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Abstract Restless legs syndrome (RLS) is a common disor-
der diagnosed by the clinical characteristics of restlessness in
the legs associated often with abnormal sensations that start at
rest and are improved by activity, occurring with a diurnal
pattern of worsened symptoms at night and improvement in
the morning. RLS is the cause of impaired quality of life in
those more severely afflicted. Treatment of RLS has under-
gone considerable change over the last few years. Several
classes of medications have demonstrated efficacy, including
the dopaminergic agents and the alpha-2-delta ligands.
Levodopa was the first dopaminergic agent found to be suc-
cessful. However, chronic use of levodopa is frequently asso-
ciated with augmentation that is defined as an earlier occur-
rence of symptoms frequently associated with worsening se-
verity and sometimes spread to other body areas. The direct
dopamine agonists, including ropinirole, pramipexole, and
rotigotine patch, are also effective, although side effects, in-
cluding daytime sleepiness, impulse control disorders, and
augmentation, may limit usefulness. The alpha-2-delta li-
gands, including gabapentin, gabapentin enacarbil, and
pregabalin, are effective for RLS without known occurrence
of augmentation or impulse control disorders, although seda-
tion and dizziness can occur. Other agents, including the
opioids and clonazepam do not have sufficient evidence to
recommend them as treatment for RLS, although in an indi-
vidual patient, they may provide benefit.
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Introduction

Restless legs syndrome (RLS) is a sensorimotor disorder
diagnosed through subjective report of an urge to move the
legs often associated with uncomfortable sensations that occur
at rest and are partially or completely alleviated by movement.
These symptoms follow a circadian pattern and occur pre-
dominantly in the late afternoon or evening (Table 1) [1] . RLS
can be a primary disorder or secondary to an underlying cause
(Table 2). There are several disorders in which the diagnostic
criteria may be met but the patient does not have RLS
(Table 3). Careful interview will usually result in
distinguishing these disorders from RLS [2].

RLS is a common disorder, affecting approximately 2–3 %
of the population with an increased frequency with advancing
age, and is more common in women than men [3–6]. RLS can
occur as a primary disorder, either familial or sporadic, or may
arise secondary to a medical or neurological condition, includ-
ing iron deficiency, uremia, or pregnancy. In more severe
cases, RLS may delay sleep onset, resulting in a reduced
number of hours of sleep and consequent daytime sleepiness,
and negatively affects quality of life [4, 7]. RLS is associated
with periodic limb movements of sleep (PLMS), which is
found in approximately 80 % of RLS. PLMS are diagnosed
by polysomnography and are characterized by movements of
one or both legs, typically as a flexion of one or more joints,
including the hip and knee and dorsiflexion at the ankle. The
movements are between 0.5 and 1.0 s in duration, and sepa-
rated by a interval of 5–90 s [8]. PLMS may be associated
with arousals, and can reduce the quality and quantity of
nighttime sleep causing daytime sleepiness. If severe, PLMS
can disrupt the sleep of the bed partner.
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RLS is associated with high personal and social cost, as
measured by productivity [3]. In addition, recent reports have
suggested that RLS may be associated with a variety of
comorbidities, including an increase risk of cardiovascular
disease. In both cross-sectional [9] and large prospective

studies [10, 11], the risk of cardiovascular disease was in-
creased compared to that of non-RLS sufferers [9, 10].
Despite the possible increase in vascular disease, there was
no increase in overall, all-cause mortality associated with RLS
from a combined analysis of four studies that included almost
60,000 people [12].

In approximately 60 % of RLS patients, there is positive
family history suggestive of an autosomal dominant pattern of
inheritance, especially with a younger age at onset of RLS
symptoms. However, the genetics of RLS are complex. There
are several risk alleles found for RLS [13]. Variants in MEIS1,
BTBD9, MAP2K5 / SKOR1, PTPRD, and TOX3 are associ-
ated with a significantly increased risk for RLS [13–17].
These alleles are in non-coding regions of the genes, and the
metabolic pathways through which they confer the increased
risk is only now being investigated.

