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Abstract Restless legs syndrome (RLS) is a common neurological disorder of unknown etiology that is managed by
therapy directed at relieving its symptoms. Treatment of
patients with milder symptoms that occur intermittently
may be treated with nonpharmacological therapy but when
not successful, drug therapy should be chosen based on the
timing of the symptoms and the needs of the patient.
Patients with moderate to severe RLS typically require daily
medication to control their symptoms. Although the dopamine agonists, ropinirole and pramipexole have been the
drugs of choice for patients with moderate to severe RLS,
drug emergent problems like augmentation may limit their
use for long term therapy. Keeping the dopamine agonist
dose as low as possible, using longer acting dopamine
agonists such as the rotigotine patch and maintaining a high
serum ferritin level may help prevent the development of
augmentation. The α2δ anticonvulsants may now also be
considered as drugs of choice for moderate to severe RLS
patients. Opioids should be considered for RLS patients,
especially for those who have failed other therapies since
they are very effective for severe cases. When monitored
appropriately, they can be very safe and durable for long
term therapy. They should also be strongly considered for
treating patients with augmentation as they are very effecElectronic supplementary material The online version of this article
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tive for relieving the worsening symptoms that occur when
decreasing or eliminating dopamine agonists.
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Introduction
Restless legs syndrome (RLS) is a neurological sensorimotor disorder that is diagnosed based on 4 essential clinical
criteria that were established by the International RLS Study
Group in 2003 [1]. These criteria are as follows:
1. An urge to move the legs, usually accompanied or caused
by uncomfortable and unpleasant sensations in the legs
(e.g., sometimes the urge to move is present without the
uncomfortable sensations, and sometimes the arms or
other body parts are involved in addition to the legs).
2. The urge to move or unpleasant sensations begin or worsen
during periods of rest or inactivity, such as laying or sitting.
3. The urge to move or unpleasant sensations are partially
or totally relieved by movement, such as walking or
stretching, at least as long as the activity continues.
4. The urge to move or unpleasant sensations are worse in
the evening or night than during the day, or only occur
in the evening or night (when symptoms are very severe; the worsening at night may not be noticeable but
must have been previously present).
A fifth criterion has just been established by the International
RLS Study Group in 2012 that includes ruling out mimics of
RLS (leg cramps, arthritis, neuropathies, claudication, positional
discomfort, and so forth) that might confound the diagnosis.
Future diagnostic manuals, such as the International
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Classification of Sleep Disorders (ICSD-3) and the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5), will likely
include this fifth diagnostic criterion.
Symptoms are often very difficult for patients to articulate, as
there are usually no words to adequately describe the uncomfortable leg sensations that often result in the diagnosis being
missed or delayed for many years. Although an overnight sleep
study demonstrating increased periodic limb movements (PLM)
of >5/h is supportive of the RLS diagnosis, it is not essential
(only 80–85 % of RLS patients have increased PLM [2]).
Therefore, an overnight polysomnogram is not necessary to
establish the diagnosis of RLS, and the absence of PLM does
not rule out RLS. Furthermore, increased PLM are present in
other sleep disorders, such as obstructive sleep apnea, narcolepsy, and rapid eye movement (REM) sleep behavior disorder, in other medical disorders, and in patients treated with
certain medications (especially selective serotonin reuptake
inhibitor (SSRI) [3] and serotonin norepinephrine reuptake
inhibitor (SNRI) [4] antidepressants). In questionable cases,
a family history of RLS [5] or a clinical response to a dopamine drug (more than 90 % report some relief [1]) may help
establish the diagnosis.
RLS is a fairly common disorder with prevalence rates of 4 to
29 % based on a recent review of 34 studies of prevalence rates
in North American and Western European populations [6] and
1.6 to 12 % in Asian populations [7–12]. One of the larger
American and European studies [13] found that RLS occurred
in 7.2 % of the North American and Western European population and that 2.7 % had clinically significant RLS symptoms
(occurring at least 2 times per week and reported as moderately
or severely distressing). This study also found that RLS had a
significant impact on the health of these patients as their Short
Form-36 (SF-36) scores were significantly below population
norms, matching those of patients with other chronic medical
conditions, such as diabetes and clinical depression. As demonstrated by several other studies [14–17], this study confirmed that
RLS was twice as common in women compared to men and the
prevalence increases up to 80 years old after which it decreases.
Most patients with RLS have idiopathic RLS for which
the etiology is still unknown. Because studies have shown
that more than 60 % of RLS patients have a family history of
the disease [18, 19], there has been an assumed genetic
component of this disease and several genome-wide associated studies have found an increased risk for developing
RLS and PLM with a few genomic regions (BTBD9,
MEIS1, MAP2K5/LBXCOR1, and PTPRD) [20].
Secondary RLS is most often associated with iron deficiency [21, 22], pregnancy [15, 23–26] and end-stage renal
failure [27–29]. There is an increase of RLS associated with
other neurological disorders, such as Parkinson’s disease
[30–33], multiple sclerosis [34], spinocerebellar ataxia type
3 [35], peripheral neuropathies [36–39], essential tremor
[40], myelopathies [41], and polyneuropathies [42, 43].
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Not all patients with RLS need treatment. Patients with mild
disease may not need drug therapy or other interventions,
whereas those with severe symptoms may require multiple
medical treatments. Similar to the approach for patients with
back pain, therapeutic decisions should be based on the
frequency and severity of symptoms and the disability that
results from them. Several algorithms [44–47] for guiding
physicians on how to treat RLS have been developed and
they all have fairly similar suggestions, which vary, mostly
due to the availability and government approval of medications in the authors’ countries. Recommendations and suggestions for treating RLS in this article are based on 1 of the
oldest of these algorithms [44], but they have been updated
by currently available medication, interval medical literature, and the author’s clinical experience.

