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Restless legs syndrome (RLS) is characterised by an urge to move the legs,Abstract
uncomfortable sensations in the legs and worsening of these symptoms during rest
with at least temporary relief brought on by activity. RLS occurs in 3–15% of the
general population and in 10–30% of patients on maintenance dialysis. RLS may
lead to severe sleep onset or maintenance insomnia, and greatly impaired quality
of life.
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Current recommendations suggest dopaminergic therapy (levodopa or
dopamine receptor agonists: pramipexol, ropinirole, pergolide or cabergoline) as
the first-line treatment for RLS. This group of medications is effective in reducing
RLS symptoms in the general population; limited information is available on the
effect of these drugs in patients with renal failure. However, it must be noted that
most published studies in uraemic patients had short treatment periods and
insufficient statistical power because of small sample size. Frequent adverse
effects of levodopa, seen mainly with continuous use, may limit its use signifi-
cantly. Rebound and augmentation, problems relatively frequently seen with
levodopa, seem to be less prevalent with the use of dopamine receptor agonists,
although properly designed comparative trials are still needed to address this
question. Alternative treatment options for RLS are gabapentin, benzodiazepines
and opioids. For all of these medications, there are only very limited data available
on their effectiveness and safety profile in patients on maintenance dialysis.
Referral to a specialist for RLS management should be considered for patients
with refractory RLS.

1. Restless Legs Syndrome (RLS) RLS often leads to severe sleep onset insomnia[7]

and seriously impaired quality of life.[7,8] In one
prospective study, RLS was associated with prema-Restless legs syndrome (RLS) is a senso-motor
ture discontinuation of dialysis sessions and signifi-disorder characterised by the following features: (i)
cantly increased the risk of mortality during aan urge to move the legs causing restlessness; (ii)
2.5-year follow-up in dialysed patients.[8] A similaruncomfortable sensations in the legs at the same
association was shown with PLMS and mortality intime; (iii) symptoms become worse during rest; and
patients with end-stage renal failure.[9]

(iv) motor (and often mental) activity leads to a
Not everybody who has RLS needs treatment.

temporary partial or complete relief of symptoms.
Pharmacological therapy for RLS is indicated only

The age of onset of the disorder varies widely, from
in patients in whom RLS leads to significant insom-

early childhood through to old age.[1,2] The symp-
nia or impaired quality of life as a result of RLS

toms are usually present deeply inside one or both symptoms. RLS is usually more troublesome in
lower limbs, but the arms may also become involved patients on dialysis than in other patients as they
in a substantial number of patients with progressive have to spend several hours 3–4 days a week im-
disease.[3] RLS is frequently associated with period- mobilised in a dialysis chair, which presents regular
ic limb movements in sleep (PLMS). periods of physical inactivity, largely precipitating

RLS symptoms.RLS was first described in 1672 by Thomas
Willis, who reported the case of a woman who

1.1 Diagnosis of RLSexperienced the sensory and motor features of
RLS.[4] These symptoms worsened during rest and RLS is classified into primary or idiopathic and
at night. It was not until 1945 that the Swedish secondary forms. Secondary RLS is usually associ-
neurologist, Ekbom, first fully characterised the ated with a variety of underlying medical disorders,
clinical picture.[5,6] such as iron deficiency, pregnancy, end-stage renal
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failure, rheumatoid arthritis and diabetes mellitus. Questionnaire (RLSQ), based on the diagnostic cri-
The diagnosis of primary RLS is based on the pres- teria of the IRLSSG, has been developed and vali-
ence of typical symptoms in the absence of any of dated.[17] This instrument was used in a recent epide-
these disorders. An autosomal dominant mode of miological survey,[18] and also in patients with end-
inheritance has been proposed with variable expres- stage renal failure.[7,19]

sivity,[10-12] and studies suggest that up to 92% of
individuals with primary RLS report a positive fami- 1.2 Epidemiology of RLS in Patients with
ly history.[2,13] Chronic Kidney Disease

RLS is best diagnosed by an experienced clini-
Symptoms of RLS occur in 3–15% of the general

cian. Clinical diagnostic criteria for RLS were estab-
population.[20,21] In recent publications, the diagnos-

lished by the International RLS Study Group
tic criteria for RLS established by the IRLSSG[14]

(IRLSSG)[14] and these have been recently modi-
were used. Reported prevalence is still quite varia-

fied.[15] This modification described four essential
ble, even in the general population (between 0.6%

diagnostic criteria of RLS: (i) an urge to move the
and 10.6%).[22-26] The prevalence is often higher in

legs, usually accompanied or caused by uncomforta-
women than in men,[23,24,27-30] and it increases with

ble and unpleasant sensations in the legs; (ii) the
age.[18]

urge to move or unpleasant sensations begin or
Very limited information is available on the epi-

worsen during periods of rest or inactivity such as
demiology of RLS in patients with chronic kidney

lying or sitting; (iii) the symptoms are partially or
disease not yet requiring dialysis, i.e. the predialysis

totally relieved by physical (and sometimes even
population. In a single-centre survey, using the

mental) activity, at least as long as activity contin-
RLSQ, our group found a 6% prevalence in 94

ues; and (iv) the symptoms are worse in the evening
patients with chronic kidney disease.[31] In patients

or night than during the day, or only occur in the
on dialysis, the reported RLS prevalence is between

evening or night. Polysomnography (PSG) may be
5% and 83%[7,19,32-38] (table I). This large variability

helpful to diagnose refractory RLS. In many pa-
could be, in part, attributed to heterogeneity of the

tients, PSG may also be helpful to recognise coexist-
study populations, but also to differences in case

ing PLMS.
definition and instruments used to diagnose RLS.