The pathophysiology of RLS is unknown. In some patients
with RLS there is a loss of iron in the substantia nigra, as
measured using special magnetic resonance imaging parame-
ters [18]. In contrast, in Parkinson disease, another dopamine-
responsive disorder, there is an increase in iron in this area
associated with a progressive degeneration of dopaminergic
neurons. In RLS there is no degeneration of dopaminergic
neurons as shown byβ-CITsingle photon emission computed
tomography measures of presynaptic dopamine binding

Table 1 Diagnostic criteria for restless legs syndrome (RLS) [1]

1. Urge to move the legs, usually but not always accompanied
by uncomfortable and unpleasant sensations in the legs

2. Unpleasant sensations or urge to move begins or worsens
during periods of rest or inactivity, such as lying or sitting

3. Unpleasant sensation or urge to move are partly or totally relieved
by movement, such as walking, bending, and stretching, at least
for as long as the activity continues

4. Unpleasant sensation or urge to move are worse in the evening or
at night than during the day, or only occur in the evening or night

Supportive criteria

1. Positive response to dopaminergic treatment

2. Periodic limb movements (during wakefulness or sleep)

3. Positive family history of RLS suggestive of an autosomal
dominant mode of inheritance

Table 2 Conditions with increased occurrence of restless legs
syndrome [49]

Iron deficiency

Uremia

Pregancy

Medications (most frequently reported):

serotonergic/norepinephrine agents

dopamine receptor antagonists

antihistamines

Neurological conditions:

spinocerebellar ataxia 1, 2, and 3

narcolepsy

multiple sclerosis

peripheral neuropathy

migraine

amyotrophic lateral sclerosis

migraine

Parkinson disease

Medical conditions:

celiac disease

Crohn’s disease

rheumatoid arthritis

fibromyalgia

diabetes

Psychiatric conditions

anxiety

depression

Table 3 Restless legs syndrome: differential diagnosis [2]

Leg cramps Complaint of a painful sensation in the leg
with muscle hardness or tightness that
causes awakenings from sleep because of
painful leg sensations, often improved with
massage, movement, or application of heat

Peripheral neuropathy Pain in both feet and/or tingling that is
usually present during the day time, but
may be worse during the evening

Radiculopathy Shooting pains down one leg, often present
during the day and with activity

Arthritis Pain localized to a joint that usually is
associated with swelling of the joint;
often worse with the use of the joint
or weight-bearing

Positional discomfort Discomfort that occurs with a particular
position; a single movement can relieve
the discomfort

Frequent unconscious foot
or leg movements
(hypnic jerks, foot-
tapping, leg-shaking,
nervous movements)

Not preceded by abnormal sensations or an
urge to move the leg; often without
conscious awareness of the movement

Akathisia Generalized restlessness not localized to the
legs and occurring without a circadian
pattern; often associated with dopamine
receptor antagonist or as a feature of
Parkinson disease
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[19, 20]. The alterations in central iron metabolismmay not be
present in all patients, suggesting that RLS is a heterogeneous
disorder. Although RLS is very responsive to dopaminergic
therapy (see ‘Treatment of RLS’ section), the role of dopamine
has not been clarified. Changes in the dopaminergic neurons
in the A11 region near the hypothalamus have been postulat-
ed, but no pathologic changes are found in this area in RLS
[21, 22]. Alterations in cortical excitability and plasticity have
been variably associated with RLS through the application of
transcranial magnetic stimulation. Dopamine treatment has
been demonstrated to normalize these changes [23, 24].

Treatment of RLS

The treatment of RLS must be individualized to each patient.
A prior study demonstrated that application of specific treat-
ment guidelines or algorithms in all patients may not be
successful [25]. In patients with mild symptoms, no treatment
may be required, although all patients should be screened for
iron deficiency. In more severely afflicted patients with com-
promised sleep or impaired daytime functioning, treatment
should be tailored to the particular circumstances of the indi-
vidual patient.

