treatment of the mental
symptoms in fibromyalgia [34]. A Japanese phase 3 clinical
trial has shown results suggesting that duloxetine is associated
with improvement in pain and quality of life in Japanese pa-
tients [35]. A recent review study has shown that only a mi-
nority of patients will experience substantial benefit from
treatment with duloxetine. The review stated that the majority
of patients will experience minor but not substantial relief
from fibromyalgia symptoms and often times the adverse ef-
fect of duloxetine outweighed the benefits [36]. A randomized
control trial has shown that combining pregabalin and
duloxetine improved multiple clinical outcomes versus just
monotherapy with duloxetine; however, more research needs
to be done to further characterize the effect [37].

Effective management of postoperative pain is vital in sur-
gical patients and often can be very difficult. Postoperative
pain has long been managed with opioids; however, their
use carries substantial risk. A recent randomized double-
blind study has explored the use of duloxetine in the manage-
ment of postoperative pain after a lumbar laminectomy. The
study showed that perioperative use of duloxetine and
etoricoxib reduced postoperative pain and reduced the admin-
istration of opioids [38]. This study demonstrated that
duloxetine/etoricoxib may be a useful adjuvant in the postop-
erative patient needing a multimodal analgesic approach.
Another triple-blinded randomized control trial used
duloxetine (60 mg/day for 14 days) after knee arthroplasty,
and the results failed to reduce pain by postoperative day 14
[39]. Thus, additional studies need to be conducted in order to
find and narrow the patient base to utilize duloxetine in the
postoperative basis.

Chronic pain can be a difficult task to manage for a clini-
cian. The initiative to look for alternative and a multimodal
approach to managing pain has led to advancements and better
understanding of pain. Duloxetine has demonstrated efficacy
in a variety of chronic pain settings. Duloxetine has been
shown to be effective in chronic musculoskeletal pain such
as osteoarthritis and low back pain. It is also effective in
treating neuropathic pain and may be effective in treating
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fibromyalgia. Thus, duloxetine can be a useful adjuvant to
existing pain treatments and further studies need to be con-
ducted to definitively understand the utility and therapeutic
value of duloxetine. Table 1 summarizes recent studies which
evaluate the efficacy of duloxetine for the management of
various chronic pain conditions.

Milnacipran

Milnacipran is a selective serotonin and norepinephrine reup-
take inhibitor (SNRI) that is FDA approved for the treatment
of fibromyalgia [40]. Milnacipran is not currently FDA ap-
proved for the treatment of major depression. However, this
is a frequent off-label application both within the USA and
internationally [41]. Formulations include oral tablets avail-
able in 12.5-mg, 25-mg, 50-mg, or 100-mg dosages [41]. Use
of milnacipran is contraindicated with concomitant or recent
monoamine oxidase inhibitor (MAOI) use, uncontrolled
narrow-angle glaucoma, and in children or adolescents [41].
It should be used cautiously among patients experiencing de-
pression or suicidal ideation, a history of serotonin syndrome
or neuroleptic malignant syndrome-like reactions, or with un-
controlled hypertension, seizures, or hepatoxicity.
Conservative tapering is necessary to avoid withdrawal related
adverse effects. The most commonly reported adverse effects
include nausea and vomiting, headache, dizziness, insomnia,
and palpitations [41].

A 2012 Cochrane update reviewed milnacipran indepen-
dently for its use in both fibromyalgia and neuropathic pain
[42, 43]. This update concluded that milnacipran contributed
to moderate pain relief among patients experiencing fibromy-
algia but was associated with increased incidence of adverse
events and events related to withdrawal relative to alternate
medications [43]. To evaluate the use of milnacipran in chron-
ic neuropathic pain, the Cochrane update identified as a single
study comprised of 40 participants. Reviewers concluded that
milnacipran was nonsuperior to placebo and that evidence did
not support the use of milnacipran among chronic neuropathic
pain patients [42].