On the basis of scientific evidence and expert Recent studies, using the IRLSSG criteria, reported
opinion, the Medical Advisory Board of the Restless a more narrow range of prevalence between 7% and
Legs Syndrome Foundation suggested a pragmatic 33%, and the prevalence was similar throughout
classification that includes intermittent, daily and different countries in Asia, Europe and North
refractory types of RLS.[16] ‘Intermittent RLS’ is America (table I).[7,19,32,36,37,39-41] In all these studies
troublesome enough when present to require treat- enrolling dialysis patients, no clinical parameters or
ment but it is not sufficiently frequent to require socio-demographic characteristics were consistently
regular daily medication use. ‘Daily RLS’ requires associated with RLS.
daily treatment, and RLS is considered ‘refractory’ Only a few studies have reported on RLS in
when daily RLS does not respond to a dopaminergic kidney transplant patients. In one study of 11 pa-
agent or if intolerable adverse effects are exper- tients, the symptoms of RLS disappeared after trans-
ienced.[16]

plantation in all patients within 1 month, but reap-
Validated questionnaires may be useful in peared in those patients whose kidney graft had

screening large populations. Recently, the RLS failed.[51] Our group, using the RLSQ, assessed
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Table I. Studies reporting on the prevalence of restless legs syndrome in patients with end-stage renal disease

Study (year) No. of patients No. of centres Reported prevalence Use of IRLSSG 1995 criteria[14]

(%) +/– modification

Roger et al.[28] (1991) 55 40 No

Holley et al.[34] (1992) 70 1 83 No

Walker et al.[42] (1995) 54 1 57 No

Winkelman et al.[33] (1996) 204 1 20 No

Collado-Siedel et al.[35] (1998) 136 2 23 Yes

Hui et al.[43] (2000) 201 1 62 Yes

Huiqi et al.[44] (2000) 38 1 34 Yes

Miranda et al.[45] (2001) 166 2 26 Yes

Hui et al.[46] (2002) 43 1 70 Yes

Cirignotta et al.[36] (2002) 114 1 33 Yes

Kutner and Bliwise[47] (2002) 308 56 No

Sabbatini et al.[38] (2002) 694 21 37 No

Takaki et al.[37] (2003) 490 4 12 Yes

Goffredo et al.[40] (2003) 176 1 15 Yes

Bhowmik et al.[39] (2003) 121 1 7 Yes

Gigli et al.[41] (2004) 601 22 Yes

Mucsi et al.[32] (2004) 78 2 15 Yes

Unruh et al.[8] (2004) 894 80 15 No

Micozkadioglu et al.[48] (2004) 322 1 5 Yes

Rijsman et al.[49] (2004) 48 1 58 Yes

Molnar et al.[19] (2005)

dialysis 176 9 11 Yes

kidney transplant 816 1 4.8 Yes

Mucsi et al.[7] (2005) 333 9 14 Yes

Siddiqui et al.[50] (2005) 277 5 46 Yes
IRLSSG = International Restless Legs Syndrome Study Group.

about 1000 patients with kidney transplants and ure. This hypothesis is supported by the findings that
found that the prevalence of RLS was 5%, signifi- symptoms of the disorder improved promptly after
cantly lower than the value obtained in patients on successful kidney transplantation and returned in
dialysis.[19]

patients whose grafts had failed.[51] In a cross-sec-

tional study, involving >1000 transplanted and >200
1.3 Pathogenesis of RLS

waitlisted dialysis patients, we found that the preva-
The exact pathophysiology of RLS is as yet un- lence of the disorder was 11% in the waitlisted

known but it is widely accepted that it involves group versus 5% in the transplanted group.[19] Fur-
disruption of the dopaminergic function in the CNS. thermore, dialysis dose was a weak but significant
Several studies provide suggestive evidence point-

predictor of RLS in a multivariate model[7] in our
ing to dysfunction of subcortical brain areas in the

recent analysis. On the other hand, no treatment-condition, and there is increasing evidence support-
related factors (dialysis dose, length of dialysis,ing a proposed relationship between brain iron me-
surface or type of dialysis membrane) seemed to betabolism and RLS (for reviews see[52-54]).
consistently associated with RLS in surveys in dial-It is suggested that uraemic factors play a role in

the pathogenesis of RLS associated with renal fail- ysis patients.[7,35,37]

