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RESTLESS LEGS SYNDROME (RLS) IS OFTEN ASSOCI-
ATED WITH INSOMNIA, IN TERMS OF DIFFICULTY IN 
FALLING ASLEEP, SLEEP MAINTENANCE, AND SLEEP 
duration.1 Thus, sleep disruption mainly comes from the sub-
jective report of patients and from the clinical experience of 
physicians. The severity of RLS-related insomnia ranges wide-
ly, from patients who seek treatment only for insomnia and un-
derestimate their sensory symptoms to those who have no sleep 
complaints at all because the sensory symptoms are mild, rare, 
or occur prior to bedtime. Thus, insomnia is not considered nec-
essary for or supportive of the diagnosis of RLS.1

Only a few studies have focused on the objective polysom-
nographic features of RLS; they have found an increase in 
sleep latency and a decrease in sleep efficiency only in patients 
with the most severe RLS symptoms.2-6 Except for the generic 
amount of arousals, no extensive data are available on sleep 
microstructure in RLS, as compared with age-matched normal 
control subjects. A very recent study demonstrated that sleep 
microstructure analysis by means of the cyclic alternating pat-

tern (CAP)7 is helpful in understanding the mechanisms of sub-
jective sleep perception (and misperception) in insomniacs.8 
In addition, emerging evidence is available on a possible role 
for CAP in sleep-related cognitive processing, and sleep loss 
is thought to be an important factor affecting cognitive perfor-
mance of patients with RLS. Periodic leg movements during 
sleep (PLMS) represent a very frequent objective finding in 
RLS, the contribution of PLMS to sleep disruption and sleep 
quality is an ongoing discussion.9,10 

Dopamine-receptor agonists are remarkably effective and 
well-tolerated agents for the treatment of RLS; low evening 
doses of the D3-agonists pramipexole and ropinirole have be-
come the first-line treatment for RLS.11,12 Controlled studies 
that include polysomnography recordings have provided evi-
dence that ropinirole and pramipexole are effective in reducing 
both subjective symptoms of RLS and PLMS, even after a first 
single administration, in patients with RLS. On the contrary, the 
effects on sleep architecture have been reported in only a few 
studies, which failed to find extensive modifications of objec-
tive polysomnography-derived measures, other than PLMS.2-6 
Even with successful treatment of the sensory symptoms of 
RLS, sleep problems may persist.13,14

Response to dopaminergic medications, together with posi-
tive family history and presence of PLMS, is considered to be 
an important supportive criterion for the diagnosis of RLS.1 The 
placebo effect in RLS treatment is a major issue that can impair 
the clinical judgment. The primary outcome measure in most 
studies, the International Restless Legs Syndrome Rating Scale, 
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has been shown to yield a large placebo effect.15 In brief, the 
placebo effect seems to be large for subjective parameters but 
much smaller for objective parameters derived from polysom-
nography. To our knowledge, there are no studies on CAP in 
RLS and on the therapeutic effect of dopamine agonists on CAP 
in these patients. For all of these reasons, the aim of the present 
investigation was to analyze, in detail, the eventual baseline dif-
ferences in CAP between normal control subjects and patients 
with RLS and the eventual changes in sleep architecture and 
instability induced by the acute administration of pramipexole 
in patients with RLS.

SUBJECTS AND METHODS

Subjects 
A prospective single-blind placebo-controlled study with 

consecutive enrollment of subjects affected by idiopathic RLS 
was carried out on patients admitted to the Sleep Disorders Cen-
ter, Ospedale San Raffaele, Milan. The diagnosis of RLS was 
established following the International RLS Study Group crite-
ria.1 In addition, for patients to be included in the study, they had 
to have a mean frequency of symptoms during the last 6 months 
more often than twice per week, with a score of at least 20 on the 
International Restless Legs Syndrome Rating Scale (correspond-
ing to severe RLS).16 Only patients who were between the ages 
of 35 and 85 years, were not taking any medication at the time 
of the study, and had never been treated for RLS (including with 
dopaminergic agents, benzodiazepines, opioids, or anticonvul-
sants) were included in the study. Furthermore, subjects suffer-
ing from known causes of secondary RLS (renal failure, anemia 
with iron deficiency, pregnancy, rheumatoid arthritis, recent 
anesthesia, or clinical myelopathy and peripheral neuropathy), 
other sleep disorders (e.g., narcolepsy, sleep terrors, sleepwalk-
ing, sleep disordered breathing), or other movement disorders or 
who were had any other medical conditions that would affect the 
assessment of RLS were excluded from the study. 