Intermittent RLS
Nonpharmacological Therapy for Intermittent RLS
The majority of patients with intermittent RLS symptoms
have mild ones that typically do not require drug therapy.
Nonpharmacological remedies are often sufficient to quell
these patients’ symptoms.
Alerting Activities
Symptoms characteristically occur when patients are at rest
both physically and mentally. Although the preferred activity to relieve symptoms is physical movement (walking,
moving the affected limb, massage, and so forth), it is not
always possible (e.g., when traveling in an airplane while
the “fasten your seat belt” sign is on). Mentally engaging
activities, such as playing a video game, solitaire, chess,
doing a crossword puzzle, or even having a mentally stimulating conversation can markedly reduce or eliminate RLS
symptoms when the patient is sedentary, which is based on
hundreds of anecdotal reports to the author and other RLS
experts. However, patients report that passive activities,
such as watching the in-flight movie provide no relief.
Abstinence from Caffeine, Nicotine, and Alcohol
There is very little evidence in the medical literature supporting worsening of RLS by caffeine and improvement
with cessation of its intake. Furthermore, in clinical practice,
an adverse response to caffeine is not very commonly seen.
The evidence supporting this negative association is based
on 1 study [48] performed in 1978 (before the diagnostic
criteria for diagnosing RLS was established), in which
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patients had complete remission of their RLS symptoms
after stopping their caffeine intake. This unblinded study
had several flaws and has never been replicated.
Therefore, whether caffeine truly exacerbates RLS is
not very clear, but some patients may benefit from refraining
from its intake.
The literature is also not very supportive for the effect of
nicotine/tobacco on RLS. An early case report [49] described a 70-year-old patient with severe RLS who had a
complete remission of symptoms 1 month after smoking
cessation. No significant differences in the incidence of
RLS was found in a 1997 epidemiological study [50] between Canadian adult smokers and nonsmokers, whereas 2
other epidemiological studies (1 in 2000 [51] and another in
2004 [52]) both found an increased risk of RLS in smokers.
However, in clinical practice, the effect of smoking on RLS
has not been very noticeable.
Although based on clinical experience, alcohol consumption tends to exacerbate RLS much more than the 2 substances in this section; the only study to support this link is
the 2000 epidemiological study [42], which used telephone
interviews on 1803 Kentucky adults. Alcohol is commonly
used by RLS sufferers as an easily available hypnotic to help
them get to sleep, but in addition to worsening their RLS
symptoms, it also increases wakefulness in the second half
of the night [53] and leads to disturbed sleep, even with a
single low dose resulting in increased sleep fragmentation
and number of awakenings in nonalcohol dependent adults
[54].
Avoid Medication That May Enhance RLS
This is the most common cause of iatrogenic exacerbation of
RLS, although patients often create this problem by taking
many of the over-the-counter (OTC) drugs that worsen the
syndrome. Most physicians have no knowledge of the long
list of drugs that affect RLS and thus frequently prescribe
them for RLS sufferers. The mechanism of this exacerbation
is not understood, although for some of these drugs it may
be related to dopamine blockade because dopamine blocking drugs, such as pimozide [55] typically worsen RLS
symptoms.
Antihistamines Due to their ease of availability, this is 1 of
the most common classes of drugs that is bothersome to
patients with RLS. There is no medical literature to substantiate this association, but extensive clinical experience supports this effect. These drugs are prevalent in OTC sleeping
pills (diphenhydramine, doxylamine) and OTC cold remedies (often in combination with other drugs, which makes
their presence even less obvious). Alternatives to their use
include the newer second generation H1 blockers (loratadine, fexofenadine, desloratadine, and possibly cetirizine)
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that do not cross the blood-brain barrier and thus do not
worsen RLS symptoms.
Anti-Nausea and Anti-Emetic Drugs Many anti-nausea
drugs (trimethobenzamide, prochlorperazine, promethazine,
hydroxyzine, meclizine, and metoclopramide) block the dopamine system and thus may worsen RLS [56]. Alternatives
include the newer selective 5-HT3 receptor antagonists (granisetron hydrochloride, ondansetron hydrochloride), which
do not bind to the dopamine receptors [57], and the peripherally acting drug domperidone (not available in the United
States [U.S.]), which does not cross the blood-brain barrier
and does not affect RLS [58].
Antidepressant Medications Clinical experience combined
with studies in the literature have found that antidepressant
drugs, such as selective serotonin reuptake inhibitors (such
as paroxetine [59], sertraline [60], the tetraclycic antidepressant mirtazapine [61, 62], and the SNRI venlafaxine [63])
aggravate RLS patients. A recent study [64] that prospectively followed 271 patients who were started on secondgeneration antidepressants (fluoxetine, paroxetine, citalopram, sertraline, escitalopram, venlafaxine, duloxetine,
reboxetine, and mirtazapine) for new onset of RLS symptoms or exacerbation of existing symptoms during the
course of 1 year found that 9 % of patients reported RLS
problems due to their antidepressant. Mirtazapine causes
worsening the most frequently at 28 %, and no problems
were noted with reboxetine, whereas the other antidepressants had RLS side effects rates of 5 to 10 %. The RLS
problems tended to occur within a few days of starting the
medication. In a recent article [65], a critical review of the
literature on the effect of drugs on RLS and PLM found that
the strongest evidence available for antidepressant-induced
RLS for escitalopram, fluoxetine, and mirtazapine and the
strongest evidence for antidepressant-induced PLM for citalopram, fluoxetine, paroxetine, sertraline, and venlafaxine,
but not for bupropion.
The older tricyclic antidepressants also tend to intensify
RLS and PLM [66], but clinical experience suggests that the
secondary amine tricyclic antidepressants (desipramine, nortriptyline) may have less of an effect on RLS. Other alternatives that do not worsen RLS include bupropion and
trazodone. In fact, there are anecdotal case reports [67, 68]
for bupropion relieving RLS symptoms and 1 doubleblinded, controlled study [69] that demonstrated a statistically significant improvement of RLS with bupropion at 3 weeks, but not at 6 weeks. In clinical practice,
a few patients may find that bupropion helps their RLS,
but most just notice that it does not worsen their
symptoms.
Despite their exacerbating effect on RLS, antidepressant
medications should be continued when they are necessary
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for severe depression or anxiety, and instead additional RLS
treatment should be considered.
Neuroleptic Medications Many of the drugs in this class
decrease dopamine neurotransmission [70], which has been
postulated as the reason for their worsening of RLS symptoms. These drugs are well known for causing akathisia,
which shares many of the clinical features of RLS [71] and
is thought to be derived from similar mechanisms. There are
several articles supporting the RLS exacerbating effects of
neuroleptic drugs, including olanzapine [72], risperidone
and haloperidol [73], and lithium [74]. In clinical practice,
exacerbation of RLS by neuroleptic medications is a common occurrence, and when these drugs are used to treat
serious psychiatric conditions, it is advisable to continue
these drugs and rather step up the RLS treatment as needed.

