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ABSTRACT
Objective: The current study investigates 
whether milnacipran is effective in reducing 
pain and improving function in patients 
with persistent pain ≥ 1 year after total knee 
arthroplasty.

Method: This was a 12-week open-label study 
of flexibly dosed milnacipran in patients (N = 5) 
experiencing chronic persistent knee pain ≥ 1 
year following total knee arthroplasty in the 
absence of new injury, infection, or implant 
failure. Subjects were identified from October 
2010 to August 2011 through the Duke 
University Medical Center orthopedic clinic 
(Durham, North Carolina), typically during 
1-year postoperative follow-up visits, and were 
referred by their orthopedic surgeon.

Results: Milnacipran treatment was associated 
with reduction in pain according to the primary 
outcome measure of the visual analog scale 
(VAS) score for pain (effect size of 1.15) and 
secondary outcome measures of Knee Society 
Score (KSS) evaluation subscale score (effect 
size of 1.37) and Medical Outcomes Study 36-
item Short-Form Health Survey (SF-36) bodily 
pain subscale (effect size of 1.16) at week 12. 
Secondary outcome measures of functional 
change were mixed in such that, at week 
12, the SF-36 physical functioning subscale 
showed improvement (effect size of 1.16), but 
the KSS function subscale score was just below 
the threshold for meaningful effect size (0.98).

Conclusions: Open-label milnacipran 
demonstrated reduced pain and some 
evidence of functional improvement in this 
small sample of patients with chronic persistent 
pain 1 year or more after total knee arthroplasty 
such that well-powered studies are warranted.
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Total knee arthroplasty is an effective and widely used surgical treatment 
for osteoarthritis. Approximately 300,000 total knee arthroplasties are 

performed annually in the United States,1 and this number is expected to rise 
as the population ages, with projections of up to 1.5 million annual operations 
by 2020.2 Despite total knee arthroplasty being regarded as effective, a 
significant number of postoperative patients continue to experience pain and 
functional impairment. A large Canadian survey study3 revealed that only 
70% of patients felt their expectations had been met 1 year after undergoing 
total knee arthroplasty, and post–total knee arthroplasty respondents 
reported continued pain, stiffness, and physical dysfunction. Brander et al4 
demonstrated that approximately 1 in 8 patients is dissatisfied with the results 
of total knee arthroplasty due to chronic persistent pain as much as 1 year 
postoperatively in the face of radiographic evidence of successful surgery 
without postsurgical complications; these patients utilized more health care 
resources including physician visits, physical therapy, and manipulations. 
Brander et al4 reported that persistent pain and joint dysfunction 1 year 
after total knee arthroplasty measured by the visual analog scale (VAS) and 
Knee Society Score (KSS) were associated with higher scores on measures 
of depression and anxiety including the Beck Depression Inventory (BDI) 
and State-Trait Anxiety Inventory (STAI). Similarly, Anderson et al5 reported 
an approximately 90% satisfaction rate (reported 12–67 months following 
total knee arthroplasty) in patients > 75 years of age, and dissatisfaction 
correlated with poorer mental health scores, as well as decreased physical 
function and increased bodily pain scores. Although it appears that persistent 
pain after total knee arthroplasty is potentially linked to mood and anxiety 
levels, its pathophysiology remains mysterious, and treatment interventions 
for persistent pain after total knee arthroplasty have not been systematically 
studied.

Milnacipran is a serotonin-norepinephrine reuptake inhibitor (SNRI) 
uniquely shown to inhibit the reuptake of serotonin and norepinephrine 
(in vitro and in vivo) with approximately equal potency.6,7 Milnacipran has 
demonstrated efficacy in pain syndromes such as fibromyalgia8,9 and orofacial 
pain10 and has shown benefit in case reports for phantom limb pain, trigeminal 
neuralgia, and chronic pain of various causes.11 Other SNRIs have yielded 
positive results in studies of multiple pain syndromes, including, but not 
limited to, fibromyalgia,12 “functional” chest pain and dyspepsia,13,14 diabetic 
neuropathy,15–17 headache,18 and, perhaps most relevant to the current study, 
osteoarthritis of the knee.19,20 SNRIs, including milnacipran, are believed 
to inhibit pain by activating descending serotonergic and noradrenergic 
pathways from brainstem nuclei, and this process may be most effective when 
ascending pathways are sensitized.21 With regard to persistent pain after total 
knee arthroplasty, the relative contributions of peripheral nociception, as well 
as peripheral and central sensitization, are unclear.