All patients underwent a neurologic examination, routine 
blood tests (including serum iron and ferritin, B12 vitamin, and 
folate concentrations), electromyography (EMG), and electro-
neurography of the lower limbs. Patients with any abnormality 
at the above-mentioned tests or with an apnea-hypopnea index 
greater than 5 were also excluded. 

All subjects underwent 2 nocturnal polysomnographic re-
cordings, after 1 adaptation night, and were randomly subdi-1 adaptation night, and were randomly subdi- adaptation night, and were randomly subdi-
vided into 2 subgroups: pramipexole and placebo groups. No 
medication was administered before the first night recording 
(baseline). Before the second night of recording, 1 group re-1 group re- group re-
ceived a single oral dose of 0.25 mg of pramipexole at 21:00, 
whereas the other group received a placebo (single-blind proce-
dure). In the morning, after each polysomnography recording, 
all patients evaluated the severity of their previous evening pre-
sleep RLS symptoms by means of a visual-analog scale (VAS)17 
and were also asked to describe the quality of their sleep as 
improved, not improved, or worsened. All patients gave their 
written consent for these procedures and were unaware of the 
content (drug or placebo) of the medication. The local ethics 
committee approved the study.

Finally, a group of normal control subjects also underwent 
only 1 nocturnal polysomnographic recording, after 1 adap-1 nocturnal polysomnographic recording, after 1 adap- nocturnal polysomnographic recording, after 1 adap-1 adap- adap-

tation night. Control subjects were screened to exclude sleep 
disorders such as RLS and had to be in general good health; 
exclusion criteria were otherwise the same as those used for 
patients with RLS.

Nocturnal Polysomnography
Nocturnal polysomnography was carried out after 1 ad-1 ad- ad-

aptation night in a standard sound-attenuated (noise level to 
a maximum of 30 dB normal hearing level) sleep-laborato-
ry room. Subjects were not allowed to consume caffeinated 
beverages the afternoon preceding the recordings and were 
allowed to sleep until their spontaneous awakening in the 
morning. Lights-out time was based on individual habitual 
bedtime and ranged between 22:30 and 23:00. The following 
signals were recorded: electroencephalogram (EEG; at least 
6 channels, including C3 and C4, referred to the contralateral 
mastoid); electrooculogram (electrodes placed 1 cm above the 
right outer cantus and 1 cm below the left outer cantus and 
referred to the left mastoid), EMG of the submentalis muscle, 
EMG of the right and left tibialis anterior muscles (bipolar 
derivations with 2 electrodes placed 3 cm apart on the belly 
of the tibialis anterior muscle of each leg, impedance was 
kept less than 10 KΩ), and electrocardiogram (CM4 deriva-
tion: anode in position V4 and cathode attached to the manu-
brium of the sternum). Sleep signals were sampled at 200 Hz 
and stored on hard disk in European data format for further 
analysis. EMG signals, in particular, were digitally band-pass 
filtered at 10 to100 Hz, with a notch filter at 50 Hz. The sleep 
respiratory pattern of each patient was monitored using oral 
and nasal airflow thermistors and/or nasal pressure cannula, 
thoracic and abdominal respiratory effort strain gauge, and 
oxygen saturation (pulse oximetry). This was performed in all 
subjects in a previous recording (within 1 week) or during the 
study recording.