Iron Replacement Therapy
Karl Ekbom [75, 76], who described RLS and named the
disease in 1945, suspected iron deficiency anemia as a
possible cause, and found that in open-label studies that oral
iron therapy was beneficial. In uncontrolled open-label studies, Nordlander [77] and Parrow and Werner [78] demonstrated that even in the presence of normal iron levels, RLS
could be markedly improved or resolved by intravenous iron
therapy. In 1994, O’Keeffe et al. [21] reported the benefit of
oral iron therapy in an open-label study that was inversely
correlated with the serum ferritin level. Patients with ferritin
levels <18 mcg/l improved the most, those with levels
between 18 mcg/l and 45 mcg/l had an intermediate response, whereas those with levels >45 mcg/l derived little
benefit from oral iron therapy. Therefore, oral iron therapy
has been recommended for RLS patients with serum levels
<45 mcg/l until the more recent double-blind, placebo controlled study by Wang et al. [79] in 2009 demonstrated an
improvement of RLS symptoms by oral iron therapy of
325 mg bid for 3 months in patients with a range of ferritin
levels between 15 and 75 mcg/l. Furthermore, a recent study
[80] performed on Japanese children ages 2 to 14 years, with
serum ferritin levels between 9 to 62 mcg/l, showed significant relief in the majority of subjects with oral iron therapy,
which generally became noticeable after approximately
3 months of therapy. However, a randomized, doubleblind, placebo-controlled trial by Davis et al. [81] did not
show an improvement with oral iron therapy, despite
increases in serum iron saturation and a recent literature
review of the iron therapy for RLS [82], which did not find
sufficient evidence to prove that iron therapy was beneficial
for treating RLS.
Oral iron therapy is usually started with ferrous sulfate
325 mg (65 mg of elemental iron), taken with vitamin C
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(100 mg 1-2 h before meals 3 times daily). Gastrointestinal
problems (constipation, diarrhea, abdominal pain) often limit the use of oral iron and the fairly good absorption of iron
at low serum ferritin levels (20–30 % with ferritin levels
<5 mcg/l) markedly decreases with higher serum ferritin
levels (2 % with ferritin levels of 60–80 mcg/l).
Medication Therapy for Intermittent RLS
Benzodiazepines
Despite benzodiazepines being among the first classes of
drugs used to treat RLS, it is the author’s opinion (although
some RLS experts may disagree) that these drugs do not
actually relieve RLS symptoms [83]. They do help RLS
patients fall asleep, which is comparable to their use in
helping patients with mild back pain fall asleep. Although
clonazepam is the first benzodiazepine reported as being
beneficial for treating RLS [84], it has a very long half-life
of more than 40 hours, which often results in next day
sedation. Therefore, shorter acting benzodiazepines, such
as temazepam or the more selective benzodiazepine receptor
drugs, such as zolpidem or eszopiclone are preferred agents
for helping RLS patients fall asleep. Zolpidem (half-life of
2.5 h) is a good choice for patients with mainly sleep onsetrelated insomnia, whereas zolpidem CR or eszopiclone
(half-life of 6 h) may be better for those with sleep onset
combined with sleep maintenance problems.
Low Potency Opioids
Opioids have been promoted for treating RLS since the 17th
century when Sir Thomas Willis described the syndrome
and an effective treatment with laudanum (tincture of opium). Low potency opioids, such as codeine, hydrocodone,
and tramadol can be very effective for treating intermittent
RLS symptoms during the daytime (as long as they do not
cause sedation) or at bedtime. Depending on the drug, relief
may begin in approximately 30 to 60 minutes and last for 3
to 6 h.
Levodopa
Akpinar [85] first described the successful use of levodopa
in 1982 to treat RLS. However, its adoption as a daily RLS
drug resulted in worsening of RLS (called augmentation) in
more than 80 % of patients [86], and thus levodopa should
only be prescribed on an intermittent basis. This drug
can provide relief of RLS symptoms in as fast as
15 minutes when taken on an empty stomach, and is
thus suitable for relieving RLS for both daytime and
bedtime symptoms. However, symptoms may return in
approximately 3 to 4 h.

