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Restless legs causes restless nights, poor sleep, and tired days. (Drawn by Lucy Yates.)
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INTRODUCTION

The Restless Legs Syndrome (RLS) is a com-
mon movement disorder with sensorimotor
symptoms that are felt during quiet wakeful-
ness and getting to sleep. Recently, Yoakum
1994 described it as the ‘the most common
disorder you've never heard of’, a rather apt
phrase. The term ‘Restless Legs Syndrome’ was
first introduced in 1945 by Karl-Axel Ekbom,
and it is known as Ekbom’s syndrome (Ekbom
1945). The syndrome can present in primary or
secondary care, is still under-recognized and is
often regarded as a neurosis (Chaudhuri et al.
2001). In spite of being treatable, the RLS is gen-
erally poorly managed and often inappropriate
drugs are prescribed.

HISTORY

The earliest description of restless legs associ-
ated with sleep problems was probably by Sir
Thomas Willis (1672), an English physician, in
a chapter entitled ‘Instructions for Curing the
Watching-Evil’:

‘Wherefore to some, when being abed they
betake themselves to sleep, presently in the
arms and leggs, leapings and contractions to
the tendons, and so great a restlessness and
tossing of their members ensue, that the dis-
eased are no more able to sleep, than if they
were in a place of greatest torture’

Inthe 19th century, Wittmaak 1861) used the
term ‘anxietas tibiarum’ to describe a syndrome
similar to the RLS, while in France the term ‘im-
patience musculaire’ was used.

HOW COMMON IS THE
RESTLESS LEGS SYNDROME?
Epidemiological studies are limited by the lack  Karl-Axel Ekbom, the Swedish neurologist
of application of standard criteria and the in-  and surgeon, who described, systematically
termittent nature of the symptoms. Pre-1995, characterized and named the Restless Legs
Ekbom himself estimated a 5% prevalence in  Syndromein 1945.
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the general population (Ekbom 1960) while
later studies reported figures from 1 to 29%
(Strang 1967; Lavigne & Montplaisir 1994).
Since 1995, studies have been better and sur-
veys in white populations suggest an adult
prevalence from 5 to 15% (Montplaisir et al.
1997; Rothdach et al. 2000; Ondo 2002). Based
on these current estimates, there must be a few
million sufferers in the UK alone. There are no
prevalence figures for black populations. Low
(5%), and even lower (0.1%), rates have been
reported in Japanese and Singapore Chinese
populations, respectively (Kageyamaet al.2000;
Tanet al. 2001).

ASSOCIATIONS OF THE
RESTLESS LEGS SYNDROME
Various associations have been made with
the RLS, and the three key conditions are iron
deficiency anaemia, pregnancy and uraemia/
dialysis:

Iron deficiency anaemia

Mathews (1976) suggested that 43% of patients
with iron deficiency may have ‘leg restlessness’.
Later studies have shown reduced CSF ferritin
and raised transferrin levels in idiopathic RLS,
suggesting alow brainiron content (Earley et al.
2000). Allen et al. (2001) used MRI in five RLS
patients and five matched controlsand reported
that iron concentration was significantly lower
in RLS patients, in the putamen and substantia
nigra. There is circumstantial evidence that
serum iron levels have a circadian variation with
up to a 50% drop at night when the symptoms
of RLS are most obvious (Garcia-Borreguero
et al. 2002a).

Pregnancy

During pregnancy, RLS has been reported in
11-27% of women, usually during the third
trimester (Goodman et al. 1988). The RLS often
resolves following delivery.

Uraemia
20-57% of renal dialysis patients have the RSL
(Winkelmann et al. 1996).

Other metabolic conditions

The RLS may be associated with hypothyroid-
ism and diabetes mellitus. RLS has also been
reported in up to 25% of patients with rheuma-
toid arthritis and Sjogren’s syndrome although
this association remains controversial (Ondo
et al. 2000).

Peripheral neuropathy

The frequency of RLS in patients with large and
small fibre neuropathies varies, ranging from 5
t0 9%, not really more than in controls (Rutkove
et al. 1996).