Milnacipran (similar to other SNRIs) has demonstrated efficacy in 
depressive disorders and in anxiety.22 The efficacy of milnacipran in the 
treatment of major depressive disorder (MDD) has been established in 
a number of double-blind, placebo-controlled clinical trials,23,24 as well 
as in a series of randomized, double-blind, comparator studies using 
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Although total knee arthroplasty is a common procedure ■■
for painful osteoarthritis of the knee, approximately 1 in 8 
patients continues to have pain without any complications 
from surgery.

The mechanisms of persistent pain (including relative ■■
contribution of nociceptive, neuropathic, and central 
components) after total knee arthroplasty are unknown.

The serotonin-norepinephrine reuptake inhibitor milnacipran ■■
may be an effective treatment for patients with persistent 
pain after total knee arthroplasty, as suggested by this small 
open-label pilot study.

tricyclic antidepressants (amitriptyline,25 imipramine,26–28 
clomipramine29,30) or selective serotonin reuptake inhibitors 
(SSRIs) (fluoxetine,31–33 fluvoxamine,34,35 paroxetine,36 
sertraline37). Although randomized controlled trials of 
milnacipran in anxiety disorders have not been published to 
date, milnacipran has shown efficacy in an open-label study 
of panic disorder,38 and milnacipran has been demonstrated 
to reduce anxiety-specific items in depression rating scales in 
studies of MDD.23,24 Research with antidepressants, including 
milnacipran, on pain syndromes has typically shown 
that the analgesic effects of these drugs are independent 
of any changes in mood or anxiety symptoms.39–41 As 
such, the current study posits that milnacipran may have 
analgesic effects in patients with persistent pain after total 
knee arthroplasty, presumably due to the enhancement of 
descending inhibitory pain pathways.

METHOD
Study Design

The study was designed as a 12-week open-label study of 
flexibly dosed milnacipran on pain and functional outcomes 
in patients who experience chronic persistent knee pain 1 
year or longer following total knee arthroplasty. The protocol 
was conducted at Duke University Medical Center, Durham, 
North Carolina, and approved by the local Internal Review 
Board (Clinicaltrials.gov Identifier: NCT01780389). All 
subjects provided written informed consent after the study 
was explained to them.

Subjects
Subjects were identified from October 2010 to August 

2011 through the Duke University Medical Center orthopedic 
clinic, typically during 1-year postoperative follow-up visits, 
and were referred by their orthopedic surgeon. Key inclusion 
criteria included (1) chronic persistent pain ≥ 1 year after total 
knee arthroplasty without history of new injury, infection, or 
implant failure and (2) VAS score ≥ 40 mm (out of 100 mm) at 
screen and baseline visits. Key exclusion criteria included (1) 
history of bipolar disorder or psychosis as confirmed by the 
Mini-International Neuropsychiatric Interview (MINI),42 (2) 
current or recent (within the last 6 months) drug dependence 
or substance abuse disorder according to DSM-IV-TR criteria 
(excluding nicotine),43 and (3) treatment with antidepressant 

medication within 4 weeks of screening visit (6 weeks for 
fluoxetine).

Interventions
After a brief screening period to determine subject 

eligibility, appropriate subjects received oral milnacipran 
according to a fixed schedule for 2 weeks followed by 
flexible dosing (50–100 mg twice daily) based on efficacy 
and tolerability (day 1: 12.5 mg in the morning; days 2–3: 
12.5 mg twice daily; days 4–7: 25 mg twice daily; days 8–14: 
50 mg twice daily, if tolerated; day 15–84: 25 mg, 50 mg, 75 
mg, or 100 mg twice daily). At the termination of the study, 
the protocol specified a taper of milnacipran unless subjects 
elected to continue on milnacipran following the study.

