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Summary: In a double-blind randomized crossover trial, oxycodone or placebo was given in divided night-time 
doses to II patients with idiopathic restless legs syndrome (RLS) for 2 weeks prior to appropriate polysomnographic 
studies. Under double-blinded conditions, patients were asked to do daily ratings of their leg sensations, motor 
restlessness and daytime alertness on a 1-4 scale for the 2 weeks prior to the polysomnographic studies and for the 
nights of the polysomnographic studies as well. Leg sensations (p < 0.009), motor restlessness (p < 0.006) and 
daytime alertness (p < 0.03) were significantly improved on oxycodone as compared to baseline or placebo. Patients 
were studied polysomnographically under double-blinded conditions for 2 nights in each phase of the protocol. On 
an average dose of 15.9 mg oxycodone (equivalent to approximately three 5-mg tablets of commercial preparation), 
there was a statistically significant reduction in the number of periodic limb movements in sleep [(PLMS)/hour 
sleep (p < 0.004)] and in the number ofarousals/hour sleep (p < 0.009) on drug as compared to baseline or placebo. 
A statistically significant improvement was also noted in sleep efficiency (p < 0.006) and 10 of the ·11 patients 
preferred oxycodone over placebo. We conclude that oxycodone is an effective treatment for RLS and PLMS. Key 
Words: Restless legs-Periodic limb movements in sleep-Opioids-Oxycodone. 

Previous non-blinded studies have indicated im
provements in the signs and symptoms of idiopathic 
restless legs syndrome (RLS) and periodic limb move
ments in sleep (PLMS) by opioids (1-6). Allen et al. 
showed improvement in sleep efficiency and decre
ments in arousals associated with PLMS in two small 
double-blind studies of 100 mg (7,8), 200 mg (7) and 
300 mg (8) of the opioid propoxyphene in patients with 
PLMS (7,8). However, there was no significant effect 
ofpropoxyphene on the number ofPLMS (7,8). Some 
of the patients had RLS (R. Allen, personal commu
nication), but motor restlessness and paresthesias were 
not quantitated (7,8). 

Because the only double-blind study of opioids in 
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PLMS was largely negative, we decided to perform our 
own double-blind study to investigate the effect of 
higher dosages of a more potent opioid, oxycodone, 
on the signs and symptoms of a larger group of patients, 
all of whom had idiopathic RLS. 

METHODS 

Subjects 

Clinical characteristics 

Eleven patients (five women and six men, ages 36-
74}with idiopathic RLS were recruited from the Lyons 
VA Medical Center, UMDNJ-Robert Wood Johnson 
University Hospital and the Sleep Disorders Center of 
Columbia Presbyterian Medical Center. All 11 patients 
had the four classic symptoms ofRLS: 1) paresthesias 
(abnormal sensations) primarily in the legs; 2) motor 
restlessness such as floor pacing, tossing and turning 
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in bed, etc.; 3) worsening of the paresthesias and motor 
restlessness at night and 4) at rest, i.e. lying and sitting 
(9,10). All patients also had subjective complaints of 
sleep disturbances, such as difficulty with sleep onset 
and maintenance or excessive daytime somnolence 
(11,12). All patients also had periodic limb movements 
in sleep (PLMS), which are repetitive, stereotypic flex
ions of the hips, knees and ankles that recur at regular 
intervals of 5-90 seconds (II-IS). Some patients also 
had repetitive, stereotypic periodic or aperiodic flex
ions of the hips, knees and ankles that recurred during 
wakefulness while the patients were sitting or lying 
(11,12,16-18). These movements are similar in ap
pearance to PLMS, and we have previously publish{~d 
some of these involuntary movements in videotape 
form (18). In addition, three patients were aware of a 
suggestive autosomal dominant family history, as has 
been previously reported (16,19-21) and four patients 
had incidental sleep apnea of the central, mixed or 
obstructive type (patients #2, 8, 9, 10). 

Exclusion criteria 

Patients whose restlessness was secondary to pe
ripheral neuropathy, neuroleptic-induced akathisia or 
other causes were excluded from the study by physical 
examination. When the physical examination was in 
doubt, an electromyogram (EMG) and nerve condition 
studies were performed to exclude peripheral neurop
athy or radiculopathy. Patients with a history of drug 
abuse or addiction were also excluded from the study. 