Since the Cochrane update, several recent studies continue
to evaluate milnacipran as a fibromyalgia treatment modality.
In a randomized, controlled, double-blind study, Pickering
et al. evaluate the impact of conditioned pain modulation
[44]. This study enrolled 54 women randomized to receive
100 mg of milnacipran or placebo for 1 month. The study
reported no significant difference between milnacipran and
placebo in conditioned pain modulation, global pain thresh-
olds, or allodynia [44]. In a second randomized, controlled,
double-blinded study, Petzke et al. assessed the effect of
milnacipran on pressure-evoked pain sensitivity and cerebral
processing of pain among patients with fibromyalgia [45].
Ninety-two patients were enrolled in this study and fMRI
analysis demonstrated milnacipran-associated increases in
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Table 1 Duloxetine

Author (year) Groups studied Intervention Efficacy
Uchio Y, Enomoto H, Ishida  Knee osteoarthritis Duloxetine (60 mg/day for Moderate
M, et al. (2018) [24] 48 weeks)
Sofat N, Harrison A, Russell ~ Hand osteoarthritis Duloxetine (30 mg/day for Mild
MD, et al. (2017) [25] 13 weeks)
Lunn MP, Hughes RA, Diabetic neuropathic Duloxetine (60 mg or 120 mg for Moderate
Wiffen PJ (2009) [27] pain 12 weeks)
Avan R, Janbabaei G, Taxane induced Duloxetine (30 mg/day in the 1st Moderate
Hendouei N, et al. (2018) sensory neuropathy week; 30 mg twice daily until
[28] 6 weeks)
Farshchian N, Alavi A, Chemotherapy-related Duloxetine (60—-120 mg/day) Moderate
Heydarheydari S, motor neuropathy
Moradian N (2018) [29]
Alev L, Fujikoshi S, Chronic low back pain  Duloxetine (60 mg/day for Moderate
Yoshikawa A, et al. 12—-14 weeks)
(2017) [31]
Enomoto H, Fujikoshi S, Chronic low back pain  Duloxetine (60 mg/day for Significant
Funai J, et al. (2017) [33] 13 weeks) improve-
ment
Welsch P, Ugeyler N, Klose Fibromyalgia Duloxetine (60120 mg/day) Minor/no
P, et al. (2018) [36] improve-
ment
Lunn MP, Hughes RA, Fibromyalgia Duloxetine (60120 mg/day) Minor/no
Wiffen PJ (2014) [34] improve-
ment
Attia JZ, Mansour HS (2017)  Postoperative pain Duloxetine (60 mg)/etoricoxib Moderate
[38] (laminectomy) (120 mg)—T1 h before surgery, improve-
24 h after surgery ment
YaDeau JT, Brummett CM, Postoperative pain Duloxetine (60 mg/day for 14 days No
Mayman DJ, et al. (2016) (knee arthroplasty) improve-
[39] ment

cerebral activity within the caudatus nucleus, anterior insula,
and amygdala, which are areas associated with pain inhibition.
Researchers found that patients receiving milnacipran trended
towards decreased pain sensitivity, but these results did not
reach significance after adjustment for multiple comparisons
[45]. Table 2 summarizes recent studies which evaluate the
efficacy of milnacipran for the management of various chronic
pain conditions.

Venlafaxine

Venlafaxine is a structurally novel antidepressant that is be-
lieved to improve depressive symptoms by potentiating neu-
rotransmitter activity within the central nervous system and by
inhibiting the synaptic reuptake of serotonin, norepinephrine,
and dopamine [46]. Venlafaxine is extensively metabolized by
the liver, and its active metabolite, O-desmethylvenlafaxine
(ODV), also acts as a serotonin, norepinephrine, and dopa-
mine reuptake inhibitor [46]. Formulations of venlafaxine in-
clude compressed oral tablets in 25-mg, 37.5-mg, 50-mg, 75-
mg, or 100-mg dosages [46]. Venlafaxine is contraindicated in
patients with hypersensitivity to venlafaxine hydrochloride or
in patients who are concomitantly taking monoamine oxidase

inhibitors (MAOISs) [46]. Caution should be used in pediatric
patients and in patients with narrow-angle glaucoma, liver
disease, or renal impairment. Patients with major depressive
disorder should also be monitored for worsening depression,

Table2 Milnacipran

Results and
conclusions

Author Groups Intervention

(year) studied

Pickering Adult A randomized Milnacipran was

G, women double-blind nonsuperior to
et al. with controlled study. placebo in
(2018) fibromy- Patients received development of
[1] algia either 100-mg conditioned pain

modulation;
however, the
authors suggest
further exploration

milnacipran or
placebo for

1 month.
Conditioned pain

modulation was of subpopulations
then assessed or longer treatment
durations.