Outcome Measures
The primary outcome measure for the study was change 

in mean VAS pain score (0–100 mm) between baseline 
and week 12. Secondary outcome measures included 
both subscales of the KSS44 (evaluation score measuring 
subjective pain and function score measuring range of 
motion), self-report Global Rating of Change (GROC),45 
Medical Outcomes Study 36-item Short-Form Health 
Survey (SF-36) as a quality of life measure,46 and the 20-
item Multidimensional Fatigue Inventory (MFI-20).47 To 
evaluate whether any observed changes in pain/function 
outcome measures were confounded by changes in anxiety 
or depression, the self-report BDI,48 rater-administered 
Montgomery-Asberg Depression Rating Scale (MADRS),49 
and self-report STAI50 were included as additional secondary 
measures.

Statistical Analysis
Analysis was performed at multiple time points: baseline 

and 1, 2, 4, 6, 8, 10, and 12 weeks. As this was a pilot study 
with a small sample size, a standardized effect size statistic 
was used to interpret the results. A baseline comparison 
was performed at week 4 and week 12 to assess short-term 
and long-term effects. A conservative cutoff score of 1.0 
was used to indicate a meaningful clinical effect. Missing 
data were carried forward from the last available visit. For 
the KSS, ≥ 90 points was considered excellent, 80–89 was 
considered good, 70–79 was considered fair, and < 70 was 
considered poor.51,52

RESULTS
Individual subject demographic information and 

baseline scores on all outcome measures are shown in Table 
1. Subjects uniformly scored low on depression rating scales, 
and no subjects met diagnostic criteria for MDD on the 
MINI. One subject scored moderately high on the STAI, but 
similar to other subjects, did not exhibit diagnostic criteria 
for an anxiety disorder on the MINI.

Individual subject data throughout the study for the 
VAS (Figure 1), KSS evaluation (Figure 2), KSS function 
(Figure 3), and GROC (Figure 4) are presented. One subject 
experienced an increase in VAS score during the trial for 
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Table 1. Baseline Scores and Demographics for 5 Patients With Persistent Knee 
Pain Following Total Knee Arthroplasty Who Received Milnacipran
Measure Patient 1a Patient 2b Patient 3c Patient 4d Patient 5e

Pain VAS score 67 71 64 56 70
KSS evaluation subscale score 37 66 68 59 53
KSS function subscale score 30 90 55 70 60
SF-36 score

Physical functioning 5 55 5 35 75
Role physical 0 25 0 0 100
Pain 10 10 10 45 45
General health 90 50 90 35 56
Energy/fatigue 65 50 65 30 50
Social functioning 75 75 75 63 88
Role emotional 100 100 100 0 100
Emotional well-being 92 72 92 88 80
Standardized mental 20 29 37 45 44
Standardized physical 69 57 39 29 55

MFI-20 score 36 47 55 60 38
BDI score 6 5 9 7 8
MADRS score 3 1 6 2 2
STAI score 40 79 93 47 72
aPatient 1: 61-year-old white woman; total knee arthroplasty: 2008. 
bPatient 2: 55-year-old white man; total knee arthroplasty: 2010. 
cPatient 3: 59-year-old white woman; total knee arthroplasty: 2007. 
dPatient 4: 75-year-old white woman; right total knee arthroplasty: 2001 (left total knee 

arthroplasty: 2008 without persistent pain). 
ePatient 5: 64-year-old white man; total knee arthroplasty: September 2009.
Abbreviations: BDI = Beck Depression Inventory, KSS = Knee Society Score, SF-36 = Medical 

Outcomes Study 36-item Short-Form Health Survey, MADRS = Montgomery-Asberg 
Depression Rating Scale, MFI-20 = 20-item Multidimensional Fatigue Inventory, STAI = State-
Trait Anxiety Inventory, VAS = visual analog scale.

Figure 1. Individual Subject Data From Baseline Through 
Week 12 for the Pain Visual Analog Scale
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Figure 3. Individual Subject Data From Baseline Through 
Week 12 for the Knee Society Score: Function

 

Figure 2. Individual Subject Data From Baseline Through 
Week 12 for the Knee Society Score: Evaluation
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Figure 4. Individual Subject Data From Baseline Through 
Week 12 for the Global Rating of Change
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unclear reasons, while 4 subjects experienced a decrease. 
Effect sizes for all outcome measures at week 4 and week 12 
are shown in Table 2.