Periodic limb movements in
sleep

Periodic limb movements in sleep were first
reported by Lugaresi et al. in (1965). Polysom-
nographic studies have recorded more than
five movements per hour in up to 88% of RLS
patients (Montplaisiret al. 1997). Prevalence es-
timates of periodic limb movements range from
6% in the general population to 58% in a sub-
population of subjects over 60 years old (Hen-
ning et al. 1999). Periodic limb movements can
occur in the lower and even upper limbs dur-
ing quiet wakefulness as well. Periodic limb
movements are also associated with insomnia/
hypersomnia, the narcolepsy syndrome, REM
behaviour disorder and neuroleptic use

Parkinson’s disease

The association of the RLS with Parkinson’s dis-
ease is controversial and studies are limited by
the confounding effects of dopaminergic drugs,
akathisia, dyskinesias and the non-motor symp-
toms of Parkinson’s disease (Appiah-Kubi et al.
2002; Ondo et al. 2002).

PATHOPHYSIOLOGY

The underlying cause of both RLS and periodic
limb movements during sleep is not known,
although central dopaminergic or opioid dys-
function is the most likely (Rye 2002). A variety
of other aetiologies including central and pe-
ripheral nervous system involvement, vascular,
genetic, iatrogenic and metabolic components
have been proposed (Chaudhuri etal. 2001).
The pathophysiological basis of RLS is likely to
originate from dysfunction of the dopaminergic
and/or dopamine linked premotor circuits and
the hypothalamic A1l dopamine cells, which
converge and descend on the spinal flexor reflex-
es that are disinhibited as a result (Fig. 1). The
final common pathway is influenced by many
other supraspinal influences such as the reticu-
lospinal, opioid and monoamine pathways. The
evidence comes from Single Photon Emission
Computed Tomogaphy and Positron Emission
Tomography scanning studies although the re-
ported results vary (Turjanski 1999; Eisenhsehr
et al. 2001). The dopaminergic basis of the RLS
isalso supported by the often dramatic response

BLAdOD Aq paloalold 1sanb Ag TZ0z ‘9z Jaquialdas uo wod fwg ud;/:dny wouy papeojumod "€00z 1ISNBNY T U0 X'09T60°€00Z 99,277 T /9¥0T 0T Se paysiiand isiy :joInaN 10eld


http://pn.bmj.com/

All
Dopamine cells

Nigrostriatal
dompaminergic system

Striatal opiate

neurotransmission \

Genes
Chr 12
Chr 14

Diencephalospinal
dompaminergic system

Spinal flexor reflex afferent
Other monoaminergic / system disinhibition

| Reticulospinal

pathways

A

system

J{ threshold for
segmental spread

‘ Restless legs syndrome/periodic limb movements

to dopaminergic drugs (see below) and recent
reports of amelioration of the RLS and periodic
limb movements in Parkinson’s disease follow-
ing pallidotomy and deep brain stimulation
(Mandal et al. 2002; Rye & DeLong 1999)

THE GENETIC BASIS OF THE
RESTLESS LEGS SYNDROME
The RLS hasastrong genetic predisposition and
Ekbom himself suggested autosomal dominant
inheritance. 55% of cases with idiopathic RLS
may have a family history of RLS (Winkelmann
2002) and first and second degree relatives have
a significantly higher risk of the RLS compared
with controls (Allen et al. 2002). RLS appears to
follow a Mendelian autosomal dominant mode
of inheritance (particularly in young onset
cases) and ‘anticipation’ (earlier age of onset in
later generations) has been proposed in some
families (Trenkwalder et al. 1996).