780

Buchfuhrer

Dopamine Agonists
Dopamine agonists have been well-established for treating
patients with moderate-to-severe RLS symptoms. However,
their use for milder, intermittent RLS symptoms is less wellestablished. Since the onset of action for drugs, such as
ropinirole and pramipexole is approximately 1 to 3 h, they
are more appropriate for predictable situations that provoke
RLS, such as a long airplane trip. Furthermore, their longer
duration of action (6–8 h) often enhances their usefulness in
these situations. Their major drawback for intermittent use is
that when higher doses are needed, these drugs must be
slowly titrated to avoid side effects, so that reintroducing
them at their effective dose after a hiatus may readily cause
side effects.

Summary of Treatment of Intermittent RLS
Choices for treating intermittent RLS symptoms based on
when they occur and their frequency is detailed in Table 1.

Daily RLS
Dopamine Agonists
As per the algorithm for the treatment of daily RLS symptoms, shown in Figs. 1 and 2 [44], nonpharmacological
treatment as previously detailed for intermittent RLS should
be instituted prior to drug therapy. During the past decade,
non-ergot derived dopamine agonists have been considered
as the first-line drugs of choice for patients with moderateto-severe RLS. Numerous studies have supported the efficacy and safety of both ropinirole [87–92] and pramipexole
[93–97], resulting in these 2 drugs being the first ones
approved by the Food and Drug Administration (FDA) for
treating moderate-to-severe RLS.
Table 1 Summary of Treatment of Intermittent RLS
Type of RLS problem

Suitable drugs

Bedtime RLS, infrequent

Carbidopa/levodopa
Opioids
Benzodiazepines
Consider daily RLS treatment
Opioids
Carbidopa/levodopa
Dopamine agonists
Opioids
Carbidopa/levodopa

Bedtime RLS, ≥4–5 nights per week
Daytime RLS, expected

Daytime RLS, unexpected

RLS0restless legs syndrome.

Ropinirole and pramipexole both act somewhat similarly
on the dopamine receptors and should be taken 1 to 3 h
before bedtime or at the onset of symptoms. One or 2
additional doses earlier in the day (at 8-h intervals), although not FDA-approved, are often used to treat patients
with more advanced RLS. Dose-related side effects include
nausea, sedation, dizziness, hypotension, impulse control
disorders, and insomnia, although the nausea may be mitigated largely by taking the medication with food, but this
also delays the onset of action by approximately 1 h.
Impulse control disorders (pathologic gambling, hypersexuality, compulsive shopping, compulsive eating, compulsive medication use, and punding) with dopamine drugs
used for Parkinson’s disease were first reported by Uitti et
al. [98] in 1989, with reports of hypersexuality, and then by
Molina et al. [99] in 2000 for pathological gambling. At first
it was thought to be a problem that was exclusive to
Parkinson’s disease, but it was not long before cases were
seen in the RLS population with the first published case
reports in 2007 [100]. Patients and their families should be
warned as to the potential development of impulse control
disorders with dopamine agonists, and they should also be
questioned carefully on follow-up visits because patients
who develop this side effect typically try very hard to
conceal it. Therefore, it is essential that this behavior is
found before it results in large financial losses or the termination of relationships with spouses, family, or friends. The
impulse control disorder can usually be resolved with a
reduction or elimination of the dopamine drug.
The major differences between ropinirole and pramipexole include a shorter duration of action for ropinirole (halflife of 6 h) compared to pramipexole (half-life of 8–12 h),
and ropinirole is metabolized in the liver, whereas pramipexole is excreted through the kidneys.
Both of these drugs should be started at their lowest dose
(ropinirole at 0.25 mg and pramipexole at 0.125 mg) and
increased if necessary every 5 to 7 days by their initial dose
until symptoms are controlled. Although the FDAapproved, maximum doses for ropinirole and pramipexole
are 4 mg and 0.75 mg, respectively; many physicians exceed
this dose, especially when treating daytime symptoms that
may require 1 or 2 additional doses per day. However, after
10 to 15 years of experience with these drugs, concerns
regarding augmentation of RLS symptoms by these drugs
have made many RLS experts rethink the doses used to treat
RLS, and even whether these drugs should be first-line
drugs of choice for this disease. Due to concerns regarding
augmentation of RLS, In the opinion of this author and
several other RLS experts, the maximum doses of dopamine
agonists should be much lower than the approved FDA
doses (such as 0.25 mg for pramipexole and 1 mg for
ropinirole). However, augmentation may occur even at the
lowest doses of dopamine agonists.
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Fig. 1 Algorithm for the
treatment of intermittent RLS
[35]