 2006 Adis Data Information BV. All rights reserved. Drugs 2006; 66 (5)
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More data are needed to substantiate the possible follow-up studies are also needed. Finally, outcome
role of uraemic factors in the pathogenesis of end- measures reported in the different studies also vary
stage renal disease (ESRD)-associated RLS. Addi- substantially. Periodic leg movement index (PLMI),
tional factors (neuropathy, anaemia, iron deficiency, sleep parameters obtained with PSG, subjective
comorbidity, immobilisation during therapy) are symptom-severity scales and quality-of-life mea-
clearly involved in the pathogenesis of RLS in pa- sures are used. It is not always possible to determine
tients with renal disease. in the different studies if an outcome is clinically

relevant or if an improvement is clinically signifi-
cant.2. Treatment of RLS

In spite of all the problems listed above, one can
The focus of this review is to provide a practical still conclude from the available data that after other

guide to the management of RLS in patients on potentially modifiable factors (anaemia, iron defi-
maintenance dialysis. Unfortunately, there are very ciency) were ruled out or corrected, the first-line
limited treatment data available in uraemic patients; drug treatment for RLS in dialysis patients should be
consequently, treatment recommendations for this dopaminergic therapy (levodopa or dopamine recep-
population are largely derived from extrapolation of tor agonists). Gabapentin, benzodiazepines and
data obtained in the general population. Specifical- opioids may provide viable treatment alternatives
ly, most of the recommendations suggested in this (table II).
review for uraemic patients coincide with the rec-
ommendations of the Medical Advisory Board of 2.1 Nonpharmacological Treatment
the RLS Foundation.[16] Although that paper, just as

Several substances can precipitate or aggravateours, builds heavily on available trial data, it cannot
symptoms of RLS, such as caffeine, alcohol andbe considered strictly ‘evidence based’.
nicotine. Tricyclic antidepressants,[55] selective se-Because of the scarcity of information in uraemic
rotonin re-uptake inhibitors,[56] lithium,[57]

patients, comment is made in this review on data
dopamine antagonists,[58] dopamine-blocking anti-obtained in the general population when discussing
emetics (such as metoclopramide) and sedative anti-different treatment options. In fact, most studies in
histamines may also worsen RLS symptoms.the general population are relatively small (except
Metoclopramide (for frequent nausea and vomiting)some of the more recent trials with dopamine recep-
and antihistamines (for distressing itch) are fre-tor agonists), and most trials also have problems
quently used in dialysis patients. It is the first step inwith their design. Large, prospective randomised
the treatment plan for RLS to stop these medicationsstudies comparing the efficiency and adverse-effect
if possible.profile of different drugs are still missing. Augmen-

Activities leading to mental alertness, such astation, a significant concern with the use of
video games and crossword puzzles may also reducedopaminergic treatment, has not been assessed and
RLS symptoms.[16]

compared systematically. Many trials, especially in
uraemic patients, had a crossover design. The sever-

2.2 Correction of Anaemia and Iron Therapy
ity of RLS fluctuates; therefore, comparing different
treatments at different timepoints raises some signif- Earlier studies frequently identified anaemia as a
icant concern. Furthermore, most studies are rela- risk factor for RLS in the ESRD population.[28,59]

tively short. As RLS is a chronic condition (although Correction of anaemia with erythropoietin de-
symptoms may wax and wane), data from long-term creased the PLMS index (number of PLMS per hour

 2006 Adis Data Information BV. All rights reserved. Drugs 2006; 66 (5)
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Table II. Drugs that may be considered for the treatment of restless legs syndrome (RLS) in dialysis patients

Agent Initial dose Maximal daily Dose adjustment in renal failure Removal by haemodialysis
(mg) dose in patients

on dialysis (mg)

Levodopa 50 200 Only small amounts of levodopa are Because of the large volume of
excreted unchanged in the urine; it is distribution and rapid metabolism, it is
unlikely that dose adjustments are doubtful that significant amounts would
necessary in renal failure be removed by dialysis

Pramipexole 0.125 1.5 Clearance of pramipexole is reduced in Pramipexole is not recommended in
patients with renal impairment and dose haemodialysis patients according to the
reduction is suggested product information

Pergolide 0.05 0.5–1 Clearance of pergolide is reduced in No data available
patients with renal impairment and dose
reduction is suggested

Cabergoline 0.5 2 Only small amounts of cabergoline are No data available
excreted in the urine; it is unlikely that
dose adjustments are necessary in renal
failure

Ropinirole 0.25 3–4 No difference in the pharmacokinetics of Removal by haemodialysis is unlikely
ropinirole in patients with moderate renal because of the relatively high volume of
impairment (CrCl between 30 and 50 mL/ distribution
min); and thus no dosage adjustment is
necessary. Use of the drug in patients with
severe renal impairment has not yet been
investigated

Gabapentin 100 after each 300 after each Renal impairment: CrCl 30–59 mL/min, Patients receiving haemodialysis should
dialysis dialysis 200–600 mg/day; CrCl 15–29 mL/min, receive gabapentin for RLS post-

100–300 mg/day; CrCl 15 mL/min, haemodialysis
100–200 mg/day. For patients with CrCL
<15 mL/min, reduce daily dose in
proportion to creatinine clearance