Treatment of Secondary RLS

Following a diagnosis of RLS, the first step in designing a
treatment strategy is to evaluate for secondary causes (Table 2)
[26–28]. Iron deficiency is one of the most frequently associ-
ated causes. The most reliable indicator of body stores of iron
is the serum ferritin, transferrin, and transferrin saturation.
Prior studies have shown that lower ferritin levels correlate
with increased severity of RLS [29] and that replacement of
iron in iron-deficient RLS patients improves symptoms
[30–32], although not all studies demonstrate similar findings
[33]. The current recommendation is that all patients diag-
nosed with RLS be evaluated for iron deficiency. Those with
low or low-to-normal ferritin levels, as determined by the
specific values of the testing laboratory, should undergo iron
replacement therapy, which can be done orally or parenterally.
Oral iron replacement consists of 50–60 mg of elemental iron
as a ferrous salt (sulfate, gluconate, or fumerate) twice a day
supplemented with vitamin C to enhance absorption
[27, 31, 34]. Serum ferritin levels should be monitored at
3-month intervals to avoid iron overload. The side effects of
oral iron replacement may limit compliance, and mostly relate
to the gastrointestinal system, including nausea, abdominal
pain, and constipation. Parenteral iron replacement has also
shown mixed outcomes in RLS. An open-label study in 25
RLS patients showed that high molecular weight iron dextran
may be effective in a subset of patients (approximately 50 %),

but at the risk of anaphylaxis [35]. Low molecular weight iron
dextran was shown in a recent open-label study to improve
RLS symptoms, and does not have the risk of anaphylaxis
[30]. Other forms of parenteral iron, including ferric
carboxymaltose appear to be safe and effective [36]. A con-
trolled study of iron sucrose did not show benefit [37].
Parenteral iron replacement avoids the adverse effects of oral
replacement, and may be effective for months following treat-
ment. An important aspect of treating a patient with RLS and
iron deficiency is to evaluate for the cause of the iron defi-
ciency. This investigation may reveal underlying causes for
chronic blood loss such as gastrointestinal cancers [38, 39].

In patients with end-stage renal disease undergoing dialy-
sis, RLS is more frequent than in the general population, with
a prevalence of approximately 20–60 %. The prevalence is
almost 40 % in those with associated polyneuropathy [40].
Definitive treatment of end-stage renal failure associated RLS
is kidney transplant [41, 42]. Pharmacologic interventions are
based largely on treatments available for RLS in the non-renal
failure patients [43], with the exception of those medications
that are primarily cleared through renal mechanisms, and often
provide suboptimal benefit.

A variety of medications are reported to exacerbate or
trigger RLS symptoms. The most-cited class of drugs is the
tricyclic antidepressants, the selective serotonergic reuptake
inhibitors, and the serotonin–norepinepherine reuptake inhib-
itors, including fluoxetine, paroxetine, duloxetine, citalopram,
escitalopram, sertraline, venlafaxine, and mirtazapine. This is
based largely on clinical experience rather than prospective
studies. Only one study followed 271 patients as they began a
variety of these antidepressants. Overall, 9 % of the patients
developed new or worsened RLS symptoms, with mirtazapine
being the most frequently associated [44]. Most patients con-
tinued on the antidepressant because the symptoms were mild
and were reduced over time. A cross-sectional study of 274
patients on antidepressants and referred to a sleep laboratory
for polysomnography were compared to 69 patients without
antidepressant therapy to evaluate PLMS. RLS was not in-
cluded as an outcome of the study. This study showed signif-
icantly higher periodic limb movement index associated with
treatment with the antidepressants, with the exception of
buproprion [45]. A retrospective study in 200 patients pre-
senting for insomnia found no association between antidepres-
sant treatment and RLS [46]. For most patients with RLS, the
standard recommendation is to avoid tricyclic antidepressants,
selective serotonergic reuptake inhibitors, and serotonin–
norepinepherine reuptake inhibitors, and to consider
buproprion for the treatment of depression. However, given
the lack of evidence, it is important to evaluate and treat each
patient individually [27, 47].

Similarly, dopamine receptor antagonists have been impli-
cated in the development or worsening of RLS. Given the
beneficial role of dopaminergic agonist therapy for the
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treatment of RLS, this is a reasonable assumption. However,
the evidence supporting this clinical observation is lacking.
Based on expert clinical experience, it seems prudent to avoid
dopamine antagonist drugs, including metoclopramide, in
patients with RLS until prospective studies are done [27].