Recently, Desautels et al. (2001) reported the
first susceptibility locus for the RLS on chromo-
some 12q in a French-Canadian family. The
genes involved may be the timeless gene and
the gene encoding neurotensin, a neuropeptide
thought to be a neuromodulator of dopami-
nergic neurotransmission. However, the true
mode of inheritance in this family is autosomal
recessive. Linkage to Chromosome 14 in two
Italian families has also been reported (Bonati
etal. 2003)

DIAGNOSIS, CLINICAL
FEAURES AND DIFFERENTIAL
DIAGNOSIS

The International Restless Legs Syndrome
Study Group has proposed diagnostic criteria
for the RLS (Walters 1995). Revised criteria
were formulated during a consensus conference
held at the National Institutes of Health in 2002
in Bethesda, Maryland, USA. There are four es-
sential ‘minimum’ criteria that are all necessary
for the diagnosis (see Table 1).

The key feature is the urge to move the limbs,
accompanied or caused by uncomfortable,
unpleasant sensations in the legs, and relief on
activity. Any kind of sensation may be amanifes-
tation of the RLS and a wide variety of descrip-
tions have been used ranging from ‘painful’ or
‘burning’to‘Elvislegs’ (Table 2). The symptoms
are bilateral although occasionally one leg may
be more involved than the other. Sometimes
the arms or other body parts are involved as
well as the legs. This need to move, and the
unpleasant sensations, are exclusively present
or worsen during periods of rest or inactivity,
such as lying or sitting, and are generally worse
or exclusively present in the evening or at night
in bed before going to sleep. The need to move,
as well as the unpleasant sensations, is partially
or totally relieved by movement such as walking
or stretching, at least for as long as the activity
continues. Armrestlessness hasbeen reportedin
almost half the patients with idiopathic RLS in
one series (Montplaisir et al. 2000).

AUGUST 2003

Figure 1 Possible
pathophysiological basis of the
Restless Legs Syndrome and
periodic limb movements.
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Table 1 Essential criteria for the diagnosis of Restless Legs Syndrome

Minimum diagnostic criteria
Urge to move the limbs (previously motor restlessness)
Usually associated with para/dysaesthesia
Symptoms worse or exclusively present at rest
Partial/temporary relief with activity
Symptoms worse in the evening or at night
Additional features
Supportive features
Dopaminergic drug responsiveness
Periodic limb movements during sleep
Positive family history
Associated features
Chronic progressive course with periodic exacerbations
Normal neurological examination (except sometimes
peripheral neuropathy)
Sleep disturbance

Table 2 Some descriptions used by patients with the
restless legs syndrome

Like an electric current
Crazy legs

Like Coca-Cola bubbling through my veins
Achingin my bones

Pulling

Elvis legs

Tearing

Throbbing

Creepy crawly

Pain

Like a toothache in the legs
Growing pains

Itching bones

Table 3 The differential diagnosis of the restless legs syndrome

Nocturnal leg cramps
—but no relationship with rest, and no relief on activity
Akathisia
— excessive movements, without specific sensory complaints, any time of day,
neuroleptic use
Peripheral neuropathy
- not usually associated with motor restlessness or helped by movement
Vascular disease such as varicose veins or deep vein thrombosis
Painful legs and moving toes syndrome
Nocturnal dyskinesias in Parkinson’s disease
Sleep onset myoclonus/hypnic jerks
Attention Deficit Hyperactivity Disorder in children

© 2003 Blackwell Publishing Ltd

Misdiagnosis is common and in some cases
the true diagnosis may be considerably delayed.
The symptoms commonly cause severe sleep
disruption and although the movements or
voluntary actions, such as pacing up and down,
shaking or rubbing the limbs, usually relieve the
symptoms temporarily, this all adds to the sleep
disturbance. Failure to recognize the implica-
tions of the RLS, and so not offering any effec-
tive treatment, may make some patents severely
depressed and even suicidal.

Phenotypically the RLS is divided into young
(< 45 year) and late onset (> 45 years) groups.
Young onset RLS is usually familial and more
likely to be progressive, while the latter is milder
and more often associated with low blood fer-
ritin levels.