Petzke F,  Adult fMRI evaluation of ~ Milnacipran-activated

et al. patients milnacipran’s cerebral regions
(2013) with effect on central associated with pain
[2] fibromy- pain processing suppression

algia
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suicidal ideation, and changes in behavior. Commonly report-
ed adverse effects included sustained hypertension, mydriasis,
anxiety, nervousness, insomnia, and weight loss [46].

Emerging research assesses the utility of venlafaxine in
the management of chronic neuropathic pain. In a 2017
systematic review, Aiyer et al. evaluated 13 studies
assessing the treatment of neuropathic pain with
venlafaxine [47]. The authors concluded that venlafaxine
was generally well tolerated and, when compared witho
placebo, venlafaxine demonstrated notable reductions in
neuropathic pain. However, venlafaxine was nonsuperior
to alternate, currently available medications for the treat-
ment of neuropathic pain [47]. In a second review of
existing literature, Trouvin et al. assessed the quality of
11 randomized clinical trials related to treatment of neuro-
pathic pain with venlafaxine [48]. The authors found that
eight trials compared venlafaxine with placebo and only
one study incorporated a large number or participants (>
200) with control groups receiving pregabalin or carba-
mazepine. Furthermore, though most studies reported that
venlafaxine was well tolerated with few reports of adverse
effects, these studies had many internal limitations and
were short in duration [48]. Venlafaxine may have utility
in specific subpopulations. Farshchain et al. reported that
venlafaxine reduced chemotherapy-induced peripheral
neuropathy but had less effect on motor, cranial, sensory,
or neuropathic pain than duloxetine [49].

Existing clinical evidence suggests that venlafaxine is
well tolerated and effective in the treatment of neuropathic
pain. However, while venlafaxine has a role in the treat-
ment of neuropathic pain, the superior performance of
readily available alternate medications such as pregabalin,
carbamazepine, and duloxetine, venlafaxine suggests that
the optimal clinical role for venlafaxine has yet to be de-
fined. Furthermore, most existing randomized controlled
trials involve small sample sizes, short durations, and are
subject to internal biases. A large-scale randomized con-
trolled trial may benefit patients taking venlafaxine and
continued shared reporting of adverse events may increase
awareness of rare and delayed complications.

Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) are a class of medications
that have primary been used for the treatment of refractory
depression, dysthymia, and anxiety disorders. It also has
been used in personality disorders, obsessive compulsive
disorder, nocturnal enuresis, and more recently chronic
pain. The mechanism of action of these drugs is through
serotonin and norepinephrine transporter blockade, in-
creasing the neurotransmitter concentration in the synaptic
cleft [50]. Moreover, TCAs act on many other receptors,
antagonizing the SHT2, alpha, NMDA, histamine, and
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muscarinic receptors. In addition, TCAs are also potent
inhibitors of sodium and calcium channels [50]. This broad
mechanism of action has largely restricted the use of TCAs
due to the side effect profile of the drugs. Many of the side
effects are due to the antimuscarinic actions of the drugs,
such as dry mouth, tachycardia, and urinary retention [51].
The alpha-blocking nature of the drugs may result in pos-
tural hypotension. TCA is commonly avoided given the
serious and life-threating nature of overdose, which can
cause cardiac toxicity, CNS toxicity, and anticholinergic
poisoning [52]. TCA use in the elderly is often restricted
given the high incidence of anticholinergic side effects
such as confusion and hallucinations [52].