Additional drugs reported to cause or worsen RLS include
the antihistamines, lithium, cimetadine, zonisamide, and sodi-
um oxybate. These are case series or case reports. A review of
drug-induced RLS has been recently published [48].

There are additional medical and neurologic conditions that
have been associated with an increased frequency of RLS.
These include neurological, medical, and psychiatric disorders
(Table 2) [49].

Placebo Effect in RLS

When evaluating treatments for RLS, it is important to con-
sider the robust placebo effect that occurs in this disorder. A
meta-analysis of the placebo effect across 36 treatment studies
(17 crossover studies and 19 parallel studies) was done,
looking at the placebo effect on the variety of outcome mea-
sures used in these studies. Overall, approximately a third of
patients treated with placebo had a major improvement in
symptoms. The most prominent placebo effect was noted for
the International Restless Leg Scale; in addition, there was a
moderate effect for quality of life, with smaller placebo effects
observed for daytime sleepiness, sleep quality, and total sleep
time. The smallest placebo effects were observed in periodic
limb movements in sleep. There was no placebo effect ob-
served for sleep efficiency. Overall, the pooled placebo re-
sponse rate was 40 % [50]. The magnitude of the placebo
effect may be blunted in clinical trials where patients had
previously been treated for RLS [51]. The placebo effect has
not been well studied in RLS, but studies in other disorders
suggest that it may be mediated by the dopaminergic or opioid
systems in the brain [52]. The relevance of the placebo effect
in clinical practice is not well understood. It may account for
the benefit reported by patients from such modalities as a “bar
of soap between the sheets”.

Nonpharmacologic Treatments for RLS

There are few studies that have evaluated nonpharmacologic
treatments for RLS. A single controlled study evaluated the
effect of progressive leg exercise in RLS patients over a
12-week study period. Although the study showed significant
improvements in severity of RLS in the exercise group, the
study was not blinded and only included 28 patients (11 in the
exercise group and 17 in the control group) [53]. Other mo-
dalities that have been assessed in small, limited studies in-
clude yoga, acupuncture, and cognitive behavioral therapy

and leg compressions [54–56]. Additional well-designed, con-
trolled studies are needed.

Dopamine Agonists for RLS

Prior to 1980, treatment of RLS patients was very limited. In
1982, Akpinar [57] published his observations in 5 patients
who had benefited from levodopa/benserazide. He also re-
ported beneficial effects with bromocriptine [57]. This opened
the door for a new era of therapeutic approaches to RLS.
Subsequently, there were 9 controlled studies evaluating the
efficacy of levodopa at doses ranging from 100 to 500 mg, but
only in a limited number of patients (up to a maximum of 28)
for a short period of time (up to 6 weeks) [58]. Although the
outcome measures and study designs varied considerably
among these studies and the results were mixed, many of
these early studies found that levodopa provided significant
subjective and objective benefit with few side effects. An
open-label, 2-year follow-up study in 30 patients noted that
22 of them had sustained benefit [59]. Subsequently, re-
sponse to levodopa or a direct dopamine agonist became
one of the supporting criteria for the diagnosis of RLS
[1], and a “levodopa test” for the diagnosis was devel-
oped [60], which showed a sensitivity of 80–90 % and
a specificity of 100 %. However, this is not typically
used for diagnosis, with the cardinal features being the
major subjective criteria. Following these initial reports,
long-term follow-up of patients showed recurrence of
RLS symptoms in the morning (rebound) and the aug-
mentation [61–63]. Augmentation refers to the worsen-
ing of RLS symptom severity from pretreatment levels
following an initial benefit from the drug for most days
of the week associated with an earlier onset of symp-
toms by at least 2–4 h, often associated with a shorter
latency to RLS symptoms at rest, spread to other body
areas, and increased intensity of symptoms [64].
Specific criteria have been developed that are useful in
diagnosis, particularly for clinical studies [65, 66].