Design 

Eleven patients were studied in a double-blind ran
domized crossover design employing various dosages 
of oxycodone. Patients were tapered off L-Dopa, ben
zodiazepines, carbamazepine, clonidine, baclofen, pre
vious opioids, tricyclic antidepressants and all medi
cations known to positively or negatively affect RLS 
prior to two baseline polysomnographic studies. Non
essential medications were discontinued and only es
sential medications, such as those to treat hypertension 
or coronary artery disease, were retained. Patients rat
ed their symptoms daily for the two nights ofthe base
line polysomnographic studies. They then were given 
either oxycodone or placebo and the dose was gradually 
increased to therapeutic effect over approximately 2 
weeks. During these 2 weeks, the patients also rated 
their symptoms on a daily basis. The patients were 
then studied polysomnographically for another two 
nights under double-blinded conditions on the appro
priate capsule and a daily subjective rating of symp
toms was obtained for these two nights as well. The 
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capsules were tapered to zero over 3 days, after which 
upward titration of capsules for the second phase of 
the study was done over another 2 weeks. Dosage in
creases, subjective ratings and polysomnographic stud
ies were as in the first phase. 

Dosing 

Each study capsule contained either lactose (placebo) 
or lactose plus one-half of a 5-mg oxycodone tablet. 
Oxycodone (Roxycodone) was obtained from Roxane. 
The amount of oxycodone in each caps:ule is equivalent 
to one-hal,fthe amount contained in commercial prep
arations such as Percodan [5 mg oxycodone and 325 
mg acetylsalicylic acid (ASA)] or Percocet (5 mg oxyco
done and 325 mg acetaminophen). In the 2 weeks prior 
to each set of placebo or drug polysomnographic stud
ies, the patients titrated their own dosage to maximum 
therapeutic benefit with the aid of daily calls from a 
member of the research team. During this time, reports 
of any side effects were monitored and dosages were 
adjusted accordingly. Titration was stopped at a max
imum of25 mg ofoxycodone (equivalent to five 5-mg 
tablets of commercial preparation) or 10 tablets of pla
cebo. Dosages were divided so that patients were taking 
capsules 2 hours prior to bedtime, at bedtime and in 
the middle of the night as needed. Percodan and Per
cocet were not used in this study to avoid potential 
confounding effects of ASA or acetaminophen. 

Subjective ratings 

For each phase of the protocol, paresthesias, motor 
restlessness and daytime alertness were rated on a daily 
basis under double-blinded conditions using a 0-4 scale 
(0 = none, 1 = mild, 2 = moderate, 3 = severe, 4 = 
very severe symptoms). For the baseline, ratings were 
obtained from the patients for the two nights of base
line polysomnographic study and averaged. For the 
drug and placebo phase of the study, a combined rating 
for each symptom was obtained by adding daily ratings 
for the 2 weeks prior to the drug or placebo polysom
nographic studies and ratings for the two nights of the 
appropriate polysomnographic studies. These values 
were then averaged. For the subjective rating portion 
ofthe study, mean daily oxycodone dosages were sim
ilarly obtained (average of dosages from the 2 weeks 
of the drug trial and the two nights of polysomno
graphic study on oxycodone combined). The average 
ratings for each of the 11 patients were compared for 
the baseline, placebo and drug phases ofthe study with 
a Friedman nonparametric rank sums test and a post
hoc Wilcoxon signed rank to test the differences be
tween the three periods. At the end of the study, pa-
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TABLE 1. Patients' mean subjective data 

Oxycodone Leg sensations" Restlessnessb 

mean dose/ 
Drowsy next daye 

Age Sex day (mg) B P D B P D B P D 

Patient 
I 73 M 20.00 3.50 3.89 3.33 2.00 3.89 1.78 2.50 3.89 2.33 
2 63 F 2.92 3.00 2.94 0.08 3.00 3.06 0.33 3.00 2.11 0.17 
3 36 M 9.45 1.67 0.56 0.11 1.67 0.56 0.11 1.33 1.00 1.00 
4 60 F 8.13 
5 62 M 15.20 3.00 3.57 3.65 3.00 3.71 3.29 0 0 0.41 
6 50 M 15.28 3.00 3.85 2.67 3.00 3.54 2.44 4.00 3.85 2.78 
7 44 F 8.55 3.00 1.89 0.08 2.67 1.89 0.46 2.67 1.23 1.17 
8 46 M 13.00 2.67 1.27 0.20 2.67 1.09 0.20 0 0.05 0 
9 59 M 10.73 2.33 2.09 0.29 2.67 2.09 0.36 1.67 1.55 0.57 