A new dopamine agonist, the rotigotine patch (Neupro,
UCB, Inc., Smyrna, GA) has just been approved by the
FDA (April 2012) for treating moderate-to-severe RLS,
and numerous studies support its efficacy and safety
[101–106]. The patch is available in 1 mg, 2 mg, and
3 mg per 24-h doses and should be started at 1 mg/24 h
and then increased on a weekly basis as needed to a maximum dose of 3 mg/24 h. Although many patients with
moderate-to-severe RLS complain predominately of evening and/or bedtime symptoms, most have daytime symptoms that become bothersome when trying to perform
sedentary activities or tasks, and would thus benefit from
this medication. Furthermore, there is some evidence [107]
that augmentation problems may be less frequent and less
severe than with ropinirole and pramipexole, but further
longer term studies are necessary to fully determine this
issue. Side effects are otherwise similar to the other dopamine agonists, with the exception of the most common side
effect of the patch, which is skin reactions at the application
site; the patch should be rotated on a daily basis.

Augmentation
This phenomenon results in a worsening of RLS symptoms
that was first described by Allen in 1996 [70] for the use of
Fig. 2 Algorithm for the
treatment of daily RLS [35]

carbidopa/levodopa and typically occurs only with the use
of dopaminergic drugs; there are also reports of augmentation associated with the nondopaminergic drug tramadol
[108, 109]). After several weeks, months, or even years,
the RLS symptoms become more intense and the latency to
symptoms when at rest is shorter; symptoms occur earlier in
the day (typically at least 2 h earlier) and return sooner after
taking the medication and may spread to other parts of the
body. With time, the RLS symptoms can become extremely
severe, causing severe insomnia and preventing the patient
from remaining sedentary for more than a few minutes.
Increasing the medication provides relief for weeks or
months, but ultimately just “adds fuel to the fire,” which
in the author’s experience is unfortunately the most common
treatment followed by most general physicians and even
specialists.
The formal criteria for diagnosing augmentation (Max
Planck Institute Criteria [110]) are described in Fig. 3 and
should be helpful as a guide for diagnosis, but strict adherence to these criteria are more useful for clinical medical
trials rather than for clinical practice. The cause of this
augmentation problem is unknown, but it presents a common problem in RLS patients, especially those who are
treated with higher doses of dopamine agonists. Currently,
severe augmentation cases comprise approximately 75 % of
consultations performed by RLS experts. A recent study by
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Fig. 3 Max Planck Institute
criteria

Silver et al. [111] found that after 10 years approximately
70 % of patients with severe RLS on pramipexole (mean
dose, 1.3 mg) discontinued their medication due to augmentation. The frequency of augmentation in clinical practice
with less severe patients is likely much lower and has yet to
be fully determined, but this is clearly a very significant
issue and patients should be closely observed for any signs
of this problem.
Patients with mild augmentation usually present with
symptoms that occur a few hours earlier than prior to being
started on their dopamine agonist, and these patients may be
treated by receving their medication earlier (1–2 h before the
new earlier onset time of symptoms). The dose may have to
be increased to cover nighttime/sleep RLS symptoms or a
split dose (1 before symptom onset and another at bedtime)
to provide complete RLS coverage. However, the total dose
should be kept as low as possible to prevent further problems with augmentation. These patients should have their
ferritin levels maintained as high as possible because augmentation has been associated with low ferritin levels [112,
113].
For RLS patients with severe augmentation, based on
clinical experience, the dopamine agonist usually should
be stopped or significantly reduced. The medication can be
tapered down slowly or can be stopped abruptly. In either
case, a potent opioid (methadone, oxycodone, and so forth)
should be prescribed to cover the marked worsening of RLS
symptoms, which will predictably occur with the withdrawal of the dopamine drug. This exacerbation of symptoms

