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Objective: In this study we examine the temporal connection 
between periodic leg movements (PLMs) and cortical arousals, 
as well as the treatment effect of pramipexole, in a clinical case 
with spinal cord lesion.
Methods: A patient with complete cervical spinal cord 
injury and PLMs during sleep underwent two baseline sleep 
recordings, one recording with dopaminergic treatment, and 
one recording with adaptive servoventilation.
Results: The PLMs were temporally dissociated from cortical 
arousals as well as from respiratory or heart rate events. PLMs 
were suppressed by pramipexole and persisted after treatment 
of apnea.
Conclusion: The disconnection of PLMs from arousals 

supports a spinal generator or peripheral trigger mechanism for 
PLMs. The suppression of movements by a dopamine agonist 
suggests that its site of action is caudal to the cervical lesion 
and outside of the brain. Our observation provides signifi cant 
new knowledge about the pathogenesis of PLMs and warrants 
studies in larger populations.
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There is no common agreement on the origin of periodic leg 
movements (PLMs) during sleep. PLMs are suppressed 

by dopaminergic therapy, which has led to a hypothesis of 
dopaminergic dysfunction in the brain1 or in the hypothalamo-
spinal inhibitory pathways.2 PLMs are accompanied by simul-
taneous heart rate elevations and cortical arousals.3 However, 
the suppression of PLMs does not affect cortical arousals, 
and pharmacological reduction of cortical arousals does not 
affect PLMs.4 This may imply that PLMs and EEG arousals 
are simply synchronized with each other without a necessary 
causal relationship.

PLMs have also been described in spinal cord injury 
(SCI).5 These fi ndings do not support the hypothesis of cere-
bral origin of PLMs. The movements in this subgroup of 
patients have not been analyzed in detail. In this study, we 
describe a clinical case with complete SCI in whom dopami-
nergic-responding PLMs are not synchronized with cortical 
and autonomic arousals.

REPORT OF CASE

A 35-year-old male, with a cervical SCI sustained in a car 
accident 17 years prior to the study, underwent 4 polysom-
nographic studies. The initial polysomnogram was a part 
of a larger project focusing on neuroimaging and respira-
tory functions in patients with cervical SCI. Magnetic reso-
nance imaging confi rmed the complete cervical spinal lesion 
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between vertebrae C3 and C5. The patient had no motor or 
sensory function below the C5 level. The patient was treated 
with tizanidine (12 mg daily) and baclofen (30 mg daily) for 
muscle spasticity. The patient did not suffer from RLS or 
daytime sleepiness.

Two baseline recordings revealed excessive PLMs (PLM 
index 138/h and 36/h). Severe obstructive sleep apnea (apnea-
hypopnea index 45.5/h and 74.5/h) was also discovered. 
The analysis of interval distributions of PLMs6 revealed a 
leptokurtic peak at 20-30 seconds in baseline recordings 
(Figure 1).

Cortical arousals, heart rate elevations, and respiratory 
events were synchronized but consistently temporally disso-
ciated from PLMs (supplemental Figure S1). Increases in the 
heart rate were associated with the respiratory events, but were 
absent after PLMs (Figure 1). Resumption of respiration with 
cortical and autonomic arousals at the termination of apnea was 
not accompanied by PLMs.

To assess the response of the leg movements to dopamine 
agonists, a single test dose (0.25 mg) of pramipexole, a D3 pref-
erential dopamine receptor agonist,7 was administered before a 
third recording. Pramipexole abolished PLMs completely. The 
sleep apnea was treated with adaptive servoventilation during a 
fourth night. The treatment resolved the sleep apnea, but PLMs 
persisted (PLM index 69.9/h).

The study was approved by the local ethics committee. 
Written informed consent was obtained from the patient.
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DISCUSSION

Our case study indicates that PLMs may occur despite a 
complete lesion of the motor and sensory pathways at the level 
of the cervical spinal cord. However, they are not accompa-
nied by the usual synchronous cortical events or heart rate 
responses. Our study also demonstrates that pramipexole is able 
to suppress PLMs even in the absence of a brain connection. 
These findings support the existence of a spinal generator or 
a peripheral trigger of PLMs. Suppression of PLMs by prami-
pexole suggests that the cerebral effects of dopamine agonists 
are not critical for achieving the therapeutic response.

Movements in our subject fulfill the standard criteria for 
PLMs. Their distribution of inter-movement intervals was 
typical for PLMs, and they were suppressed by pramipexole. 
Therefore they cannot be classified as other motor disorders 
frequently associated with myelopathies, such as spasticity or 
myoclonus.

Appearance of PLMs without synchronous cortical events in 
a patient with an impaired upper motor neuron suggests that 
the origin of the movements is outside the brain. Therefore, a 
spinal pacemaker or a peripheral trigger of PLMs is likely. This 
is supported by the absence of cardiac responses to PLMs in 
our subject. The findings are in line with the A11 theory of the 
origin of PLMs.2 Lack of supraspinal dopaminergic inhibition 
could result in activation of a pacemaker in the spinal cord to 
generate PLMs. Alternatively, a peripheral afferent stimulus 

triggering PLMs as a spinal reflex would also be supported by 
our findings.

The suppression of PLMs by pramipexole suggests that also 
the site of action of dopamine agonists in the suppression of 
PLMs is located outside of the brain. Spinal cord is one candi-
date for the site of action, but dopamine receptors are also 
present outside the nervous system.

In conclusion, PLMs may be generated independently from 
the brain, appear in disconnection from cortical events and 
from autonomic activations, and can be suppressed by a dopa-
mine agonist without connection to the brain. These findings 
shed new light on the pathophysiology of PLMs, suggesting a 
spinal generator, with or without the concurrence of peripheral 
triggers. SCI is an interesting model for studying the mecha-
nism of PLMs, also allowing systematic investigations in larger 
populations to confirm these results.
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Figure 1

Arousals resulting from events of sleep apnea were characterized by heart rate elevations (upper left panel). Heart rate elevations were not associated with 
PLMs (lower left panel). However, during baseline recordings, leg movements were characterized by the usual peak at 20-30 seconds in the distribution 
of inter-movement intervals (right panels). The peak was suppressed by pramipexole. PLMS, periodic leg movements during sleep; PLMW, periodic leg 
movements during wakefulness.
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Figure S1—Temporal disconnection between leg movements and cortical arousals is demonstrated by a sample from the first 
baseline sleep recording
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