10 74 F 10.35 2.33 4.00 0.71 3.33 4.00 1.43 3.33 3.33 1.21 
II 41 F 11.68 2.00 2.08 1.75 0.50 1.92 1.67 3.00 0.92 1.42 

Mean 11.39 2.65 2.61 1.29 2.45 2.58 1.21 2.15 1.79 1.11 

Patients rated leg sensations, motor restlessness and daytime alertness on a daily basis under double-blinded conditions on a 1-4 scale 
(0 = no symptoms, I = mild, 2 = moderate, 3 = severe and 4 = very severe). Symptoms were rated during the baseline (B), placebo (P) 
and drug (D) periods. Ratings for baseline are an average of those obtained from the patients for the 2 nights of baseline polysomnographic 
study. For the drug and placebo phases of the study, the ratings were averaged over approximately 2 weeks and included assessments made 
at home and during the polysomnographic studies. A mean oxycodone dose/day was similarly obtained for the drug phase of the study. 
Only partial subjective data were obtained for patient #4. Therefore, her data were not included in the statistics. Group data showed a 
statistically significant decrease in leg sensations, motor restlessness and daytime drowsiness on oxycodone as compared to baseline or 
placebo. 

"p < 0.009. 
b p < 0.006. 
c p < 0.03. 

tients were asked under double-blinded conditions 
whether they preferred the phase I or phase II capsule 
for treatment of their symptoms. 

Polysomnographic studies 

Patients received two polysomnographic studies at 
baseline, two on placebo and two on drug according 
to previous methods (22). Approximately 2 weeks sep
arated each phase of the protocol. Sleep parameters 
and PLMS were quantitated under blinded conditions 
by previous methods (13,22,23). Sleep stages were cal
culated as a percentage of sleep period time. Body 
movements that occurred after an apnea or hypopnea 
were eliminated from consideration as possible PLMS 
(24). Awakenings and arousals were scored by previ
ously published methods (23,25,26) and arousals or 
awakenings that occurred after an apnea or hypopnea 
were excluded from the total. Periodic and aperiodic 
limb movements while the patients were awake and 
lying down were not quantitated for this study. Drug 
dosages and polysomnographic data were averaged for 
the appropriate two nights of polys om no graphic study. 
Sleep parameters and PLMS were then compared for 
the 11 patients across the baseline, placebo and drug 
phases of the study by a Friedman nonparametric rank 
sums test with a post-hoc Wilcoxon signed rank. 

Studies included monitoring of electroencephalo
gram (EEG) (C3-A2, CCAt), electrooculogram (EOG) 
(LOC, ROC), electrocardiogram (EKG) , chin electro-

myogram (EMG) and EMG of both anterior tibialis 
muscles. Monitoring of respiration was by standard 
measures of air flow (oral/nasal thermocouple; Roch
ester Electro-Medical, Tampa, FL), effort (RESP-EZ 
chest and abdominal belts containing piezo electric 
crystals; EPM Systems, Midlothian, VA) and oxygen 
saturation (finger pulse oximetry; Ohmeda Biox 3700, 
Boulder, CO). Studies were performed at either the 
Clinical Research Center (CRC) of the Robert Wood 
Johnson University Hospital or the Sleep Disorders 
Center of Columbia Presbyterian Medical Center on 
either a Grass 8-20D or Nihon-Kohden 4221 EEG 
Machine. 

RESULTS 

At the end of the study, the patients were asked under 
double-blinded conditions which capsule they pre
ferred overall and 10 of 11 patients chose oxycodone 
over placebo. The eleventh patient (#11) felt that oxy
codone gave her a mild relief of RLS symptoms com
pared to placebo, but it also gave her mild daytime 
lethargy at the dosages employed. On the subjective 
rating scale, leg sensations and motor restlessness were 
statistically improved on an average of 11.39 mg of 
oxycodone (equivalent to approximately two 5-mg tab
lets of commercial preparation) as opposed to baseline 
or placebo (p < 0.009 and p < 0.006 respectively) 
(Table 1). On the subjective rating scale, drowsiness 
the day after the capsules were given was also signifi-
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TABLE 2. Polysomnographic data 

Oxyco-
done 
mean PLMS! Sleep Arousals! 
dose/ PLMS hour sleep" efficiencyb hour sleepc 
day 
(mg) B P D B P D B P D B P D 