Oxycodone 5 15–20 Dose conservatively Insignificant

Tramadol 50 200 Dose administration interval needs to be During a 4-hour haemodialysis session,
increased for patients with CrCl <30 mL/ tramadol was significantly removed
min

Methadone 2.5–5 10–20 Dose administration interval needs to be No
increased for patients with renal
impairment

Clonazepam 0.25 2 Adjustments do not appear necessary in No
renal failure

CrCl = creatinine clearance.

of sleep) and improved quality of sleep in ten therapy. The results of another pilot study suggested
haemodialysis patients in the SLEEPO study.[60] that supplemental injections of ferrous gluconate
Iron supplementation might also be an effective 450mg (given as a course of three separate 150mg
treatment option for RLS symptoms.[61,62] In a dou- infusions over a 5- to 10-day period if symptoms of
ble-blind, placebo-controlled trial enrolling 25 dial- RLS returned after the initial dose, and provided the
ysis patients, parenteral iron-dextran therapy signifi- serum ferritin level was <200 µg/L) can sustain
cantly improved RLS symptom severity. The treat- improvements achieved with an initial dose of fer-
ment effect was seen during the first and second rous gluconate 1000mg.[62] Definitive controlled
week of treatment, but diminished later.[63] No sig- studies are clearly needed to substantiate these pre-
nificant adverse effect was associated with the iron liminary results.
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In recent years, parenteral iron has been used To date, four studies have been published that
more aggressively in dialysis units, and there are no report on the effect of levodopa on RLS in uraemic
data to substantiate whether a further increase in the patients (table III).[69,72-74] In an early study of eight
dose of parenteral iron in dialysis patients with RLS consecutive dialysis patients levodopa/carbidopa
would bring additional benefit. Further studies to improved RLS symptoms in six of eight patients.[72]

specifically address this question are needed. Levodopa was also effective in a randomised, dou-
ble-blind crossover study enrolling 17 patients with
idiopathic and 11 patients with uraemic RLS. The2.3 Dopaminergic Agents
drug significantly reduced the number of periodic
leg movements, and improved sleep quality and

2.3.1 Levodopa quality of life.[69] More recently, it was reported that
Levodopa is a short-acting drug with a rapid low-dose levodopa/carbidopa improved some of the

onset and offset of action.[64] It is rapidly absorbed polysomnographic sleep parameters in dialysis pa-
from the gastrointestinal tract and metabolised read- tients with nocturnal movement disorders.[74] In a
ily by the gut, liver and kidney to dopamine. The recent randomised, prospective crossover study en-
plasma half-life of levodopa is about 0.8–1.6 hours. rolling 11 patients on haemodialysis, slow-release
To prevent peripheral decarboxylation, levodopa is levodopa was less effective than ropinirole, a
usually administered together with a peripheral dopamine receptor agonist, in reducing RLS symp-
dopa-decarboxylase inhibitor (benserazide or toms and increasing sleep time.[75]

carbidopa). About 80% of the ingested levodopa is
Levodopa is effective in reducing RLS symptomsexcreted by the kidneys as metabolites (table II).

both in idiopathic and in uraemic RLS, and it hasSeveral studies, although most were relatively
been approved for the treatment of idiopathic andsmall, have established the efficacy of levodopa
uraemic RLS in several European countries. In long-with a peripheral decarboxylase inhibitor for the
term studies, up to 80% of the patients receivingtreatment of RLS in the general population (for
levodopa developed augmentation (see sectionreview, see[10] and[65]).[66] In the first double-blind,
2.3.3); therefore, current recommendations suggestcrossover, placebo-controlled trial lasting for 4
its use only for intermittent RLS.[16,81] The usualweeks, levodopa 200mg with benserazide signifi-
dose of levodopa to treat RLS is 100–200mg withcantly reduced the frequency of awakenings and the
either carbidopa or benserazide taken at bedtime.duration of awake periods in 13 non-uraemic pa-
There is no need to reduce dose in dialysis pa-tients with RLS symptoms.[67] Levodopa did not
tients.[69]

seem to improve objective measures of sleep effi-
ciency either after short-[66] or long-term administra-

2.3.2 Dopamine Agoniststion. This may be because of its short half-life, as
Both ergot-dopamine agonists (bromocriptine,levodopa/benserazide seems to be more effective in

pergolide and cabergoline) and non-ergot dopaminethe first hours after drug intake than at the end of the
agonists (pramipexole, ropinirole and rotigotine)night.[68,69] Adding slow-release levodopa to the
have been shown to be effective in treating RLS intraditional levodopa may improve effectiveness and/
the general population. The effect of dopamine ago-or tolerability.[66,70,71] Still, further studies are
nists develops 90–120 minutes after intake; thus, itneeded to establish if sustained release formulation
is recommended to take these medicines 2 hoursof the drug will have a more substantial effect on
before sleep.[16]sleep efficiency.
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Table III. Studies reporting on the pharmacological therapy of restless legs syndrome (RLS) in uraemic patients (pts)