Sleep Scoring and CAP Analysis
Sleep stages were scored following standard criteria on 

30-second epochs.18 Subsequently, each CAP A phase was de-
tected in each recording on the C3/A2 or C4/A1 derivation, 
based on the availability in the polysomnographic recording 
and on the absence of long periods with artifacts; the side of 
this EEG channel should not influence the detection of CAP 
because its components have been shown to map symmetrically 
over the scalp.19 All CAP phases during non-rapid eye move-
ment sleep (NREM) were detected and classified into 3 sub-3 sub- sub-
types (A1, A2, and A3) according to Terzano et al.7 

CAP was detected by the sleep-analysis software Hypno-
lab 1.2 (SWS Soft, Italy), which allows computer-assisted 
detection of CAP-A phase subtypes. With this software, de-
tection is performed by means of a human-supervised auto-
matic approach controlled by the scorer. The performances 
of this system have been evaluated and validated,20 but, for 
this study, the scorer visually edited the detections proposed 
by the automatic analysis before the computation of the vari-
ous CAP parameters, which were automatically generated by 
the same software and used for statistical analysis. To reduce 
the effects of interrater variability expected for this type of 
analysis,20 all recordings were scored by 1 of the authors of 
this study (DA). 
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Scoring Rules for the CAP
CAP is organized in sequences of 2 or more CAP cycles. 

Each CAP cycle consists of a phase A and a phase B, each last-
ing between 2 and 60 seconds. All CAP sequences begin with 
a phase A and end with a phase B. In NREM sleep, the phase A 
patterns comprise (1) intermittent alpha rhythms and sequences 
of vertex sharp waves in stage 1 sleep; (2) sequences of 2 or 
more K-complexes alone or followed by alpha-like components 
and beta rhythms in stage 2 sleep; (3) delta bursts that exceed 
by at least one-third the amplitude of the background activity 
in stages 3 and 4 sleep; and (4) transient activation phases and 
EEG arousals in all sleep stages.

CAP phase B is defined as the intervening background, typi-
cal of each sleep stage, identified by the interval separating the 
repetitive elements (A phases of CAP). The period of sleep be-
tween 2 successive A phases separated by an interval more than 
60 seconds is scored as non-CAP (NCAP). CAP appears as a syn-
chronous and widely diffuse EEG activity on both hemispheres 
with minor differences in morphology and amplitude across the 
various leads. A CAP sequence can bridge across different sleep 
stages showing different stage-related patterns. Multiple EEG 
derivations are indicated for accurate visual analysis. 

The identification of CAP should be preceded by the defi-
nition of sleep stages according to the conventional criteria. 
An EEG pattern showing the characteristics of a phase A is 
initially classified as a phase-A candidate. A phase-A candidate 
can be scored within a CAP sequence only if it preceded and/
or followed by another phase A in the temporal range of 2 to 
60 seconds. 

In NREM sleep, the CAP sequences may extend across suc-
cessive sleep stages, and the A phases may present different pat-
terns within the same CAP sequence. In rapid eye movement 
(REM) sleep, because of the lack of EEG synchronization, the 
A phases consist exclusively of desynchronized patterns (tran-
sient activation phases or arousals). 

On the basis of the information derived from EEG activi-
ties, muscle tone, and neurovegetative responses, a 3-stage hi-
erarchy of arousal strength can be identified. Subtype A1 is a 
phase in which EEG synchrony is the predominant activity. In 
A1 phases, the following activities are included: intermittent al-
pha rhythm and vertex sharp waves during stage 1 sleep and se-
quences of K-complexes or delta bursts in other NREM stages. 
If present, EEG desynchronization occupies less than 20% of 
the entire phase A. Subtype A1 is generally associated with mild 
autonomic and somatomotor activity.

Subtype A2 includes phases that contain a mixture of slow 
and rapid EEG activities. In A2 phases, the following activi-
ties are included: K-alpha, arousal preceded by slow wave 
synchronization, and polyphasic bursts with more than 20% 
but less than 50% of EEG desynchronization. Subtype A2 is 
linked with a moderate increase of muscle tone, cardiorespira-
tory rate, or both.

Subtype A3 are phases with predominant EEG desynchroni-
zation, including arousals, transient activation phases, or poly-
phasic bursts with more than 50% of EEG desynchronization. 
Subtypes A3 are coupled with a remarkable enhancement of 
muscle tone, cardiorespiratory rate, or both. 