Patient 
I 25.0 2.1 2.8 48.9 
2 2.5 9 25 3 1.7 5.6 0.7 67.4 80.1 83.7 11.4 13.6 9.0 
3 15.0 114 43 20 20.6 9.7 3.5 91.0 90.0 90.1 28.7 17.0 16.2 
4 12.5 110 75 64 81.8 117.3 26.6 16.7 9.4 43.6 67.9 107.6 40.1 
5 25.0 224 173 213 68.4 84.8 82.9 56.2 34.6 45.1 78.4 48.2 82.1 
6 25.0 32.4 1.2 26.1 
7 10.0 222 205 142 45.0 63.6 23.1 75.9 58.1 92.8 47.3 61.4 45.3 
8 17.5 194 227 2 50.1 73.9 0.4 71.5 60.4 89.1 60.9 76.5 26.8 
9 15.0 109 132 104 58.4 54.2 22.3 36.2 45.8 82.4 37.7 49.3 7.9 

10 12.5 10 50 0 4.6 49.7 0 40.4 30.1 78.6 8.5 56.0 3.6 
11 15.0 92 101 37 18.4 17.1 6.3 84.1 90.0 94.1 10.9 12.0 8.7 

Mean 15.9 120.4 114.6 65.0 38.8 52.9 18.4 52.2 45.7 70.4 39.1 49.1 26.6 

Patients were studied polysomnographically under double-blinded conditions. All values including dosages represent the average for two 
nights of polysomnographic study during either baseline (B), placebo (P) or drug (D) conditions. Drug dosages were titrated as described 
in the methods. Patients # I and #6 slept so little ( < 15 minutes) at either the baseline or placebo that a meaningful figure for PLMS, PLMS! 
hour sleep, arousals/hour sleep and awakenings/hour sleep could not be obtained. Group data showed a statistically significant decrease 
in the PLMS!hour sleep and in the arousals!hour sleep and an increase in sleep efficiency. 

"p < 0.004. 
b P < 0.006. 
c p < 0.009. 

cantly improved on oxycodone as opposed to baseline 
or placebo (p < 0.03) (Table 1). 

On the polysomnogfaphic portion of the study, the 
number of PLMS/hour of sleep was significantly re
duced (p < 0.004) and sleep efficiency was significantly 
improved (p < 0.006) on an average of 15.9 mg of 
oxycodone (equivalent to approximately three 5-mg 
tablets of commercial preparation) (Table 2). There 
was also a statistically significant reduction in the num
ber of arousals/hour sleep on drug as compared to 
baseline or placebo (p < 0.009). The PLMS fragmented 
sleep, but the percentage of PLMS associated with 
arousals remained unchanged at 80% for baseline, 74% 
for placebo and 73% for drug. There was a tendency 
toward a decrease in sleep latency and toward an in
crease in the percentage of rapid eye movement (REM) 
sleep, but these changes did not quite reach statistical 
significance (Table 2). There was no significant change 
in the number of awakenings/hour sleep or in the per
centage of slow wave sleep (Table 2). 

For the four patients with sleep apnea, there was no 
significant difference in the average combined apnea! 
hypopnea index (number of combined apneas and hy
popneas/hour sleep) at baseline (5.34), placebo (9.52) 
or on oxycodone (6.27), nor was there any significant 

. change in the lowest average O2 saturation experienced 
by the patients at baseline (84), placebo (87) or on 
oxycodone (83). 

The only side effects encountered were minimal con-

Sleep, Vol. 16. No.4. 1993 

stipation in two patients (patients #7 and #10) and 
minimal daytime lethargy at higher dosages in one 
patient (patient #11). The lethargy in this patient de
creased when the dosage was reduced. No patients 
dropped out from the study. 

DISCUSSION 

This study shows that oxycodone decreases pares
thesias, motor restlessness, nighttime arousals and 
PLMS and improves daytime alertness and sleep ef
ficiency in idiopathic RLS (Tables 1 and 2). All aspects 
of the syndrome were thus improved. Dosages aver
aged 10-15 mg of oxycodone (equivalent to 2 or 3 
tablets of Percodan or Percocet) and side effects were 
minimal. This study adds to our previous blinded eval
uation of intravenous infusions of the opiate receptor 
blocker naloxone (or saline placebo) in two RLS pa
tients successfully treated with opioids (1,2). In that 
study, treatment with naloxone but not saline resulted 
in a quantitative return of the signs and symptoms of 
RLS, indicating that the therapeutic effect of the opioids 
is specific to the opiate receptor. Because all of the 
opioids that are therapeutically successful are primarily 
mu opiate receptor agonists (1-8), the mu opiate re
ceptor is the subtype that is most likely to be primarily 
or secondarily implicated in the pathogenesis of id
iopathic RLS (1,2). The current study also confirms 
OUf own non blinded polysomnbgraphic and nonpoly-
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Table 2. Continued. 