Study (year) Study design No. of pts Comparator Outcome Adverse effects Effect size
Levodopa
Sandyk et al.[72] (1987) Open-label 8 Relief of symptoms
Wetter et al.[73] (1995) Randomised, controlled, 17 with PLMD and Placebo Decreased PLMI,

double-blind, crossover 11 uraemic pts with improvement in sleep
RLS quality

Trenkwalder et al.[69] Randomised, controlled, 11 HD, 17 idiopathic Placebo Decreased PLMI, No severe PLMI (uraemic pts):
(1995) double-blind, crossover improvement in sleep levodopa: 69 ± 59;

quality, improvement in placebo: 97 ± 53
quality of life

Walker et al. (1996)[74] Randomised, controlled, 5 HD Placebo Decreased PLMI, PLMI: levodopa 61 ± 28;
double-blind, crossover increase in the amount placebo 101 ± 29

of slow-wave sleep

Pramipexole
Miranda et al.[76] (2004) Open-label 10 HD Uncontrolled Improvement in Baseline: PLMI 109 ± 42;

IRLSSG severity scale IRLSSG scale 26 ± 6;
and PLMI End: PLMI 38 ± 27;

IRLSSG scale 8 ± 8

Ropinirole
Pellecchia et al.[75] (2004) Open-label, prospective, 11 HD Levodopa SR Ropinirole was superior Vomiting in one pt 6-Item IRLS score:

randomised, controlled, to levodopa SR in taking levodopa levodopa 17 ± 3 to 11 ±
crossover reducing 6-item IRLS 4; ropinirole 17 ± 3 to 4 ±

scores and in 4
increasing sleep time
and CGI scale

Pergolide
Pieta et al.[77] (1998) Double blind, controlled, 8 HD and CAPD Placebo 5 pts noted subjective Nausea, nightmares Baseline: PLMI 54 ± 22;

crossover improvement in RLS, End: PLMI 36 ± 12 (p =
PLMI did not change NS)

Gabapentin
Thorp et al.[78] (2001) Randomised, double 16 HD Placebo Gabapentin was more Lethargy Baseline: 6.9 ± 0.7;

blind, controlled effective than placebo placebo 5.8 ± 2.3;
crossover based on questionnaire gabapentin 3.0 ± 2.2

Micozkadioglu et al.[48] Open-label, controlled 15 HD Levodopa Gabapentin was more IRLSSG scale; median
(2004) effective based on (min./max.):

IRLSSG rating scale Baseline: 17 (14/20)
Levodopa: 10 (8/20)
Gabapentin: 3 (2/8)

Clonazepam
Read et al.[79] (1981) Open-label 15 with ESRD Improved
Braude and Barnes[80] Case report
(1982)
CAPD = continuous ambulatory peritoneal dialysis; CGI = Clinical Global Impression scale; ESRD = end-stage renal disease; HD = haemodialysis; IRLS = International Restless
Legs Scale; IRLSSG = International RLS Study Group; PLMD = periodic limb movement disorder; PLMI = Periodic Limb Movement Index; SR = sustained release.
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Currently, pergolide, cabergoline and ropinirole patients using these medications, should receive ap-
propriate counselling about this potentially seriousare the most studied dopamine agonists in the non-
condition, and removing driving privileges mayuraemic population, and they are suggested to be the
need to be considered in patients at high risk fordrug of choice in most patients with idiopathic and
these sleep attacks.secondary RLS requiring either daily or intermittent

therapy.[16] These drugs may be less likely to cause Further studies are needed to establish the role of
dose escalation in the case of augmentation withadverse effects than levodopa, but augmentation
different dopamine agonists. Similarly, additionalmay still occur. Furthermore, there is no large, well
data are needed on the use of these drugs in patientsdesigned study available that has compared
with different degrees of renal failure and also indopamine receptor agonists with levodopa or with
patients treated with different dialysis modalities.each other. In one small study that compared

ropinirole with levodopa in dialysis patients,
Pramipexole

ropinirole seemed to be superior in reducing RLS
Pramipexole is a dopamine agonist with a half-

symptoms and increasing sleep time.[75]

life of 8–10 hours and is mainly eliminated through
The most frequent adverse effects of dopamine the kidneys (table II). Most studies have enrolled

receptor agonists are mild and transient, including patients with no significant renal impairment. In
nausea, lightheadedness and fatigue. Less frequent three open-label studies, the administration of
adverse effects are nasal stuffiness, insomnia, con- pramipexole 0.125–1.6 mg/day resulted in improve-
stipation and leg oedema. These adverse effects are ment of RLS symptoms in 75–80% of patients.[87-89]

reversible if the medication is stopped. Ergot- In a randomised, controlled trial involving ten pa-
dopamine receptor agonists were reported to be as- tients, pramipexole (up to 1.5 mg/day) significantly
sociated with restrictive cardiac valve disease[82,83]