CAP rate is generally calculated as the percentage of NREM 
sleep or of each NREM sleep stage occupied by CAP sequenc-

es; for a complete set of rules and examples for scoring CAP, 
refer to Terzano et al.7 

Analysis of Leg Movements During Sleep
Prior to any recording, we verified that the rectified EMG 

amplitude recorded from the 2 tibialis anterior muscles was less 
than 2 μV at rest and exceeded 7 to 10 μV for small voluntary 
flexions of the foot. Sleep stages were visually scored following 
standard criteria on 30-second epochs using the sleep-analysis 
software Hypnolab 1.2. Leg movements during sleep were first 
detected by the same software that allows their computer-assist-
ed detection. With this software, the detection is performed on 
the rectified EMG signal, using a human-supervised automatic 
approach controlled by the scorer (blind to the treatment as-
signment) that used the newly introduced World Association of 
Sleep Medicine-International RLS Study Group criteria.21 The 
performance of this system has been evaluated and validated,22 
but, in this study, 1 scorer, unaware of treatment assignment, 
visually edited the detections proposed by the automatic analy-
sis before computing the final results. In particular, the PLMS 
index was calculated as the number of leg movements included 
in a series of 4 of more, separated by more than 5 and less than 
90 seconds, per hour of sleep. 

Statistical Analysis
The comparison between the different sleep scoring and leg-

movement parameters obtained before and after the administra-
tion of pramipexole or placebo was carried out by means of the 
nonparametric Mann-Whitney test for independent datasets and 
the Wilcoxon test for paired datasets, as required. The Bonfer-
roni correction was also used to take into account the multiple 
comparisons performed. For this analysis, the commercially 
available Statistica software package (StatSoft, Inc., Tulsa, 
OK, STATISTICA data analysis software system, version 6.) 
was used. Differences were considered significant when they 
reached the P < 0.05 level.

RESULTS
Thirty-four consecutive untreated patients were included 

in this study (11 men and 23 women); 19 patients (6 men and 
13 women, mean age 57.6 years, 9.44 SD) received prami-
pexole and 15 (5 men and 10 women, mean age 55.5 years, 
11.88 SD) were given placebo. The mean score on the In-In-
ternational Restless Legs Syndrome Rating Scale was 26.0 
(range 20-37) for the whole group, 25.5 (range 20-34) for 
the group treated with pramipexole, and 26.5 (range 21-37) 
for the group receiving placebo. The control group included 
13 normal control subjects (5 men and 10 women, mean age 
60.7 years, 12.51 SD).

Table 1 shows the baseline sleep-architecture parameters and 
PLMS index in normal control subjects and the whole group of 
patients with RLS. Among these parameters, only REM sleep 
latency was significantly longer in patients with RLS than in 
normal control subjects; the PLMS index was significantly 
higher in the patient group, as expected. 

The mean VAS score for presleep RLS symptoms before and 
after treatment changed from 6.8 ± 1.47 to 1.3 ± 1.74 (P < 0.0035 
Wilcoxon test) in the pramipexole group and from 7.0 ± 1.58 
SD to 5.8 ± 2.35 (not significant) in the placebo group. The 
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of patients with RLS. None of the comparisons contained in 
this table reached statistical significance; thus, no treatment 
effects were observed on CAP after the first administration of 
either pramipexole or placebo. Figure 1 shows an example of 
polysomnographic recording of one of the subjects treated with 
pramipexole at baseline, with the presence of CAP accompa-
nied by PLMS, and after treatment, with persistent CAP not 
accompanied by PLMS.

self-reported quality of nocturnal sleep was not improved in the 
majority of patients in both subgroups.

Table 2 shows the effects of the first night of treatment with 
pramipexole or placebo on sleep-architecture parameters and 
the PLMS index in the 2 subgroups of patients with RLS. Pa-
tients treated with pramipexole showed a mild but significant 
increase in number of stage shifts per hour, which was accom-
panied by an increase in sleep efficiency and percentage of 
stage 2 sleep and by a decrease in the amount of wakefulness 
after sleep onset and a very evident decrease in the PLMS in-
dex. On the contrary, patients with RLS who were treated with 
placebo did not show any significant change in sleep-architec-
ture parameters or the PLMS index.