TCAs have been utilized in chronic pain conditions,
most notably in neuropathic pain. The direct mechanism
of action is unknown; however, studies have shown that
TCA suppresses the noradrenergic descending inhibitory
system producing an antihyperalgesic effect [53].
Amitriptyline has been used to treat neuropathic pain for
years; however, unbiased evidence has yet to be seen. A
recent review, including 17 studies, failed to demonstrate
consistent benefit for amitriptyline for neuropathic pain
[54]. Given the amount of success amitriptyline has had
in practice, it still remains first line [54]. Another review
study investigated the use of nortriptyline on neuropathic
pain, and found little evidence to support the use of nor-
triptyline as first-line treatment [55]. In addition, a recent
study compared the effectiveness of amitriptyline and nor-
triptyline for peripheral neuropathy. The study showed that
both amitriptyline and nortriptyline are equivalent, provid-
ing a 23-26% reduction of pain based on a visual analog
scale [56]. Thus, although the robust clinical evidence re-
mains to be seen, TCAs have been used in practice suc-
cessfully to treat neuropathic pain. Clinicians should quan-
tify the potential benefit to be gained against the substan-
tial side effect profile and risk of overdose when trying to
treat neuropathic pain with TCA.

SSRIs

Selective serotonin reuptake inhibitors (SSRIs) are a class of
medication frequently used to treat major depressive disorder
and anxiety. The exact mechanism of action for SSRIs has yet
to be conclusively described; however, several prevailing the-
ories exist. SSRIs work by inhibiting the reuptake of serotonin
from the synaptic cleft by the presynaptic neuron. The accu-
mulation of serotonin within the synaptic cleft ultimately re-
sults in downregulation of SHT1A receptors, which are inhib-
itory auto-receptors that decrease activation of serotonergic
receptors when they are stimulated [57]. As a result of the
downregulation of SHT1A receptors, there is a net increase
in firing of serotonergic neurons, which may improve depres-
sive symptoms [57]. Alternatively, SSRIs may provide
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clinical benefit through varying degrees of inhibiting presyn-
aptic reuptake of norepinephrine and dopamine, increased cy-
clic adenosine monophosphate levels (cAMP), or by increas-
ing levels of brain derived neurotrophic factor (BDNF) in the
hippocampus [58, 59]. BDNF has been linked to phosphory-
lation and stabilization of hippocampal NMDA receptors in
rat models as well as inhibition of GABAergic signaling in
mice [58, 59]. BDNF is hypothesized to alleviate depressive
symptoms and promote emotional plasticity or resilience [60].
Despite an elusive mechanism of action, SSRIs have
become essential pharmaceutical agents and are commonly
used in the treatment of many medical conditions including
anxiety, depression, obsessive compulsive disorder, post-
traumatic stress disorder, and chronic pain conditions.
Many drugs exist within this class including citalopram,
escitalopram, fluoxetine, fluvoxamine, paroxetine, sertra-
line, and vilazodone. Dosing and adverse effects vary by
medication. However, SSRIs are generally well tolerated
with a promising safety profile. Common adverse effects
include sexual dysfunction, cognitive dysfunction, alter-
ations in energy levels, and QT prolongation among certain
agents, most notably citalopram [61]. Furthermore, the US
Food and Drug Association issued a 2011 warning that the
use of SSRIs during pregnancy may be associated with
persistent pulmonary hypertension of the newborn [62].
SSRIs have a poorly defined role in chronic pain manage-
ment. Changes in the 5-hydroxytryptophan (SHT) have been
reported in chronic pain, suggesting a role for SSRIs in the
attenuation of related pain [63]. However, existing clinical
trials evaluating the use of SSRIs in the treatment of chronic
pain report inconclusive and inconsistent results. Patetos et al.
conducted a review of 36 clinical trials investigating the role

Table 3 SSRIs

of SSRIs in chronic pain [63]. These studies included a heter-
ogenous blend of cimetidine, escitalopram, fluvoxamine, ser-
traline, citalopram, paroxetine, and fluoxetine. The authors
conclude that SSRIs may be effective in the management of
chronic pain but report inconsistent findings and identify
many internal biases and flaws in methodology that are often
necessary in preliminary research. Further, large-scale ran-
domized controlled studies will benefit this patient population
and may help clarify the role and mechanism of action of
SSRIs in chronic pain.