typically abates within a few weeks or months of stopping
the dopamine agonist, at which time the opioids may be
reduced. Anticonvulsant drugs (discussed as follows) may
be added to further reduce or eliminate the need for opioids.
α2δ Anticonvulsants
Mellick and Mellick [114] was the first to publish a study
supporting the use of gabapentin for treating RLS in 1996.
Since then, other anticonvulsants have been studied and
used to treat RLS. In 2011, gabapentin enacarbil, a prodrug
of gabapentin became the first nondopamine drug to be
approved for RLS in the U.S. Although previous RLS
treatment algorithms have typically considered dopamine
agonists as the drug of choice for moderate-to-severe RLS
patients, anticonvulsants are challenging this paradigm. The
α2δ anticonvulsants may now be considered as a comparable first-line treatment for RLS patients and for certain
patients, they may be even a better first choice. The anticonvulsant drugs help treat painful RLS symptoms, neuropathy (especially painful neuropathy) and the insomnia that is
so common with RLS sufferers. Furthermore, there are no
concerns regarding augmentation that is common with dopamine drugs or tolerance, and dependence that may occur
with opioid therapy. The most effective and studied anticonvulsant drugs for RLS are the ones that bind to the α2δ
subunit of voltage-gated calcium channels in the CNS
(gabapentin, gabapentin-related drugs, and pregabalin).
The α2δ drugs share common side effects that include
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sedation and dizziness, whereas the class side effect of
suicidal ideation and but is a serious concern with these
drugs.
Gabapentin
As previously noted, this drug was first studied for RLS in
1996 with many further studies supporting its benefits for
RLS in patients with normal renal function [115–119] and
for dialysis patients [120, 121]. When treating RLS, it is
reasonable to start with 300 mg taken 2 to 3 h before
bedtime or before the onset of symptoms for patients up to
55-years-old. A decrease in the initial dose to 200 mg for
patients between 55 and 70 years of age and to 100 mg for
patients older than 70 years of age is prudent to minimize
the emergence of side effects. The dose may be increased on
a weekly basis, if needed, by increments of the initial dose
until symptoms are relieved or side effects limit the use of
the drug (typically to a maximum of 900–1200/per dose).
One or 2 additional doses earlier in the day may be added
for patients with more severe RLS who often have daytime
symptoms.
One issue unique to gabapentin concerns is its poor
absorption by the low capacity transporters located in the
proximal section of the small intestine [122]. These transporters are very easily saturated, which results in
dose-dependent bioavailability of this drug. At subtherapeutic doses, 60 % bioavailability is likely, whereas this
reduces to 35 % with higher, more therapeutic doses.
Furthermore, the expression of this intestinal transporter
saturation problem is quite variable among individuals,
making it even more difficult to predict dosing.
As previously discussed, gabapentin enacarbil (Horizant,
GlaxoSmithKline Pharmaceuticals, Research Triangle Park,
NC) is the first nondopamine drug approved in the U.S. for
treating moderate-to-severe RLS. Many studies [123–129]
have demonstrated its effectiveness and safety for RLS
patients in North America and Europe, whereas 1 recent
study has demonstrated similar results for Japanese patients
[130]. This drug is a pro-drug of gabapentin, which possesses a side chain (see Fig. 4) that permits it to utilize the
high capacity transporters present throughout the entire
small and large intestines, resulting in dose-proportional oral
bioavailability at approximately 70 % across a wide dose
range. Once transported into the blood stream, gabapentin
enacarbil is rapidly hydrolyzed at the NH bond (see Fig. 4)
to form gabapentin.
Gabapentin enacarbil is available in 300 and 600 mg
extended-release tablets. The 600 mg tablet is for patients
with normal creatinine clearances of more than 60 ml/min
and should be taken at 5 to 6 pm with food (which is better
when absorbed with high-fat content meals). Although this
is the only FDA-approved dose for patients with normal

Fig. 4 Structure of gabapentin and gabapentin enacarbil

renal function, studies [123–127, 129] have shown that
some patients do well or better on 1200 mg or even
1800 mg at 5 to 6 pm. There are no studies to support the
twice daily use of this drug, but clinical experience has
found that some patients with severe RLS and symptoms
that start when awakening may benefit from an additional
dose in the morning. Dosing for patients with renal impairment should follow the guidelines in Table 2.
Gabapentin-Extended Release
Gabapentin-extended release (Gralise, Depomed, Inc.,
Menlo Park, CA) became available in 2011 and is FDAapproved only for treating postherpetic neuralgia. There are
no studies and very little clinical experience with this drug
for treating RLS. Due to its 24-h extended-release formula,
it may be a reasonable choice for patients with severe RLS
and symptoms around the clock. This medication uses
gastro-retentive technology that causes the tablet to swell
in gastric fluids (so it should be taken with food), which
keeps the tablet from leaving the upper gastrointestinal tract,
where the gabapentin can get absorbed. Although it does not
have dose-proportional bioavailability similar to regular
gabapentin, due to the slow release of extended-release
gabapentin, its range of bioavailability is fairly high. It is
Table 2 Gabapentin enacarbil dosing based on creatinine clearance*
Creatinine Clearance
(ml/min)

Gabapentin enacarbil dose

30–59

300 mg daily, increase to 600 mg if
needed
300 mg daily
300 mg every other day

15–29
<15

*Not recommended for dialysis patients

784

available in 300 and 600 mg tablets and should be started at
300 mg and increased every 4 to 7 days by 300 mg until a
therapeutic effect is achieved or adverse reactions limit its
use (maximum dose, 1800 mg).
Pregabalin
(Lyrica, Pfizer Pharmaceuticals LLC, Vega Baja, PR) is
approved for neuropathic pain from diabetic neuropathy or
postherpetic neuralgia, fibromyalgia, and partial seizures.
Although only 3 studies [131–133] have demonstrated its
efficacy and safety for treating RLS, there is significant
clinical experience that has found this drug to be effective
for treating RLS. Depending on the patients age, pregabalin
may be started at 50 mg (for patients older than 65 years) or
75 mg (for those younger than 65 years) 2 to 3 h before the
onset of symptoms or before bedtime. If necessary, this dose
may be increased every week by the initial dose until symptoms are resolved. For patients with more severe RLS that
starts earlier in the day, an additional dose may be started 2
to 3 h before the onset of their symptoms. The maximum
dose should be 300 to 450 mg in the evening and 300 mg for
the earlier dose (daily maximum total dosage, 600 mg).
Doses should be reduced for patients with renal
insufficiency.
Non-α2δ Anticonvulsants
Because the non-α2δ anticonvulsants are generally not as
effective as the α2δ anticonvulsants, they have been studied
less extensively and have been used much less in clinical
practice to treat RLS. However, in cases when the α2δ
anticonvulsants are not effective or tolerated, these drugs
may at times prove to be worth trying. Some studies have
shown a benefit for treating RLS with lamotrigine (openlabel study in which 3 of 4 RLS cases benefited from an
average of 360 mg) [134], levetiracetam (open-label study
showing benefit in 2 cases with augmentation at 500–
1000 mg qhs) [135], (open-label study showing benefit in
7 male children with attention-deficit hyperactivity disorder,
focal interictal epileptic discharges and RLS) [136], topiramate (open-label, flexible dosing prospective study on 19
patients showing benefit with an average dose of 42 mg)
[137], carbamazepine (placebo controlled, double-blind 4week cross-over study showed that 6 patients did better with
200 mg bid or tid) [138], (placebo controlled, double-blind
study on 174 patients showed a benefit with a medium daily
dose of 236 mg) [139], oxcarbazepine (3 open-label case
reports demonstrating benefit with 300-600 mg) [140], and
valproic acid (placebo controlled comparison of slow release valproic acid 600 mg and slow release levodopa/benserazid 200/50 mg showed no difference in efficacy on 20
RLS patients) [141].