Table 3 shows the baseline CAP parameters in normal control 
subjects and the whole group of patients with RLS. In this table, 
many parameters appear to be significantly different in the 2 
groups of subjects. Total CAP rate is significantly increased, as 
is the CAP rate during stage 2 sleep and in slow wave sleep, in 
patients with RLS. Patients with RLS also show a significantly 
different percentage distribution of the CAP A phase subtypes, 
with a decrease in A1 and an increase in A2 and A3. The num-
ber of A2 and A3 phases per hour of sleep is also significantly 
increased in patients with RLS, and the B phase of CAP shows 
a significant decrease in duration. Finally, the mean duration of 
CAP sequences is significantly longer in patients with RLS than 
in normal control subjects.

Table 4 shows the effects of the first night of treatment with 
pramipexole or placebo on CAP parameters in the 2 subgroups 

Table 1—Baseline sleep-architecture parameters and PLMS index in 
normal control subjects and patients with RLS

Controls (n = 13) RLS (n = 34) P Value
TIB, min 503.2 ± 78.87 525.9 ±  67.36 NS
SPT, min 463.0 ± 58.40 488.6 ± 70.89 NS
TST, min 376.7 ± 57.02 390.0 ± 79.83 NS
Sleep latency, min

Overall 28.2 ± 30.10 25.4 ± 28.75 NS
REM 67.8 ± 37.85 113.8 ± 61.22 0.018

Stage shift, no/h 9.4 ± 2.17 11.8 ± 4.19 NS
Awakenings, no/h 4.6 ± 2.86 4.4 ± 2.57 NS
Sleep efficiency,% 76.1 ± 14.44 74.4 ± 13.18 NS
WASO, % 17.7 ± 14.68 20.1 ± 12.81 NS
Sleep stage, %

1 4.4 ± 3.82 5.8 ± 4.72 NS
2 50.5 ± 13.11 42.0 ± 10.31 NS
SWS 11.2 ± 9.25 15.8 ± 8.36 NS
REM 16.2 ± 6.87 16.3 ± 6.11 NS

PLMS index 9.2 ± 10.40 41.0 ± 28.41 0.00002a

Data are presented as mean ± SD. The Mann-Whitney test was used 
to determine the P values. The percentages of wakefulness after sleep 
onset (WASO) and sleep stages are referred to sleep period time (SPT). 
RLS refers to restless legs syndrome; PLMS, periodic leg movements of 
sleep; TIB, time in bed; TST, total sleep time; REM, rapid eye movement; 
SWS, slow wave sleep; aSignificant after Bonferroni correction.

Table 2—Sleep-architecture parameters and PLMS index in patients with 
RLS at baseline and after pramipexole or placebo treatment

PRAMIPEXOLE (n=19) Baseline Treatment P Value
TIB, min 532.3 ± 65.00 523.2 ± 45.69 NS
SPT, min 495.5 ± 71.76 498.6 ± 49.69 NS
TST, min 382.4 ± 80.71 415.7 ± 62.51 NS
Sleep latency, min

Overall 25.3 ±33.28 15.2 ± 14.94 NS
REM 125.4 ±72.59 131.1 ± 80.11 NS

Stage shift, no/h 11.4 ±4.13 13.7 ± 4.44 0.028
Awakenings, no/h 4.6 ±2.61 5.6 ± 3.63 NS
Sleep efficiency,% 72.1 ±14.06 79.4 ± 9.28 0.022
WASO, % 23.0 ± 12.14 16.6 ± 9.06 0.036
Sleep stage, %

1 5.1 ± 5.11 5.5 ± 5.22 NS
2 40.3 ± 9.40 51.2 ± 12.59 0.0017a

SWS 16.4 ± 7.33 15.1 ± 8.03 NS
REM 15.2 ± 6.52 11.6 ± 4.88 NS

PLMS index 40.2 ± 30.20 7.9 ± 10.66 0.00013a

PLACEBO (n=15)
TIB, min 517.8 ± 71.66 474.4 ± 98.64 NS
SPT, min 479.9 ± 71.27 444.9 ± 94.95 NS
TST, min 399.7 ± 80.40 353.7 ± 81.39 NS
Sleep latency, min