relieved RLS symptoms and also reduced the fre-
and also with an increased risk of pleuropulmonary quency of PLMS.[90] In a single-blind, placebo-con-
fibrosis.[84] In the opinion of the authors of this trolled, cross-over trial, pramipexole significantly
review, this serious adverse effect may preclude the improved the total score of the IRLSSG question-
use of these drugs in the long-term treatment of naire, sleep quality and daytime sleepiness, depres-
RLS. Finally, pramipexole, ropinirole and pergolide sion and quality of life in 11 patients with RLS.[91]

have been reported to be associated with falling The treatment effect seemed to be stable in longer
asleep during activities of daily living without warn- term follow-up studies.[92,93] With prolonged use,
ing (sleep attacks) both in patients with Parkinson’s augmentation did occur but it was usually mild and
disease and in patients with RLS.[85] These sleep manageable with increased doses early in the day.[93]

attacks may be related to excessive daytime sleepi- Another study did not confirm these results, and
ness related to the underlying disease or the found that augmentation and tolerance were com-
dopaminergic drugs used. On the other hand, a re- mon with extended use of pramipexole.[94]

cent survey suggested that the use of dopaminergic Only one study has examined pramipexole in
agents was associated with a reduced risk for sleep uraemic patients (table III).[76] In this study, 172
attacks.[86] According to the results of that survey (in patients on haemodialysis were screened using the
which male sex and older age were significant IRLSSG criteria; ten patients were enrolled in that
predictors of sleep attacks, with 70.8% of male RLS uncontrolled study. Patients were evaluated with the
patients >63 years of age reporting sudden onset of IRLSSG severity scale and PSG. Pramipexole
sleep), elderly male patients with RLS, and also 0.125–0.75 mg/day was well tolerated. The mean

 2006 Adis Data Information BV. All rights reserved. Drugs 2006; 66 (5)



616 Molnar et al.

score on the severity scale and the PLMS index on the 6-item International Restless Legs Scale
decreased significantly during the study period. (IRLS) and significantly increased sleep time.[75]

However, sleep latency, total hours of sleep, number Four patients reported complete disappearance of
of awakenings and sleep efficiency showed no sig- RLS symptoms while taking ropinirole. No adverse
nificant change.[76] event was detected during ropinirole administration

in this study.Pramipexole should be started at a dose of
0.125mg once daily. The dose may be increased by The initial dose is 0.25mg once daily 1–2 hours
0.125mg every 2–3 days until relief is obtained. before bedtime. The dose may be increased by
Most patients require ≤0.5mg but higher doses may 0.25mg every 2–3 days. The majority of the patients
be needed in some. The daily dose should probably require ≤2mg but doses up to 8 mg/day may be
not exceed 0.75mg in dialysis patients, although this necessary. The drug is probably not removed by
has not been systematically studied.[76] haemodialysis and no dose reduction seems to be

necessary when administered to patients with renal
Ropinirole

impairment.
Ropinirole is a synthetic dopamine agonist with

relatively greater D3 and D4 affinity than dopamine,
Pergolide

bromocriptine and pergolide.[95] The half-life of
Pergolide is a long acting D1 and D2 receptorropinirole is 6–8 hours and it is mainly excreted by

agonist with a half-life of approximately 12–16the liver (table II).
hours; the major route of excretion is the kidneyAlthough the trials with ropinirole to date have
(table II).been relatively short, their results suggest that the

Pergolide significantly reduces RLS symptomsdrug alleviates RLS symptoms. Results from two
and PLMS, and improves sleep quality and sleeprandomised, placebo-controlled, double-blind,
time. Several small randomised, double-blind stud-12-week trials (TREAT RLS [Therapy with
ies demonstrated a beneficial effect of pergolide onRopinirole; Efficacy And Tolerability in RLS] 1 and
PLMI, RLS symptom severity and sleep in the gen-2) showed that ropinirole is effective in the treat-
eral population.[101-103] Pergolide was superior toment of RLS.[96,97] These results were confirmed in
levodopa treatment in a small randomised, double-two subsequent trials.[98,99] In a small randomised,
blind, crossover trial.[101] Pergolide with domper-controlled trial, ropinirole significantly decreased
idone was also effective in patients with severe RLSPLMS and RLS symptoms. Adverse effects were
who had previously experienced augmentationdose related.[100] Ropinirole was associated with im-
while receiving long-term treatment with lev-proved severity scores on the IRLSSG severity
odopa.[104] A recent large randomised, double-blindscale, and also with complete resolution of the
study confirmed that pergolide is more effectivesymptoms in about 35% of the patients receiving the
than placebo in treating RLS.[105]drug.