The differential diagnosis includes other
conditions of motor restlessness with sensory
symptoms or disagreeable feelings in the legs
(Table 3). In practice, the most common con-
founders of the diagnosis of the RLS are noc-
turnal leg cramps, and akathisia where there is
an inner restlessness, and an urge to move, but
here the lower limb movements are faster, there
is no circadian rhythm, there is often a history
of neuroleptic/dopaminergic use, and there are
no or few sensory symptoms. The uncommon
syndrome of painful legs and moving toes has a
similar anatomical distribution to the RLS but
is not relieved by movement. ‘Vesper’s curse’
a condition associated with congestive heart
failure, is characterized by engorgement of the
lumbar veins at night, which brings about a
transient stenosis of the lower spinal canal caus-
ing nocturnal pain in the lower limbs extending
to the lumbosacral region.

INVESTIGATIONS

The RLS is diagnosed clinically and so a thor-

ough clinical history from the patient and part-

ner is essential. Most cases do not need specific
laboratory investigations. The three main and
partially reversible causes of RLS are iron de-
ficiency anaemia, pregnancy and renal disease

(usually advanced renal failure). The symptoms

of the RLS may rarely be a secondary feature of

the following primary conditions:

« peripheral neuropathy, e.g. Charcot-Marie-
Tooth disease (axonal form) (Hereditary
Motor Sensory Neuropathy)

+ rheumatoid arthritis

¢ diabetes mellitus

 hypothyroidism

+ Parkinson’s disease
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Figure 2 Polysomnography showing severe periodic limb movements (LM) during sleep. (Courtesy Adrian Williams, St Thomas’

Hospital, London.

¢ attention deficit disorders

* spinocerebellar ataxia (types 2 and 3).

Thus patients should have tests to exclude iron
deficiency anaemia (including blood ferritin
level), renal function tests and blood glucose.
Ferritin is the primary storage unit for iron and
correlates inversely with RLS severity; blood
levels below 45 pg/L need treatment with iron
supplementation.

Some patients with severe RLS and insomnia
may require sleep tests using polysomnogra-
phy. Periodic limb movements during sleep
(detected by EMG recordings, usually of tibi-
alis anterior) correlate strongly although indi-
rectly with the RLS, and this is useful both for
diagnosis and monitoring treatment (Fig. 2).
Periodic leg movements are defined as repeti-
tive flexing of the lower limb joints (hip, knee
or ankle) and occasionally the upper limb, and
dorsiflexion or fanning of toes, for periods of
0.5-5 sat intervals of 5-90 s during sleep (Atlas
Task Force of the American Sleep Disorders As-
sociation 1993). The degree of leg movement is
classified according to the frequency of periodic
limb movements, and more than five per hour
of sleep is thought to be pathological. The peri-
odic limb movement arousal index is also useful
and indicates the number of events temporally

associated with arousal per hour (as shown by
concomitant EEG recordings).

TREATMENT OF THE
RESTLESS LEGS SYNDROME
Notall patients with RLS need pharmacological
treatment. Proper diagnosis, ‘telling’ and reas-
surance are important and may be enough.
However, anecdotal observations suggest that
about 20-25% of patients are affected severely
enough to need specific treatment. The factors
influencing treatment decisions are:

* The age of the patient (e.g. worry about
adverse effects of benzodiazepines in the
elderly).

* Symptom severity frequency and regularity
of symptoms (some patients have significant
symptoms only from time to time).

* Comorbidity (such as cardiac disease) and
pregnancy.

Various treatment strategies are available

but often there is a dramatic initial response

to levodopa or dopamine agonists; the latter
are currently regarded as first line treatment

(Fig. 3). Although there is a considerable body

of evidence supporting dopaminergic therapy,

it is confounded by issues surrounding accu-
racy of diagnosis, recruitment bias within study

© 2003 Blackwell Publishing Ltd
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Diagnosis of the
restless legs syndrome

Exclude iron deficiency and other

> < Avoid drugs worsening restless legs syndrome
2° causes i i
Iron deficiency Paroxysmal non-severe restless legs Severe restless legs syndrome needing treatment
(Serum ferritin < 45mcg/L) syndrome l
Add oral iron Sleep hygiene (table 3)

Non-pharmacological measures

Contact the Ekbom Support
Group, or the RLS:UK

Evening dose dopamine agonists (levodopa if intolerant
to dopamine agonists)