Overall 25.5 ± 22.90 19.8 ± 21.87 NS
REM 99.1 ± 40.56 125.6 ± 65.84 NS

Stage shift, no/h 12.2 ± 4.37 12.1 ± 4.32 NS
Awakenings, no/h 4.3 ± 2.59 4.3 ± 2.50 NS
Sleep efficiency,% 77.4 ± 11.79 75.3 ± 12.20 NS
WASO, % 16.4 ± 13.08 19.5 ±13.24 NS
Sleep stage, %

1 6.7 ± 4.16 6.1 ± 4.74 NS
2 44.3 ± 11.30 43.4 ± 10.52 NS
SWS 14.9 ± 9.71 16.2 ± 6.54 NS
REM 17.7 ± 5.43 14.7 ± 4.67 NS

PLMS index 42.0 ± 26.97 54.4 ± 33.42 NS

Data are presented as mean ± SD. The Wilcoxon test was used to 
determine the P values. The percentages of wakefulness after sleep 
onset (WASO) and sleep stages are referred to sleep period time (SPT). 
RLS refers to restless legs syndrome; PLMS, periodic leg movements of 
sleep; TIB, time in bed; TST, total sleep time; REM, rapid eye movement; 
SWS, slow wave sleep; aSignificant after Bonferroni correction.
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DISCUSSION
To our knowledge, this is the first paper looking at CAP 

in patients with RLS and the therapeutic effect of dopamine-
receptor agonists on CAP in these patients. Moreover, as in-
troduced above, there are not many studies in the literature 
reporting the effect of dopamine-receptor agonist treatment on 
polysomnographic data of patients with RLS. As an example, 
Jama et al.23 recently reported that pramipexole is effective for 
reducing PLMS and decreasing sleep latency after 3 weeks of 
treatment; other sleep parameters showed lesser, usually sta-
tistically nonsignificant, changes, in contrast with the patients’ 
subjective ratings of RLS severity and sleep disturbance, which 
were significantly improved. Pramipexole has also been shown 
to be effective after its first administration on the PLMS in-
dex and subjective RLS severity; however, concerning poly-
somnography parameters, Saletu et al.4 reported that increased 
sleep efficiency was accompanied by an increase in stages 1 
and 2 sleep and stage shifts, whereas slow wave sleep and REM 
sleep decreased. Similar results were reported in 2 additional 
studies by Manconi et al., with statistical significance only for 
the increase in stage 2 sleep in 1 report5 and for sleep efficiency 
and stage 2 sleep in the other.6 In this new study, we have been 
able to confirm these findings and report an increased number 
of stage shifts per hour, increased sleep efficiency, decreased 

Table 3—Baseline CAP parameters in normal control subjects and 
patients with RLS

CAP rate, %
Controls 
(n = 13)

RLS 
(n = 34)

P 
Value

Total 42.0 ± 14.67 75.2 ± 11.90 0.000006a

During sleep stage
1 34.2 ± 24.21 67.5 ± 117.83 NS
2 39.2 ± 17.99 75.1 ± 13.57 0.000013a

SWS 60.5 ± 22.46 82.8 ± 14.33 0.01
CAP A subtype, %

A1 59.4 ± 21.78 31.7 ± 13.40 0.0005a

A2 25.1 ± 11.45 35.5 ± 11.12 0.017
A3 15.5 ± 12.91 32.9 ± 16.55 0.002a

CAP A subtype mean duration, s
A1 7.7 ± 1.79 7.5 ± 0.90 NS
A2 10.3 ± 3.16 8.1 ± 0.78 0.038
A3 11.4 ± 3.43 11.2 ± 1.47 NS

CAP A subtype, no/h
A1 34.1 ± 16.43 36.1 ± 17.49 NS
A2 15.4 ± 10.47 39.6 ± 14.68 0.000053a