In a small study enrolling eight patients on long-Only one study involving dialysis patients has
term haemodialysis or continuous peritoneal dialy-been reported to date (table III). In this open,
sis in a double-blind, placebo-controlled and cross-randomised, crossover trial enrolling eleven patients
over design, five of eight patients noted subjectiveon maintenance haemodialysis, the efficacy and ad-
improvement of the symptoms of RLS and sleepverse effects of ropinirole versus sustained-release
quality (table III).[77] However, the patients contin-levodopa were compared.[75] Ropinirole was superi-
ued to have very disrupted sleep and an objectiveor to sustained-release levodopa in reducing scores
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improvement in sleep architecture could not be doc- by increasing the dose administration frequency of
umented.[77] the drug, but more commonly the drug has to be

stopped and substituted with an alternative medica-Pergolide is associated with restrictive cardiac
tion. At the present time, it is not possible to com-valve disease in patients with Parkinson’s disease[83]

pare the prevalence of augmentation with the differ-and it is also associated with an increased risk of
ent dopaminergic treatments, as several studies havepleuropulmonary fibrosis.[84] These risks, in our
not reported such prevalences or they were too shortopinion, would be likely to preclude its use in RLS.
to detect the phenomenon. Furthermore, in studies

Cabergoline reporting prevalence data, augmentation was not
In a randomised clinical trial of 85 patients with assessed in a standardised way.

severe RLS, cabergoline 0.5–1.2 mg/day was more
2.4 Nondopaminergic Agentseffective than placebo in treating RLS symp-

toms;[106] 6 of 66 patients treated with the drug
2.4.1 Gabapentinreported mild augmentation. Other studies also con-
Gabapentin is an anticonvulsant, with a half-lifefirmed the effectiveness of cabergoline in the treat-

of 5–7 hours which is increased to approximatelyment of RLS.[107-110] Cabergoline has a long half-life
132 hours in dialysis patients (table II). Gabapentin(65 hours) and it is metabolised mainly in the liver.
is primarily excreted through the kidneys.Dose adjustment in patients with renal impairment

The first suggestion of the effectiveness ofdoes not seem to be necessary; however, no data are
gabapentin in RLS in the general population wasavailable with cabergoline in the ESRD population.
published in 1997.[114] Similar results were reported

2.3.3 Augmentation and Rebound in several small studies.[115,116] The first randomised,
The use of levodopa, especially for prolonged placebo-controlled trial with gabapentin was pub-

periods, is significantly hampered by problems such lished in 2002.[117] Twenty-four patients were evalu-
as tachyphylaxis, rebound, recurrence and augmen- ated using the RLS Rating Scale and the Pittsburgh
tation. A decreasing response with continuous use Sleep Scale. Gabapentin was associated with re-
(tachyphylaxis) of levodopa has been reported in duced symptoms, PLMS index and improved sleep
some but not all studies. In about 25% of the patients architecture compared with placebo.
treated with levodopa, RLS symptoms may recur in Two trials enrolling dialysis patients have recent-
the second half of the night (recurrence) or early in ly been reported (table III).[48,78] In a randomised,
the morning when the effect of the drug is wearing double-blind, placebo-controlled, crossover study
off (rebound).[69,111] involving 16 patients on maintenance haemodial-

Augmentation is defined as earlier onset of ysis, gabapentin 200–300mg given after each
symptoms, increased intensity of symptoms, or haemodialysis session was associated with signifi-
spread of the symptoms to other body parts, early cant clinical improvement of RLS symptoms.[78]

during the day after an evening dose of medication. Eleven patients responded to gabapentin, one patient
Augmentation has frequently (35–85%) been seen responded to both drugs and one patient responded
in patients treated with levodopa,[71,111] but it has only to placebo. Two patients dropped out because
also been reported in patients taking per- of lethargy caused by gabapentin. A recent study,
golide,[112,113] and pramipexole.[94] Studies with involving 15 patients on maintenance dialysis, com-
ropinirole were usually too short to detect augmen- pared gabapentin with levodopa. Gabapentin
tation. Mild forms of augmentation may be managed seemed to be more effective than levodopa[48] in
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improving some domains of quality of life, sleep and proper counselling and follow-up should be
quality, sleep disturbances and sleep latency.[48] provided when considering benzodiazepines (or, for

similar reasons, opioids).Gabapentin may be alternative therapy for daily
RLS[16] in patients who perceive their RLS as pain-

Clonazepamful. The drug may also be useful when RLS occurs
Clonazepam is a benzodiazepine with a half-lifein the setting of a painful peripheral neuropathy or

of 18–50 hours (table II). It is mainly eliminatedan unrelated chronic pain syndrome.
through the liver; therefore, dose adjustment doesAs gabapentin is mainly excreted through the
not seem to be necessary in patients with renalkidneys and its half-life is greatly prolonged in
failure.patients with renal impairment, the dose of the drug

The first randomised, placebo-controlled, doub-needs to be reduced substantially in dialysis pa-
le-blind trials examining the effectiveness oftients. For the treatment of RLS in dialysis patients,
clonazepam in RLS reported conflicting re-the suggested dose is 100–300mg given after each
sults.[123,124] In a subsequent paper, reporting on 20dialysis session (assuming three 4-hour dialysis ses-
patients with PLMS, clonazepam 0.5–2mg eachsions per week). In a case study reporting on two
night effectively reduced the number of leg move-patients on haemodialysis, gabapentin seemed to be
ments. PSG demonstrated a significant decrease inassociated with symptomatic myopathy.[118]

the number of leg movements and significant im-
2.4.2 Benzodiazepines provement in sleep parameters in the clonazepam
Benzodiazepines are also used to treat RLS. group compared with placebo.[125] These results