A randomized, placebo-controlled, crossover trial in 30
RLS patients with associated PLMS compared the addition
of sustained-release levodopa (SR) to immediate-release (IR)
levodopa. This study showed that the addition of SR levodopa
resulted in improvement in RLS symptoms, reduced PLMS,
increased time in bed, and improved subjective quality of
sleep. However, during the 8-week study period, 17 % of
patients noted that their RLS symptoms were now occurring
in the afternoon [62]. The 1-year, open-label extension of this
study showed that 60 % treated with either IR or SR levodopa
developed daytime symptoms [67]. In a larger study of 60
RLS patients, the use of levodopa resulted in augmentation
in 60 % after a median time of 71 days. This study showed
that those who developed augmentation were on higher
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doses of levodopa and tended to have lower ferritin levels at
baseline [68].

The observation that the efficacy of levodopa for RLS was
offset by the occurrence of augmentation led to studies of
longer-acting direct dopamine agonists. There are currently
over 30 randomized, placebo-controlled studies and several
published evidence-based reviews and meta-analyses of do-
paminergic treatments for RLS [34, 69–74]. Overall, the direct
dopamine agonists have been found to be effective in short-
and longer-duration placebo-controlled studies for the treat-
ment of RLS and PLMS. There have not been adequate
comparative trials among the drugs available in this class to
indicate whether one agent is superior to another [75]. Smaller
studies indicate that the treatment effects are similar [76].
Because of the pharmacologic differences among these
agents, it may be that reduced efficacy or adverse effects from
one drug may improve with the substitution of another drug in
this class in an individual patient. However, this has not been
addressed by currently available studies.

The first direct dopamine agonists used for RLS were
ergoline compounds. Bromocriptine was the first agonist
found to improve RLS symptoms [57]. Most reports of benefit
were observational with only a single small controlled study
[77]. Pergolide was a second ergoline derivative that was
found to be effective in 4 controlled studies that included up
to 100 RLS patients [74], and was shown to be superior to
levodopa in some studies [78]. Carbergoline is a long-acting
ergoline derivative with an elimination half life of 65 h that
has been evaluated in controlled studies and shown to be
beneficial in RLS [79]. However, the use of ergoline com-
pounds for RLS is not recommended owing to the adverse
effects of this class of medications, including cardiac valve,
retroperitoneal, pericardial, and pleuropulmonary fibrosis
mediated through effects at the 5-hydroxytryptophan
(HT)2B receptors.

There are 3 non-ergoline, direct dopamine agonists ap-
proved by the US Food and Drug Administration (FDA) for
the treatment of RLS: ropinirole, pramipexole, and transder-
mal rotigotine (Table 4). Each of the compounds in this class
has a very low affinity for the 5-HT2B receptors and is unlikely
to be associated with the fibrosis seen in the ergoline class.
Ropinirole hydrochloride was the first drug approved by the
FDA, in 2005, for the treatment of moderate-to-severe RLS.
Ropinirole specifically stimulates the D3 receptors with lower
affinity for D2 and very low affinity for D1 receptors.
Ropinirole is metabolized through the liver and excreted
through the kidney as inactive metabolites [75]. Ropinirole
is available in an immediate release (IR) and extended-release
(ER) formulation. No controlled studies have been published
for the ER compound. Ropinirole IR has been evaluated in
multiple randomized, placebo-controlled trials. These studies
uniformly demonstrate that ropinirole is an effective treatment
for RLS, improving RLS symptoms, sleep, and quality of life

[80–84]. Improvement with ropinirole occurred approximate-
ly 1 week after the initiation of therapy. A placebo-controlled,
polysomnographic study of the effects of ropinirole on sleep
in RLS showed significant reduction in PLMS compared with
placebo [83]. The most frequent side effects from ropinirole
include nausea, fatigue, dizziness, and headache [80]. Based
on a meta-analyses of the available controlled studies,
ropinirole is recommended as standard treatment in which
the “[b]enefits clearly outweigh harm” [71] and is supported
by class 1 evidence [69]. The initial starting dose of ropinirole
is 0.25 mg, and a dose range from 1.0 to 5.0 mg is the usual
effective dose.

The consequences of sustained treatment with ropinirole
for RLS were evaluated for up to 66 weeks [85]. In this study,
the first 26-week period included 404 patients and was
placebo-controlled. The second period included 269 patients
who had completed the first period and was a 40-week, open-
label extension using a dose range of ropinirole of
0.25–4.0 mg per day. Loss of benefit occurred in 13 % of
patients during the first period and 16 % during the open-label
period. Augmentation occurred in up to 4 % of patients over
the entire study and was clinically meaningful in most [85].