A wakenings/ Sleep 
hour sleep latency %REM %3 &4 

B P D B P D B P D B P D 

Patient 
1 154.0 98.5 33.0 0 0 10.3 0 0 1.1 
2 1.9 2.0 2.1 4.3 24.5 9.5 12.7 22.9 29.7 6.7 12.4 13.6 
3 1.8 2.6 2.7 14.5 17.0 17.5 8.9 14.2 11.4 11.6 10.5 11.0 
4 9.9 21.3 16.8 94.3 115.0 32.0 0 0 0.1 0 0 0 
5 2.8 2.2 15.1 50.5 208.0 95.5 22.1 8.9 6.2 7.4 24.7 3.3 
6 138.8 92.0 128.8 0 0 7.1 1.0 0 0.8 
7 2.8 4.6 2.0 9.8 5.0 5.3 13.7 6.1 17.0 16.0 6.6 5.3 
8 5.3 5.8 3.3 8.3 26.2 11.0 8.9 5.1 4.7 6.9 7.1 0.3 
9 3.1 4.1 1.9 106.5 23.0 6.8 10.6 9.6 19.9 0 0 0.1 

10 4.6 10.7 4.2 11.3 15.8 7.3 8.4 1.8 9.4 0 0.4 3.5 
11 2.9 3.1 2.1 15.0 7.0 6.3 15.0 17.0 19.6 16.2 14.8 10.0 

Mean 3.9 6.3 5.6 55.2 57.5 32.0 9.1 7.8 12.3 6.0 7.0 4.5 

somnographic studies of opioids in RLS, which doc
umented a long-term therapeutic effect inRLS patients 
who had been treated with opioids for several years 
(2,3). The current study also confirms the positive re
sults obtained in non blinded studies of opioids in RLS 
by two other groups (4,5). 

Present data are also consistent with the only other 
similarly designed double-blind studies of opioids in 
patients with PLMS and sleep disturbances (7,8), where 
similar improvements were noted in sleep efficiency 
and some decrements were noted in arousals. How
ever, the current study stands in contrast to these other 
double-blind studies (7,8) in that we document a de
crease in the number of PLMS/hour of sleep. In our 
study, opioids had a more potent effect on the PLMS 
than on sleep, whereas in the studies of Allen et al. the 
opposite was shown (7,8). We suggest that these dif
ferences are most likely due to the fact that we did not 
employ a fixed dosing regime, but instead allowed each 
patient to increase the dose of oxycodone to therapeu
tic effect and, indeed, some patients required a larger 
dose (Table 2). Our large sample size may also have 
allowed us to achieve greater statistical significance. In 
addition, only some of the patients in each ofthe other 
double-blind studies had RLS (7,8). It is therefore pos
sible that the authors of these studies were dealing with 
a therapeutically heterogeneous population (7,8). Be
cause we studied only patients with idiopathic RLS, 
we were able to document improvements in features 

like motor restlessness and paresthesias that were not 
measured in the other double-blind studies (7,8). These 
features are important because paresthesias and motor 
restlessness are primary to RLS and often lead to sleep 
onset insomnia. 

Opioids now join L-Dopa, DA agonists, benzodi
azepines, baclofen and carbamazepine as agents whose 
therapeutic efficacy has been shown in blinded studies 
of either idiopathic RLS, PLMS or both (7,8,27-35). 
We have also successfully employed opioids in a dou
ble-blind study of a parallel form of motor restlessness, 
acute neuroleptic-induced akathisia, and the therapeu
tic effect can also be reversed by naloxone (36,37). 

Our previous studies have indicated that the opioids 
can be successfully used long term with little risk of 
addiction (2,3). In our original non-blinded study of 
opioids in RLS, five patients continued receiving long
term benefit from 1.5-6 years of therapy (2). In a fur
ther long-term follow up, eight of 10 of our patients 
continued to find satisfactory benefit without signifi
cant side effects from 6 months to 15 years of therapy 
(3). When alternative satisfactory drug regimens are 
unavailable and the severity of the symptoms warrants 
it, we recommend opioids as a long-term treatment for 
the signs and symptoms of idiopathic RLS. We agree 
with Monplaisir et al. that it is probably best to start 
with the least-potent opioid (38) at a dose of one cap
sule at bedtime. The dosage may then be gradually 
increased over a matter of weeks and, when higher 
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dosages are required, we have found divided dosages 
at 2 hours prior to bedtime, at bedtime and in the 
middle of the night as needed to be most helpful and 
best tolerated. 
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