Clonazepam is employed most frequently but spo- were confirmed in a similar study.[126]

radic data with other benzodiazepines (diazepam, The first report using clonazepam in a renal pa-
temazepam) have also been reported.[119] Benzodi- tient was published in 1981.[80] In an open trial, 14 of
azepine receptor agonists (zolpidem, zapelon, 15 patients with ESRD and RLS responded to
triazolam) may also effectively improve sleep-onset clonazepam 1–2 mg/day (table III).[79]

insomnia, frequently associated with RLS. Because Clonazepam may be a potential alternative, espe-
of the lack of clinical trials, RLS experts recommend cially in those whose leading complaint is signifi-
the use of benzodiazepines or benzodiazepine ago- cant insomnia, to treat RLS in dialysis patients at a
nists only in intermittent RLS.[16,120,121] The main dose of 0.5–2 mg/day.
mode of action of benzodiazepines is improving
sleep quality, rather than movement disorder;[122] 2.4.3 Opioids

therefore, this group of medications may be consid- Opiates were first suggested for RLS by Willis in
ered for patients in whom the leading complaint is 1684.[127] The finding that the endogenous opioid
clinically significant insomnia. system may play a role in the pathogenesis of RLS

Benzodiazepines are associated with a number of provided theoretical foundations to the suggestion
adverse effects, including drowsiness, ataxia, som- that opioids might, indeed, have a therapeutic effect
nolence, diplopia, dysarthria, respiratory depression, in RLS.[128] A variety of opioids including codeine,
confusion (primarily in the elderly) and paradox oxycodone,[129] methadone,[130] tramadol[131] and
reaction. Benzodiazepines may also facilitate ob- propoxyphene[68,132] have been reported to be poten-
structive sleep apnoea. Finally, there are concerns tially useful in treating RLS in uncontrolled tri-
regarding the potential for dependency. Consequent- als.[133] Opioids seem to have long-term efficacy in
ly, risks and benefits should be weighed carefully, the treatment of RLS and PLMS, but clinical and
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PSG parameters should be periodically monitored to 3. Overall Treatment Recommendation
for Dialysis Patientsdetect the potential development of sleep ap-

noea.[132]

RLS is very probably underdiagnosed and under-
The Medical Advisory Board of the RLS Foun- treated in both the general population and in patients

dation recommends low-potency opioids (such as with ESRD. This is particularly unacceptable as
RLS may be the cause of severe sleep-onset orpropoxyphene or codeine) or opioid agonists
maintenance insomnia, and it significantly impairs(tramadol) for treating intermittent RLS, and this
quality of life. Furthermore, effective treatment op-medication can also be an alternative for treating
tions are available. On the basis of the proposed

daily RLS.[16] For patients with refractory RLS,
pathophysiological mechanisms and experimental

high-potency opioids (such as oxycodone, hy-
data, we suggest that the recommendations of the

drocodone or methadone) or tramadol may be use- Medical Advisory Board of the RLS Foundation,
ful.[16] No data are available on the effectiveness of [16,81] which are designed for use in the general
opioids in treating RLS in patients on maintenance population, should also be followed in patients with

significant kidney disease. These recommendations,dialysis. Because of potential accumulation of me-
although they build heavily on existing clinical re-tabolites leading to significant adverse effects, pro-
search data, are openly based on expert opinion. Itpoxyphene should not be regularly administered to
should also be noted that only a few studies have

patients on dialysis.
been reported on the treatment effect of the medica-
tions used to treat RLS in patients on dialysis. Fur-

2.4.4 Other Medications
thermore, many of these published studies were

Some other drugs may also be effective in the short and had insufficient statistical power because
therapy of RLS in selected patients; data regarding of their small sample size.
these drugs are from a small number of mainly open RLS should only be treated in patients with se-

vere and troublesome symptoms, which impair qual-studies.
ity of life and/or sleep. Renal anaemia and ironThe first randomised, double-blind, crossover
deficiency should be corrected with appropriate ad-study of a dopamine agonist used bromocriptine, an
ministration of erythropoietin and intravenous iron.

ergot-dopamine agonist (7.5mg at bedtime).[129]

Medications should be employed alongside non-
Both carbamazepine[130,131] and valproic acid[134]

pharmacological treatment options (such as absti-
have been tested in patients with RLS, and both nence from caffeine, nicotine and alcohol, discon-
drugs showed efficacy in relieving RLS symptoms tinuation of drugs potentially precipitating or aggra-

vating RLS symptoms, and mental alertingand arousals associated with PLMS. The short-act-
activities).ing benzodiazepine agonist zolpidem may be used

Dopaminergic therapy is the mainstay of pharma-for intermittent RLS, especially if the patient has
cological therapy in patients on dialysis. At thesignificant sleep-onset insomnia.[135] Clonidine
present time, there are not sufficient data to establish

could also be used as an alternative treatment for
whether any one of these drugs is more effective or

mild, intermittent RLS.[136]
has fewer adverse effects than the others, since well

No data have been published about the use of designed, comparative studies have not been pub-
these drugs to treat RLS in uraemic patients. lished. In intermittent RLS, such as symptoms oc-
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