Pramipexole is a non-ergoline compound approved for use
in RLS by the FDA in 2006. Pramipexole has a high affinity,
particularly for D3 receptors, and also has activity at D2 and
D4 receptors with a low affinity for D1. In contrast to
ropinirole, the metabolism of pramipexole is primarily
through the kidney. Patients with significant renal impairment
should be treated with lower doses [75]. Similar to ropinirole,
pramipexole has both an IR and ER formulation. Only the IR
has been evaluated for the treatment of RLS in published
controlled trials. There are numerous, class 1 controlled stud-
ies of pramipexole. Based on these studies, pramipexole IR is
recommended as standard therapy for RLS [71]. Most con-
trolled studies are of limited duration. One longer, placebo-
controlled study found that pramipexole continued to be ef-
fective throughout the 26-week study period. This study found
that 9.2 % of pramipexole-treated patients developed augmen-
tation compared with 6 % in the placebo arm [86].
Retrospective observations in pramipexole-treated RLS pa-
tients over longer time periods describe augmentation in
42 % at a median daily dose of 1 mg following a mean of
8 years of treatment. The augmentation symptoms were mild,
and only 1 patient discontinued treatment for that reason.
Additional findings from this study indicate that 56 % devel-
oped daytime sleepiness and 10 % developed impulse control
disorders. There was a reduction in the number of patients
who felt the drug was completely effective and approximately
a quarter of the patients required an additional medication to
control symptoms [87].

Rotigotine is a direct dopamine agonist with activity pre-
dominantly at the D2 receptor, but also at D1 and D3 recep-
tors. It has B2 adrenergic receptor antagonist activity and
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5-HT1a agonist activity. Rotigotine is available as a transder-
mal patch, providing steady-state plasma levels over 24 h.
With removal of the patch, the terminal half-life is 5–7 h.
Rotigotine is metabolized in the liver, but requires no dose
adjustment unless there is severely impaired liver function
[75]. The rotigotine transdermal patch has been evaluated in
16 randomized, placebo-controlled studies and found to be
effective for RLS symptoms [72]. Based on Class 1 evidence,
rotigotine has been found to be effective for the treatment of
RLS [69] at doses between 1 and 3 mg. An open-label study
evaluated the effect the rotigotine patch over 5 years. In this
open-label extension of a placebo-controlled study, 43 % of
295 patients continued on the patch for 5 years at a mean dose

of 3 mg per day, and 57 % discontinued treatment, mostly
owing to adverse effects or lack of efficacy. The most frequent
adverse event was an application site reaction that occurred
within the first year of treatment. Over the 5-year period, 13%
of patients experienced clinically significant augmentation,
resulting in discontinuation from the medication in 4 % [88].
A subsequent retrospective study confirmed the occurrence of
augmentation with rotigotine [89].

Although the dopamine agonists differ pharmacologically,
there are no studies that suggest that one agent is superior to
another. The limiting feature of this class of drugs is the
occurrence of side effects, in particular augmentation.
During chronic administration of dopaminergic agents,

Table 4 Drugs frequently used to treat restless legs syndrome (RLS) [34, 69, 88, 101, 110–112]

Drug Initial dose, usual dose range Titration Common side effects Comment

Carbidopa/levodopa 25/100
25/100–75/300 daily at bedtime

12.5/50 every 4–7 days Nausea
Somnolence
Fatigue
Augmentation

Not typically used for chronic
treatment owing to frequency
of augmentation; not FDA-
approved for RLS

Ropinirole 0.25 mg
0.50–4.00 mg daily approximately

1–3 h before bedtime

0.25 every 4–7 days Nausea
Somnolence
Fatigue
Headache
Augmentation
Impulse control disorders
Hypotension

Augmentation less frequent than
levodopa.

Dose adjustment for significant
hepatic impairment.

Has a long-acting formulation

Pramipexole 0.125 mg
0.125–1.000 mg daily

approximately 1–3 h
before bedtime

0.25 mg every 4–7 days Nausea
Somnolence
Fatigue
Headache
Augmentation
Impulse control disorders
Hypotension

Augmentation less frequent than
with levodopa. Dose adjustment
for renal impairment.