Buchfuhrer

Opioids
Opioid therapy is reserved for cases that do not respond
adequately to dopamine agonists and anticonvulsants. They
are typically not first-line therapy. However, as per the
algorithm for treating daily RLS [44], opioids are an excellent choice for patients who do not get full or get any benefit
from the other classes of drugs. The opioids can be used as
additional therapy to either or both dopamine agonists and
anticonvulsants (combination therapy) or can be used
alone as monotherapy. The opioids, especially the potent
ones, tend to be the most effective RLS drugs, especially for severe RLS cases or for patients who are trying
to get off dopamine agonists (particularly in the presence of augmentation).
Most of the effective RLS drugs are in category C or D
and thus should be used in pregnant RLS patients only when
their benefit outweighs their increased risk to the fetus.
However, low-dose opioids (methadone, oxycodone) are in
category B and therefore pose less risk to the fetus while
being very effective for treating the worsening RLS symptoms that may occur and may worsen especially during the
later stages of pregnancy. When possible, the use of drug
therapy should be delayed until the third trimester when the
risk to the fetus is reduced. When opioids are used during
pregnancy, a neonatologist should be involved due to the
increased risk of neonatal opioid withdrawal syndrome.
As previously discussed, the low-potency opioids (codeine, pentazocine, meperidine) or medium-potency opioids
(hydrocodone, tramadol) are good choices for “as necessary
use” of intermittent mild RLS and should also be considered
for patients with daily RLS symptoms who get breakthrough
symptoms occurring earlier in the day (as the current FDAapproved drugs are only approved for evening use) or later
in the day. For more severe cases or for getting patients off
dopamine agonists, the more potent opioids (methadone,
oxycodone, levorphanol, morphine, fentanyl, and so forth)
are typically necessary. The physician must work closely
with the patient to find the lowest dose that relieves RLS
symptoms. However, most physicians, even specialists such
as neurologists and sleep specialists markedly underuse
opioids in these situations in which they are necessary and
in which alternative therapy either does not exist or is not as
effective.
In 2001, Walters et al. [142] reported on the long-term
use of opioid monotherapy for treating RLS in 36 patients at
3 different medical centers. Twenty of the patients continued
on opioid monotherapy (tilidine 25 mg and dihydrocodeine
60 mg in Europe, and oxycodone 5 mg, codeine 30 mg,
propoxyphene 65 mg, and methadone 10 mg in the U.S.)
despite the availability of other treatments and only 1 of the
16 who discontinued opioids did so due to addiction and
tolerance. Polysomnogram sleep studies performed on 7 of
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these patients after an average of 7 years showed a tendency
for a decrease in PLM and PLM arousals, as well as an
increase in stage 3 and REM sleep, total sleep time, sleep
efficiency, and a decrease in sleep latency. However, 2 of
these patients developed sleep apnea and a third had a
worsening of pre-existing sleep apnea.
Many RLS specialists prefer using methadone for severe
RLS patients who have failed dopamine agonists and anticonvulsants [143]. Furthermore, Silver et al. [91] found that
after 15 % of patients on methadone withdrew from this
drug in the first year of therapy due to side effects (similar to
pramipexole), no patients withdrew from this therapy for the
subsequent 9 years of treatment (compared to 90 % withdrawing from pramipexole for those 9 years). The medium
dose of methadone at 6 months was 10 mg and increased by
less than 10 mg after 8 to 10 years on this drug.
Side effects with opioids include dizziness, sedation, respiratory depression (caution in patients with sleep apnea,
chronic obstructive pulmonary disease), nausea, and constipation (many patients will need a stool softener, increased
fiber, or even an osmotic agent such as (MiraLax, MSD
Consumer Care, Inc., Memphis, TN)). As long as patients
have their doses monitored carefully, tolerance and dependence should be easily avoided. It may be necessary to avoid
prescribing these drugs to patients with a history of drug
abuse. Although methadone has been associated with QT
interval prolongation and possible torsades to pointes [144],
this typically occurs at much higher doses (>80–200 mg/day)
used for heroin addiction therapy compared to the much lower
doses used for RLS patients (5–40/day). However, it may be
helpful to get an electrocardiogram prior to prescribing methadone to avoid its use in patients with prolonged QT intervals.
Electrocardiograms can be performed once a year to follow
these patients, and the clinician should be aware of concomitant drugs that may further prolong the QT interval.