A3 8.3 ± 9.26 36.6 ± 26.32 0.000012a

B phase mean duration, s 22.8 ± 2.81 17.6 ± 2.60 0.000022a

CAP sequence
Mean duration, s 209.7 ± 41.45 473.3 ± 221.04 0.000005a

Number 35.8 ± 9.90 32.5 ± 8.95 NS

Data are presented as mean ± SD. The Mann-Whitney test was used 
to determine the P values. CAP refers to cyclic alternating pattern; 
RLS, restless legs syndrome; SWS, slow wave sleep; aSignificant after 
Bonferroni correction.

Table 4—CAP parameters in patients with RLS at baseline and after 
pramipexole or placebo treatment

PRAMIPEXOLE (n = 19)
Baseline TreatmentCAP Rate, %

Total 73.3 ± 13.71 71.8 ± 14.59
During sleep stage

1 78.8 ± 157.99 38.9 ± 24.49
2 73.0 ± 15.90 72.0 ± 16.34
SWS 78.2 ± 17.60 80.4 ± 16.11

CAP A subtypes, %
A1 33.3 ± 14.04 28.1 ± 16.33
A2 30.6 ± 10.83 35.4 ± 13.02
A3 36.0 ± 17.53 36.5 ± 17.39

CAP A subtypes mean duration, s
A1 7.7 ± 0.89 7.2 ± 0.94
A2 8.1 ± 0.83 7.8 ± 0.48
A3 10.5 ± 1.29 11.2 ± 1.28

CAP A subtype index, no/h
A1 37.5 ± 17.95 31.8 ± 21.17
A2 33.9 ± 14.40 39.5 ± 21.18
A3 41.3 ± 31.52 36.5 ± 17.88

B phase mean duration, s 17.2 ± 2.87 17.8 ± 2.28
CAP sequence

Mean duration, s 406.0 ± 125.98 434.1 ± 266.66
Number 34.4 ± 7.79 40.9 ± 11.82

PLACEBO (n = 15)
CAP Rate, %

Total 77.6 ± 9.02 75.6 ± 10.91
During sleep stage

1 53.1 ± 15.39 44.1 ± 17.51
2 77.8 ± 9.75 75.2 ± 11.87
SWS 88.4 ± 5.73 88.4 ± 8.11

CAP A subtypes, %
A1 29.5 ± 12.70 30.3 ± 10.95
A2 41.6 ± 8.34 42.5 ± 10.64
A3 28.9 ± 14.85 27.2 ± 11.16

CAP A subtypes mean duration, s
A1 7.3 ± 0.91 7.4 ± 0.99
A2 8.2 ± 0.73 8.3 ± 0.71
A3 12.1 ± 1.23 12.0 ± 1.33

CAP A subtype index, no/h
A1 34.2 ± 17.32 34.8 ± 16.14
A2 46.7 ± 11.95 46.8 ± 17.33
A3 30.7 ± 16.95 28.0 ± 12.10

B phase mean duration, s 18.0 ± 2.24 18.4 ± 3.11
CAP sequence

Mean duration, s 558.5 ± 284.34 498.4 ± 208.12
Number 30.1 ± 9.96 28.7 ± 7.47

Data are presented as mean ± SD. The Wilcoxon test was used to 
determine the P values, all which were nonsignificant. CAP refers to cyclic 
alternating pattern; RLS, restless legs syndrome; SWS, slow wave sleep.
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tween these patients and normal 
control subjects than do clas-
sic sleep-architecture param-
eters. Patients with RLS show 
a higher NREM sleep instabil-
ity, with approximately 75% 
of this sleep stage occupied by 
CAP sequences; moreover, both 
the shorter and more frequent 
A2 (and A3) subtypes indicate a 
different CAP time structure be-
tween normal control subjects 
and patients with RLS. This 
allows us to make some impor-
tant, even though speculative, 
considerations. First of all, it is 
necessary to take into account 
the role that CAP might have in 
sleep-related cognitive process-
ing because there is convincing 
preliminary evidence of its cor-
relation with some sleep-depen-
dent cognitive functions.24-26 
Thus, it is possible to speculate 
that CAP alterations might have 
a role in the mechanisms of 
cognitive dysfunction reported 
in patients with RLS27,28; how-
ever, this study does not provide 
direct evidence of this but does 
open a possible new field of re-
search. Cognitive alterations in 
RLS have been indicated to be 
similar to those expected as a 
consequence of sleep loss,27,28 
even if they might appear to 
be less pervasive, probably due 
to adaptation.29 Classic sleep-
architecture parameters would 
seem to be in disagreement with 
this view, with classic param-
eters of patients with RLS being 
very similar to those of control 