Pain measures consistently demonstrated a meaningful 
clinical effect at endpoint week 12, including the primary 
outcome measure of VAS pain score (1.14 at week 4, 1.15 

at week 12) and the secondary outcome measure of KSS 
evaluation subscale score (0.76 at week 4, 1.37 at week 12). 
At baseline, all subjects were classified as having a poor result 
on the KSS evaluation subscale, whereas at week 12, 3 were 
classified as excellent, 1 was classified as fair, and 1 remained 
classified as poor. Additionally, a meaningful clinical effect 
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was observed on the SF-36 bodily pain subscale (0.95 at week 
4, 1.16 at week 12). As noted, the primary outcome measure 
of VAS pain score demonstrated meaningful clinical effect 
on pain at week 4, although the secondary measures did 
not.

Functional measures showed mixed results (Table 2) in 
that the SF-36 physical functioning subscale demonstrated a 
meaningful clinical effect at endpoint (0.47 at week 4, 1.16 at 
week 12), while the KSS function subscale narrowly missed 
our defined criterion for meaningful improvement (0.60 at 
week 4, 0.98 at week 12). The SF-36 subscales of bodily pain 
and physical functioning were the only subscales to show 
meaningful change.

Three of 5 subjects achieved a meaningful clinical change 
on the GROC (≥ 4 = moderately better, Figure 4). There were 
no significant changes per effect size in fatigue on the MFI-
20 (0.30 at week 4, 0.46 at week 12) or on any psychological 
measure.

Spontaneously reported adverse events that were 
considered to be potentially related to milnacipran included 
nausea (1 subject), headache, (1 subject), constipation (1 
subject), and painful ejaculation (1 subject who discontinued 
due to this adverse event). No serious adverse events 
occurred.

At the end of study, patient 3 (titrated to 75 mg twice 
daily) and patient 5 (titrated to 50 mg twice daily) opted 
to continue on milnacipran. Patient 4 (titrated to 100 
mg twice daily) achieved improvement in knee pain but 
declined to continue on milnacipran after the study due to 
the perception that it did not alleviate other osteoarthritic 
joint pain (wrist, lumbar). Patient 2 (titrated to 50 mg twice 
daily) terminated the study early due to an adverse event. 
Patient 1 (titrated to a dose of 75 mg twice daily) completed 
the study but did not elect to continue milnacipran due to 
lack of efficacy.

DISCUSSION

The current pilot study has the chief limitation of a small 
sample size, which is insufficient for statistical hypothesis 
testing. Nonetheless, the observed effect sizes are compelling 
in that, overall, a meaningful clinical improvement was 
demonstrated in all measures of pain and in some measures 
of function. Additionally, the majority of subjects reported 
meaningful improvement via the GROC. A strength of this 
study is the inclusion of subjects with long-standing knee 
pain occurring persistently for at least 1 year after total 
knee arthroplasty such that it is unlikely that observed 
improvement represents spontaneous remission or tissue 
healing. However, since no placebo group was included in 
the study, placebo effects cannot be excluded. An additional 
strength of the study was the inclusion of mood and anxiety 
rating scales; consistent with previous research on SNRIs, in 
the current study, it does not appear that improvements in 
pain are due to changes in depressive or anxiety symptoms.

Although this study was limited in its analysis due to a 
small sample size, the notion of exploring the efficacy and 
tolerability of milnacipran in persistent pain after total 
knee arthroplasty is relevant for multiple reasons. First, 
milnacipran and other SNRIs have shown benefit in a 
variety of pain syndromes as described, and milnacipran 
may be particularly well suited as an analgesic in light of 
its equipotent serotonin and norepinephrine reuptake 
inhibition. In preclinical animal models, milnacipran has 
shown superior effects of ameliorating hyperalgesia and 
allodynia compared to some other antidepressant drugs.21 
Persistent pain results from changes in sensitivity within 
both ascending and descending pain pathways in the brain 
and the spinal cord, and both serotonin and norepinephrine 
are implicated in modulating descending inhibitory pain 
pathways in the central nervous system.