Has a long-acting formulation

Rotigotine transdermal patch 1 mg
1–3 mg daily

1 mg every 7 days Skin irritation
Nausea
Somnolence
Fatigue
Headache
Augmentation
Impulse control disorders
Hypotension

Augmentation less frequent than
with levodopa

Gabapentin 300 mg
300–1200 mg daily; may be in

split dosing with an afternoon
and bedtime dose

300 mg every 7 days Somnolence
dizziness

Likely no augmentation; not
FDA-approved for RLS

Gabapentin enacarbil 600 mg
300–1200 mg daily about 1 h

before bedtime

May increase on weekly
basis

Somnolence
Dizziness

With renal impairment, start with lower
doses. No added efficacy shown at
doses>600 mg, but increased
adverse effects.

No reported augmentation

Pregabalin 50 mg
150–300 mg daily in the evening

50 mg increases every
7 days

Somnolence
Dizziness
Weight gain
Suicidal ideation

Lower doses than used for pain
syndromes; not FDA-approved
for RLS.

No reported augmentation

FDA=US Food and Drug Administration
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a substantial number of patients develop augmentation.
Augmentation is most common with the shorter-acting levo-
dopa preparations, especially at higher doses treated for longer
durations [68]. However, recent studies have shown that with
longer duration treatment, augmentation occurs in up to 40 %
of RLS patients treated with direct dopamine agonists [87].
Risk factors for augmentation include duration of dopaminer-
gic therapy, more severe RLS symptoms, higher doses of
dopaminergic drugs, older age, and reduced ferritin levels
[90–92]. Treatment of augmentation can be challenging, with
the best approach being prevention by keeping dopaminergic
agents at low doses, and evaluating for reduced iron stores.

In addition to augmentation, other side effects associated
with dopaminergic agents include excessive daytime sleepi-
ness that is sometimes associated with falling asleep while
driving, and impulse control disorders, including gambling,
hypersexuality, and other behaviors atypical for a particular
individual [93]. It is necessary to specifically interview pa-
tients regarding impulse control disorders and somnolence,
and it is helpful if there are additional observers, such as a
spouse or house partner, to further confirm the presence or
absence of these adverse effects. If severe, reducing the dose
or discontinuing the dopamine agonist is often required to
reverse these adverse effects.

Alpha-2-delta Ligands for RLS

A second class of drugs that has demonstrated efficacy for
RLS and PLMS is the alpha-2-delta ligands (Table 4), includ-
ing gabapentin, gabapentin enacarbil, and pregabalin [69].
Only gabapentin enacarbil is FDA-approved for use in RLS.
Gabapentin is a structural analog of gamma-aminobutyric acid
that interacts with the α2δ-1 subunit of the voltage-dependent
calcium channels. Gabapentin enacarbil is a pro-drug of
gabapentin that is absorbed by active transport in the gut and
converted to gabapentin. Gabapentin enacarbil is more reli-
ably absorbed than gabapentin, and the absorption is enhanced
by the presence of food. Gabapentin is excreted largely un-
changed through the kidney and requires dose adjustment for
patients with significant renal insufficiency [75]. Gabapentin
is usually started a dose of 300 mg in the evening. The time of
dosing may be dependent on the time at which the RLS
symptoms begin. The dose can be slowly escalated, usually
on a weekly basis, until symptoms improve or side effects
occur. Gabapentin enacarbil has been evaluated for use in RLS
in both randomized, controlled studies and open-label obser-
vations for treatment durations from 2 weeks to 64 weeks.
These studies have shown benefit for both RLS symptoms and
PLMS [94–98]. In the longer-term studies, augmentation was
not spontaneously reported, and the most frequent side effects
from both compounds were somnolence and dizziness. A
blinded, randomized study compared gabapentin (300 mg)

to ropinirole (0.5 mg) on subjective measures of RLS and on
sleep assessed using polysomnography. This study included
80 patients and found that gabapentin was superior to
ropinirole in reducing sleep latency and efficiency, and in-
creasing slow wave sleep, but both drugs had equally benefi-
cial effects on PLMS [99].