subjects, but CAP alterations clearly provide additional detailed 
information on sleep microstructure alterations in RLS, which 
might play an important role. 

In this study, we were also able to confirm that, besides 
the dramatic decrease of PLMS and the subjectively reported 
amelioration of RLS symptoms, the first administration of 
pramipexole is followed by minor changes in classic sleep-
architecture parameters4-6 and by no changes in sleep micro-
structure, which continues to be characterized by a high amount 
of sleep instability or discontinuity. This also confirms prelimi-
nary anecdotal evidence reported in a patient with alternating 
leg movement activity, who continued to have a high CAP rate 
after some weeks of treatment with pramipexole.30 

Also, in this case, there is an evident discrepancy between 
classic sleep-architecture parameters and CAP parameters. It 
should also be noted that, after the first night of treatment with 

wakefulness after sleep onset, and increased percentage of stage 
2 sleep. However, it should be noted that, at baseline, these pa-
rameters were substantially the same as those previously report-
ed by Montplaisir et al.2 in a large cohort of patients with RLS 
and were not different from those of normal control subjects. 
Even if patients tended to have an increased number of stage 
shifts per hour and wakefulness after sleep onset and decreased 
percentage of stage 2 sleep in comparison with control subjects, 
these differences did not reach statistical significance. In fact, 
overall, the sleep-architecture parameters found at baseline in 
our patients with RLS do not seem to be substantially differ-
ent from those expected for the patients’ age, and only REM-
sleep latency appeared to be significantly longer than normal, 
beside the expected higher number of PLMS. This first study 
on CAP in RLS clearly demonstrates that this type of analy-
sis shows many more significant differences, at baseline, be-

Figure 1—Example of polysomnographic recording of 1 of the subjects treated with pramipexole at baseline. 
Note the presence of cyclic alternating pattern (CAP) transients accompanied by periodic leg movements of sleep 
(PLMS) in the baseline recording; the transients are not accompanied by PLMS after treatment. EOG refers to 
electrooculogram; ECG, electrocardiogram.
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A possible pathogenetic hypothesis for RLS, supported by 
theoretical reasoning and experimental evidence, indicates the 
involvement of the descending inhibitory dopaminergic path-
ways that from the hypothalamic A11 regions project to the D3 
receptors located in the dorsal and intermediolateral nucleus 
of the spinal gray matter.31-33 Pramipexole, which is a selec-
tive D3-receptor agonist, might alleviate RLS symptoms and 
reduce PLMS by acting on the same D3 receptors of the spinal 
dorsal and intermediolateral gray matter. With our study, we 
can confirm that acute pramipexole administration seems to 
exert very limited action on the central sleep microstructure 
mechanisms, and the moderate effects seen on sleep architec-
ture might be interpreted as the beneficial consequence of the 
removal of presleep RLS symptoms and reduction in PLMS. 

We did not study, in details, the complex relationship be-
tween CAP and PLMS21,34,35 in the present investigation; how-
ever, both PLMS and CAP are accompanied by significant 
changes in autonomic function, as demonstrated by studies on 
heart rate36-40 and blood-pressure variability,41-43 during sleep 
in patients with RLS, and we believe that this area deserves 
further attention and controlled studies.

This study has some limitations. First, the reliability of CAP 
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programming eventual new or add-on therapeutic strategies in 
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but also sleep microstructure abnormalities, represented by the 
excessive sleep instability or discontinuity. 
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