}

Augmentation or
rebound

v

Try

dopamine agonist (tid/bid)
cabergoline

gabapentin

carbamazepine

Associated insomnia 4—‘—» Painful restless legs syndrome

! ;
opiates

Add clonazepam gabapentin

Figure 3 Asuggested flow chart for treatment of the Restless Legs
Syndrome (RLS). Severity of RLS can be assessed by subjective

questioning and a RLS severity rating scale (Allen et al. 2002). As
firstline, any dopamine agonist may be used but to date there are

no reports of augmentation with ropinirole or cabergoline use. Our
own experience suggest that cabergoline may be usefulin cases with

augmentation.

Table 4 Sleep hygiene forthe restless legs syndrome

Quiet, comfortable and cool sleeping environment
Avoiding tea/coffee before bedtime

Avoiding diuretics before bedtime

Some people find it helps to sleep late and rise late

© 2003 Blackwell Publishing Ltd

populations, small numbers of patients studied,
and lack of parallel group and head to head
comparative studies of different treatments.
Inmany patients, non-pharmacological mea-
sures such as advice on sleep hygiene (Table 4)
and avoidance of stimulants or aggravating
drugs at night is sufficient (e.g. antidepressants,
calcium antagonists, antiemetics except dom-
peridone, high intake of caffeine, phenytoinand
alcohol). In iron deficiency anaemia character-
ized by low ferritin states, iron supplementation
should be tried first.
During an attack of RLS the following activi-
ties can be helpful:
+ Walking and stretching, hot or cold bath,
relaxation exercises (biofeedback or yoga).
+ Anengaging discussion or activity during sit-
ting to distract the mind.
+ Massaging affected limbs.

Levodopa

Currently, there are 15 published studies, in
relatively small numbers of patients, using a
single evening or divided dose of levodopa
with a decarboxylase inhibitor, at doses varying
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between 100 and 600 mg as a single dose in the
evening. Thisconsistently reduces periodic limb
movements during sleep and RLS symptoms in
the early part of the night but less so later in the
night (Henning et al. 1999). Unfortunately, up
to 80% of patients on levodopa may develop
augmentation — the symptoms occur progres-
sively earlier in the day and spread beyond the
legs to the upper limbs (Allen & Earley 1996).
Another problem is rebound — worsening of
symptoms in the early morning. Controlled re-
lease formulations at night may offer a theoreti-
cal advantage and Sharif (2002) has described
the successful treatment of a patient with severe
secondary RLS (due to uraemia) with controlled
release levodopathree timesaday supplemented
by entacapone, a catechol-o-methyl transferase
inhibitor.

Dopamine agonists

Levodopaandbromocriptineprovideequivalent
subjective improvement, although tolerability
appearsto be better with levodopa, and virtually
all the other dopamine agonists are effective for
the treatment of the RLS (Stiasny et al. 2000a).
Two open label trials using pergolide given in
the evening as a single (0.1-0.75 mg), or twice
daily (0.05 mg x 2) dose, showed a sustained
effect through the night (Stiasny et al. 2000a).
These observations have been confirmed in
two further double-blind studies, one of which
compared pergolide (0.125-0.25 mg single eve-
ning dose) with levodopa (250-500 mg single
evening dose) — pergolide had a significantly
greater effect on periodic limb movements dur-
ing sleep. Augmentation induced by levodopa
was also reversed after treatment with pergolide
although augmentation has been reported with
pergolide itself —in about 20% of patients (Ear-
ley and Allen 1996; Henning et al. 1999; Wetter
et al. 1999; Stiasny et al. 2000a). Other studies
reported recently show a beneficial effect with
ropinirole (0.5-4 mg divided once or twice per
day), pramipexole (1.5 mg single evening dose)
althoughaugmentation hasbeenreportedin 8%
of patients (Ferini-Strambi 2002), cabergoline
(1-4 mg evening dose), rotigotine transdermal
patch (1.125-4.5 mg at night time) and apo-
morphine (nocturnal subcutaneous infusion
18-48 mg) (Reuter et al. 1999; Montplaisir et al.
2000; Saletu et al. 2000; Stiasny et al. 2000b; Ap-
piah-Kubi et al. 2002; Stiasny et al. 2002). These
all produce a significant reduction of subjective
restlessness and periodic limb movements. As
yet there are few long-term follow up studies but