Furthermore, persistent pain after total knee arthroplasty 
is linked to depression and anxiety epidemiologically (as 
described) if not pathophysiologically. As such, it seems that 
it would be useful to identify treatments that are effective 
for mood and anxiety symptoms/disorders and persistent 
pain after total knee arthroplasty due to high frequency of 
comorbidity.

As has been proposed in fibromyalgia,53 it is possible 
that depression/anxiety and persistent pain after total knee 
arthroplasty share pathophysiologic mechanisms, including 
genetic predisposition and neuroendocrine abnormalities 
that predispose toward psychiatric disorder and disorders 
of central pain sensitization. As described, the relative 
contribution of central sensitization, peripheral sensitization, 
and other physiologic processes is mysterious with respect 
to persistent pain after total knee arthroplasty. Despite the 
link between depression and anxiety and post–total knee 
arthroplasty pain, it should be noted that the current study 
demonstrates improvement in post–total knee arthroplasty 
pain in the absence of psychiatric diagnosis (after 
comprehensive psychiatric interview and MINI assessment) 
or meaningful change in scores of depression and anxiety 

Table 2. Outcome Measure Effect Sizes
Measure 4-Week Effect Sizea 12-Week Effect Sizea

Pain VAS 1.14 1.15
KSS evaluation subscale 0.76 1.37
KSS function subscale 0.60 0.98
SF-36

Physical functioning 0.47 1.16
Role physical 0.64 0.86
Pain 0.95 1.16
General health 0.27 0.02
Energy/fatigue 0.47 0.47
Social functioning −0.15 −0.56
Role emotional 0.21 0.89
Emotional well-being 0.08 −0.41
Standardized mental 0.70 0.82
Standardized physical 0.20 −0.05

MFI-20 0.30 0.46
BDI 0.16 0.49
MADRS 0.23 0.78
STAI 0.21 0.69
aBolding indicates a meaningful clinical effect.
Abbreviations: BDI = Beck Depression Inventory, KSS = Knee Society 

Score, MADRS = Montgomery-Asberg Depression Rating Scale, MFI-
20 = 20-item Multidimensional Fatigue Inventory, SF-36 = Medical 
Outcomes Study 36-item Short-Form Health Survey, STAI = State-Trait 
Anxiety Inventory, VAS = visual analog scale.
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rating scales. This result is consistent with multiple studies 
showing that the analgesic effects of antidepressants 
(including SNRIs and tricyclic antidepressants) are not 
due simply to improvements in depressive or anxiety 
symptoms.54 Clinicians should be aware that SNRIs such 
as milnacipran have the potential to interact with other 
serotonergic agents to cause serotonin syndrome; as such, 
milnacipran should not be prescribed with monoamine 
oxidase inhibitors (infrequently used antidepressants) 
and should be prescribed with some caution with triptans 
(used for migraine abortive treatment). Risk of serotonin 
syndrome should be considered but is less significant with 
concomitant use of other agents that increase serotonin by 
the same mechanism as milnacipran (reuptake inhibition) 
such as trazodone, tramadol, and SSRIs. 

In summary, the current open-label study of milnacipran 
in 5 patients with persistent pain after total knee arthroplasty 
demonstrates clinically meaningful improvement in pain 
and some evidence of functional improvement as well. 
In light of the degree of improvement observed, the well-
established efficacy of milnacipran and other SNRIs in pain 
syndromes, and the frequent comorbidities of depressive and 
anxiety disorders, well-powered placebo-controlled studies 
of milnacipran in persistent pain after total knee arthroplasty 
are warranted.

Drug names: clomipramine (Anafranil and others), fluoxetine (Prozac 
and others), fluvoxamine (Luvox and others), imipramine (Tofranil and 
others), milnacipran (Savella), paroxetine (Paxil, Pexeva, and others), 
sertraline (Zoloft and others), tramadol (Ultram, Ryzolt, and others), 
trazodone (Oleptro and others).
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