Pregabalin binds to the α2δ subunit of voltage-dependent
calcium channels. It is actively transported across the gut and
excreted unchanged in the urine. Pregabalin has not been
approved by the FDA for use in RLS, although it has multiple
approved indications for pain syndromes and epilepsy. There
are 2 short-term studies providing class I evidence for efficacy
for treating RLS. One study was a 6-arm, randomized,
placebo-controlled, dose-finding study that evaluated 5 doses
of pregabalin over a treatment duration of 6 weeks, and found
that at a mean dose of 123.9 mg, there was 90 % efficacy. At
higher doses of pregabalin (300 mg and 450 mg) there was
improvement on some measures of severity, but adverse
events were also more frequent [100]. Another short-term
study of 12 weeks’ duration demonstrated that pregabalin at
an approximate dose of 300 mg improved RLS symptoms and
also improved sleep architecture. In addition, there was im-
provement in slow wave sleep and reduced wake time after
sleep onset [101]. The most frequent side effects in both
studies were sleepiness and unsteadiness or dizziness.
Although no augmentation was observed in either study,
longer duration studies are needed. In contrast to the typical
doses used for pain syndromes, the dosing for RLS is lower,
with the usual starting dose being 50 mg, and a slow titration
to the optimal dose, often in the range of 150–300 mg per day.
In RLS, pregabalin is given in the evening rather than divided
doses throughout the day as it is for seizures or pain.

Other Pharmacologic Treatments for RLS

Early studies suggested that opioid compounds improved
RLS symptoms [102, 103]. Long-term follow-up in 113
RLS patients treated with opioids showed that benefit could
be sustained, and may improve symptoms in those failing
dopaminergic therapies. However, the possibility of addiction
to opioids and exacerbation of sleep apnea have limited the
use of this class of drugs as a first-line therapy [104]. In those
patients who are refractory to dopaminergic agents, metha-
done at a mean dose of 15 mg per day was beneficial [105]. A
10-year retrospective study found that 50 % of RLS patients
treated with dopamine agonists discontinued these agents, but
only 15 % of patients treated with methadone discontinued
therapy. This study is limited by its retrospective design and
the possible bias introduced by including patients who failed
dopamine agonists in the methadone group [106]. A recent
12-week, placebo-controlled study evaluated a fixed dose
combination drug, oxycodone–naloxone, administered twice
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a day in RLS patients who had failed previous treatments
owing to lack of benefit or side effects. Patients were with-
drawn from any current treatment for RLS prior to study entry.
Two hundred and seventy-six patients were randomized to
either placebo or oxycodone 5 mg–naloxone 2.5 mg twice a
day and titrated up to either benefit or a maximal dose of
oxycodone 40 mg–naloxone 20 mg twice a day. All patients
then entered a 40-week open-label extension. This study
demonstrated that in previously treatment-resistant RLS, oxy-
codone–naloxone was superior to placebo, and in the exten-
sion period, provided continued benefit for a median of
281 days at a mean dose of oxycodone 18.1 mg and naloxone
9.1 mg. Side effects from active treatment included fatigue,
constipation, nausea, somnolence, and headache.
Augmentation did not occur [107].

A variety of other medications has been used for the treat-
ment of RLS. Clonazepam, although improving subjective
sleep in some patients, did not reduce PLMS during the night
[108] and has not been rigorously evaluated. Other medica-
tions likely efficacious but lacking sufficient evidence include
carbamazepine, valproic acid, and clonidine [69, 74].
Additional treatments that have insufficient evidence include
zolpidem, amantadine, botulinum toxin, buproprion, magne-
sium, vitamin E, folate, and vitamin B12 [74]. At this time,
there is little evidence to support the use of these agents as a
primary treatment for RLS.

Conclusion

RLS is a chronic disorder that can seriously impair quality of
life. Several agents have sufficient evidence to be considered
as effective for the treatment of RLS, including those ap-
proved by the FDA for RLS: ropinirole, pramipexole,
rotigotine, and gabapentin enacarbil. However, the potential
benefit of any drug used to treat RLS must be weighed against
the acute and chronic adverse effects of the drug and the long-
term consequences of therapy [7, 109].

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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