Open label studies
suggest that cabergoline
is well tolerated in severe

RLS patients who have
failed other therapies,
and also those with

augmentation

one reported continued efficacy of pramipexole
(0.25-0.75 mg evening dose) during follow up
for about 8 months (Montplaisir et al. 2000).
Cabergoline has the longest half-life of all the
dopamine agonists with the advantage of being
active for 24 h, and so can be given once a day.
Open label studies suggest that cabergoline is
well tolerated in severe RLS patients who have
failed other therapies, and also those with aug-
mentation (Stiasny et al. 2000b; Appiah-Kubi
et al.2002). Other dopaminergic drugs reported
to be of benefit include orphenadrine, piribedil,
dihydroergocriptine and amantadine.

Opiates

Historically, opiates (laudanum) were used
for treatment of the RLS in the 17th century.
Recently, opiates such as oxycodone and pro-
poxyphene have shown beneficial effects in four
small studies, diminishing both the RLS and
periodic limb movements, and the symptom-
atic relief is reversed by the opiate antagonist
naloxone (Henning et al. 1999). Opiates may
have a special role in the RLS associated with
pain (asthenia crurum dolorosa).
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Anti-epileptic drugs

Gabapentin and carbamazepine have been the
mostwidely evaluated in open label and double-
blind studies. Recently, Garcia-Borreguero et al.
(2002b) reported that gabapentin was effective
in a double-blind crossover polysomnography-
controlled study. At doses up to 1850 mg/day,
gabapentin improved periodic limb move-
ments, sleep architecture and pain scores. At
6 weeks, no augmentation was observed.

Benzodiazepines

Clonazepam, triazolam and nitrazepam have
all been tried but the results of double-blind
crossover studies have been variable, reporting
either no or modest benefit in leg symptomsand
sleep. Overall, studies suggest that clonazepam
can be helpful for treatment of the RLS but con-
siderable reservations remain owing to the small
sample size of the studies and the confounding
effect of benzodiazepines on sleep architecture.
Additional (to levodopa or dopamine agonists)
dosing of a benzodiazepine may help when in-
somnia is associated with the RLS.

Adrenergic drugs

Those studied include propranolol and cloni-
dine, which act to suppress noradrenergic
activity. Clonidine at doses between 0.15 and
0.9 mg/day may be effective in suppressing RLS
symptoms.

Baclofen

Bbaclofen (20-80 mg/dayinthreedivided doses)
is rarely used because dopaminergic agents and
opioids seem to reduce RLS symptoms suffi-
ciently and have a better adverse effect profile

Iron

Iron administration is likely to be helpful for
iron deficient patients with the RLS and is indi-
cated with serum ferritin levels below 45 pg/L.
The ideal means of administration is not known
and oral treatment may take several months to
be effective. Intravenous iron may be poorly
tolerated.

Therapy of the RLS in children, pregnant
women and the elderly is less well understood
and needs further study.

CONCLUSIONS

The RLS is probably the most common move-
ment disorder and affects sleep as well as day-
time function. In the UK, it often continues to

be regarded as a psychosomatic disorder and
patients are told ‘to put up with it’ in spite of the
availability of very effective treatments. In prac-
tice, it is not unusual to see RLS patients whose
diagnosis has been delayed by years, and lack of
appropriate treatment has rendered patients se-
verely sleep deprived and depressed, even to the
pointofsuicide. Itistime therefore to reverse the
notion that RLS is ‘the most common disorder
you have never heard of".

If you wish to receive more information
regarding the RLS or want to put patients in
contact with Ekbom Support Group or the
RLS:UK please visit http://www.welcome.to/
ekbom, or E-mail: ray.chaudhuri@uhl.nhs.uk
regarding RLS:UK. Also contact http://
www.restlesslegs.org.uk.
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