To evaluate the role of the SSRI fluoxetine as a potential
morphine adjuvant in the management of nociceptive pain,
Hamdy et al. conducted a controlled animal study involv-
ing 84 mice [64]. The group administered a combination of
morphine 5 mg/kg, fluoxetine 1 mg/kg, or an equivalent
volume of normal saline for nine consecutive days in mice
weighing 20-30 g. Naloxone was administered to all mice
on day 10 to investigate levels of morphine dependence.
The group investigates the proposed inherent
antinociceptive effect of fluoxetine, as well as the agent’s
capacity to enhance morphine analgesia, reduce morphine
tolerance, and prevent morphine dependence and its asso-
ciated abstinence syndrome. The authors concluded that
fluoxetine did not demonstrate antinociceptive properties
either as a solitary agent or in combination with morphine.
However, results indicate that fluoxetine use was associat-
ed with reduced morphine tolerance and dependence as
well as decreased morphine-induced inflammation and im-
proved stabilization of glutamate and norepinephrine neu-
rotransmitter levels [64]. This suggests a potential role for
SSRIs as opioid adjuncts, particularly in the management
of inflammatory pain. Table 3 summarizes recent studies

Author (year) Groups studied

Intervention

Results and conclusions

Slack et al. (2004) [58] Rat study evaluating
brain-derived neurotrophic
factor and NMDA receptor
subunit phosphorylation in
the spinal cord following
SSRI use

Mouse study examining
effect of SSRI use on
GABAergic synaptic
transmission

Henneberger et al. (2002) [59]

Hamdy et al. (2018) [64] Fluoxetine use in
nociceptive pain.

Animal study.

Animal study: researchers use
in vivo adult human hemisected
spinal cords to release BDNF
and exogenously apply BDNF to
rat spinal cords to describe the
effect of BDNF on NMDA receptors
Patch-clamp recordings were
performed on BDNF deficient
or wild type mice on postnatal
days 15 and 16 to evaluate
GABAergic signaling.
Eighty-four mice received
morphine 5Smg/kg, fluoxetine
Img/kg, or an equivalent
volume of normal saline for
9 days. Naloxone was
administered on day 10 to
investigate levels of
morphine dependence.

SSRI use increased phosphorylation
and therefore stabilization of
NMDA receptors

BDNF deficiency resulted in
substantial reduction of
spontaneous action potential
frequency. SSRI use may inhibit
GABAergic signaling

Fluoxetine did not improve
nociceptive pain alone
or in combination with
morphine. However, fluoxetine
reduced morphine tolerance
and dependence, decreased
morphine-induced inflammation,
and stabilized glutamate and
norepinephrine levels

@ Springer



66 Page 8 of 10

Curr Pain Headache Rep (2019) 23: 66

which evaluate the efficacy of SSRIs for the management
of various chronic pain conditions.

Conclusion

The use of antidepressants offers alternative and adjunctive
therapy options for patients suffering from chronic pain from
various etiologies. TCAs, MAO inhibitors, SSRIs, SNRIs,
and atypical antidepressants have been shown to have analge-
sic and sometimes antiinflammatory capabilities that are inde-
pendent to their mood-stabilizing abilities. It is believed that
antidepressants are able to increase the activity of the descend-
ing pathways and their antinociceptive effects on pain homeo-
stasis. They are thought to accomplish this by inhibiting
monoamine reuptake in the CNS and increasing the amount
of monoamines that are available in the synaptic cleft. While
the different antidepressants share a similar mechanism in re-
lieving pain, it has been shown that there are differences in
analgesic effectiveness between different classes of antide-
pressants. Additionally, antidepressants need much lower dos-
ages for their antinociceptive effects and have different side
effects and safety profiles when used at these dosages. Further
studies are still needed to establish better safety profiles and
efficacy of antidepressant use in chronic pain patients.
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