Other RLS Treatments
Intravenous Iron Infusion Therapy
As previously noted, Wang et al. [66] demonstrated an
improvement in RLS with oral iron in patients with lownormal serum ferritin levels (15–75 mcg/l). However, oral
iron does not get absorbed very well,(especially as the
serum ferritin increases), and many patients do not tolerate
iron due to gastrointestinal side effects. Several studies have
demonstrated a benefit from different intravenous iron formulations, including iron dextran 1000 mg [145, 146], iron
gluconate 150 mg (x 3 doses) [147], and iron ferric carboxymaltose 500 mg (x 2 doses) [148], but not for iron sucrose
1000 mg [145]. For iron dextran, the low molecular weight
preparation should be used as it does not cause anaphylactic
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reactions [149] and thus also avoids the need for premedication with diphenhydramine, which may exacerbate RLS.
The intravenous iron infusion effect can be very dramatic in
approximately 60 % of patients, but patients tend to relapse
after 3 to 36 months (when serum ferritin levels have typically decreased again), but these patients will respond to
subsequent iron infusion therapy. Earley et al. [123] has
calculated that RLS patients who respond to intravenous iron
therapy have a decline in weekly ferritin levels of 7.7±3.2
mcg/l/week compared to control normal subjects who decrease by <1 mcg/l/week. Iron therapy should be considered
for RLS patients with low serum ferritin levels who are failing
traditional therapy, especially if they also have anemia.
However, the long-term effects of repeated iron infusion therapy in this population have not been studied, so this treatment
should be instituted with caution.
Combination Therapy
There are many situations in which combination therapy can
make the difference between successful treatment and failure to provide adequate relief for patients suffering from
symptoms severe enough to affect their quality of life.
Physicians will often completely dismiss medications from
their pool of available drugs after they cause an intolerable
side effect at their effective dose or if they do not provide
adequate relief at their maximum approved dose. Once all
the typical drugs have been tried and have failed due to lack
of full efficacy or side effects, there may be no obvious
course of treatment available. Often, adding failed medications at lower doses together may circumvent the emergence
of side effects and their combination may provide effective
relief when any of the drugs alone has not been helpful.
In the opinion of the author and several other RLS
experts, dopamine agonist dosages should be kept at levels
lower than typically recommended (as previously discussed), and instead of increasing the dose when bothersome RLS symptoms persist, adding an anticonvulsant may
be a much better solution. If the anticonvulsant provides
inadequate relief or causes side effects at higher doses, an
opioid may then be added for further management. For
patients started on an anticonvulsant, the dose should be
increased until limited by side effects or lack of full efficacy,
and then a small dose of a dopamine agonist should be
added. If further relief is needed, an opioid should then be
prescribed.
Physicians should remember that patients often have
breakthrough RLS symptoms that are not relieved by their
maintenance therapy so patients should be provided with
either opioids or carbidopa/levodopa on an as needed basis
to take care of those breakthrough RLS symptoms.
Furthermore, as insomnia is so prevalent in RLS patients,
they should also not forget to provide a hypnotic when
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necessary to help their patients sleep. Serum ferritin levels
should be checked even when there are no signs of iron
deficiency anemia, and every effort should be made to raise
the serum ferritin >75 mcg/l [79].
Rotation Therapy
Some patients find that after several days or weeks the drug may
lose its efficacy or cause adverse effects. Typically, this is more
common with dopamine drugs or opioids. Therefore, rotating
these drugs every few days or weeks may prove successful.
Marijuana
There are no studies on marijuana for treating RLS, but
there is considerable anecdotal evidence from patients as
to its effectiveness. Typically, only 1 or 2 puffs of a marijuana cigarette or vaporizer is sufficient to relieve RLS
symptoms. It is not clear how long the relief lasts, as most
patients use this at bedtime, but they do report the very rapid
disappearance of their symptoms, which then helps them fall
asleep.
Exercise
There is only 1 study [150] that described the positive
benefits of resistance-training exercises performed 3 days
per week. Patients very frequently report that regular exercise is helpful for their RLS symptoms and will also use
stretching exercises or deep knee bends acutely in an effort
to relieve bothersome symptoms. However, vigorous exercise (such as training for a marathon run) often worsens RLS
symptoms.

Summary
RLS is a common medical condition and most patients can
be successfully treated easily with current FDA-approved
medications. Although dopamine agonists have been considered the drug of first choice, many RLS experts think that
currently the physicians may select a dopamine agonist or
anticonvulsant as their initial treatment.
For patients with more severe RLS or who do not respond adequately to first-line therapy, combination therapy
and the use of opioids should be strongly considered.
Despite the concerns of tolerance, dependence, addiction,
and other side effects, physicians who treat these more
advanced RLS cases should be ready to prescribe opioids
when necessary or refer the patient to a specialist who is
more experienced at treating these difficult cases. When 1
drug in a class fails, others should be tried, and occasionally
combination therapy with 3 or more drugs is necessary to
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provide appropriate relief for challenging cases. When all of
the avenues of treatment are explored, almost all RLS patents can be successfully treated.
Augmentation has now become one of the most common
causes of treatment failure and is most often misdiagnosed
and improperly treated, even by many specialists who see
these patients in consultation. Because of this problem,
some RLS experts believe that augmentation cases now
comprise 75 % or more of their referrals. Although we still
do not know how to prevent augmentation, severe augmentation problems might be avoided by keeping the doses of
the dopamine agonists as low as possible and by adding iron
therapy to raise the serum ferritin level >75 mcg/l.
Furthermore, increased awareness of this problem by physicians may enable the diagnosis of augmentation earlier and
changes in therapy before the problem becomes severe.
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