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Sleep-related movement disorders 
Restless legs syndrome 

 

Sleep-breathing disorders 
Obstructive sleep apnea 

 
 

 

 

 

 

 

 

 

Sleep-related movement disorders 
Restless legs syndrome 

 

Sleep-breathing disorders 
Obstructive sleep apnea 
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Etiology/ Pathogenesis 
 

 

 

 

Trenkwalder et al., 2016 

 
 

 

 

Ohayon, 2012 

female (n=26,150) male (n=23,282) 

Epidemiology 
• General population: 1-15% 
• 1-3% need pharmacotherapy 
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Pathogenesis- 
dopamine/iron 

BID- brain iron deficiency 
 

 

 

Iron transport dysregulation- BBB 
-> acquisition of iron in the brain low 

 

 

 

Earley, 2014 

 
 

 

 

MEIS 1 and -2 involved in 
development of basal ganglia in 
the human brain 
 

Freemann and Rye, 2013; Drgonova, 2015; Ferré, 2018 

Altered PTPRD in RLS Risk genes 

Genetic predisposition 
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Pathogenesis- 
dopamine/iron 

 
 

 

 
DAT, dopamine transporter; 3OMD, 3-Omethyldopa; Th, tyrosine hydroxylase. 

 
Salas et al, 2010 

 
 

 

 

 

Iron for dopamine synthesis 
 

 
Tyrosinhydroxylase 

Iron 

 
 

 
 

Kreutzig T., Kurzlehrbuch Biochemie, Elsevier, Urban & Fischer, 2006, 214 
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Pathogenesis- 
dopamine/ adenosine/ glutamatergic 

 
  A1R -  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ferré, 2018 

 
 

 

 

Pathogenesis- 
dopamine/ adenosine 

Iron diet (7 weeks) 
 
 

  

 

 

 
Quiroz, 2016 
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Symptoms 

 
 

 

 

Circadian dopamine levels 
 
 

 

 
Adapted from: Sleep and Movement Disorders; Chokroverty S et al., 2013 
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Symptoms 
Periodic limb movements 

 
• Periodic limb movements in sleep consist of 

flexion movements at the ankles, knees and 
hips, and sometimes the arms, recurring every 
5 to 90 seconds 

 
• Usually bilateral 

(>90%), 

• rarely unilateral 

 
 

 

 

Symptoms 
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Symptoms 
Periodic limb movements 

 
•  PLM often associated 

with arousal (defined 

as separated less 

than 0.5 sec.) 

 
• In >85% of RLS 

Symptoms 
Periodic limb movements 
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Symptoms / Diagnosis 
 

 
 

 

 
Trenkwalder, 2013; European Sleep Textbook, 2014 

 

 

 
Differentialdiagnosis 

 

 

 

 

 

 

 

Bogan, 2013 
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Questionnaires 

 
IRLSSG- rating scale 

 

 
 

 
 

Trenkwalder, 2010 

Li, 2013 Hwang et al., 2018; Innes, 2012 

Association between RLS severity and 
mortality among relatively healthy men 

Increased risk for hypertension 
OR 1,12-2,5 

Associated symptoms/ disorders 
Cardiovascular diseases 
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Autonomic/sympathetic activation- 
PLM 

 

 

 

 

 

 

 

 

 
Pennestri, 2007 

Gottlieb et al., 2017 

cardiovascular disorders 
RLS/PLMS – Model 
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Prospective study: RLS-Psy-Co 

Kallweit et al., 2016 

A psychiatric disorder was 

found in 39% of RLS patients 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Psychiatric disorder N 

Major depression 8 (16.3%) 

Anxiety disorder 6 (12.2%) 

Somatoform disorder * 9 (18.3%) 

* Subtyp psychogenic pain 
disorder 

8/9 

Post- traumatic stress 
disorder (PTSD) 

2 (4.1%) 

Eating disorder 1 (2%) 

Associated symptoms/ disorders 
Psychiatric disorders 

 
Increased risk for depression and anxiety 
OR 2-4 

 

 
 

 
Hornyak, 2010 
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Hoque et al., 2010 

Other 

Cimetidin 
Metoclopramid 
Clozapin, Haloperidol, Olazapin, 
Quetiapin, Risperidon 
Lithium 
Simvastatin 
Tramadol 
Interferon α 
Phenytoin, Methsuximid 

Antidepressants (SSRI, SNRI) 

Medication inducing or deteriorating RLS 

Therapy 
 

 

 

 

 

 

 

 

 

 
 

Nordlander BG; Acta Med Scand 1953;145(6):453-457 
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Iron therapy 

Ulfberg J et al., WASM Berlin 2005 

Eisensulfat (oral) 
Monat 12 baseline Woche 8 

Eisensucrose (i.v.) 

baseline Monat 12 Woche 8 

14 

12 

10 

8 

6 

4 

2 

0 

i.v. iron therapy more 
effective (p=0.0022) 16 

Oral vs. iv. iron therapy 

R
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RLS- Therapy 
 

 
 

 

 

 
Gabapentin enacarbil, pregabalin and rotigotine are equally effective in restless 
legs syndrome: a comparative meta-analysis. 
Iftikhar IH, Alghothani L, Trotti LM. Eur J Neurol. 2017;24:1446-1456. 

 

RLS – therapy 
 
 

 

 
 

Zucconi,2018 
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PLM/ blood pressure 
under DA-Therapie 

 
 

 

 
Manconi , 2011 

Cholley-Roulleau M et al, PLoS One, 2017 

(...) most of the treated 

patients for primary RLS 

had no association with 

CVD and hypertension (...) 

Bauer A et al., Neurology, 2016 

PLM/ blood pressure 
under DA-Therapie 



6/29/2019 

19 

 

 

 
 

 

 

 
DA-therapy improves depression in RLS 

RLS- Augmentation 
 

Definition 
- main complication of dopaminergic treatment of 

RLS (levodopa > dopamine receptor agonists). 
RLS symptoms 
 appear earlier in the afternoon or evening 
- have a quicker onset after rest 
- are more intense 
- are spread to different parts of the body 
- shorter duration of medication effect 
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RLS- Augmentation 
 

 

 

 

 

 

 

 

 

 
Bogan, 2013 

 

Circadian dopamine levels 
 

 

 

 

 

 

 

 

 
Aus: Sleep and Movement Disorders; Chokroverty S et al., 2013 
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RLS- Augmentation 
 

 
Bogan, 2013 

Long term DA treatment with 

Rotigotin patch 
 

 

 

 

 

 

 

 

 

 

 
IRLS= International Restless Legs Study Group Ratings Scale, *Safety Set (n=295) 

Adapted from Oertel W. et al. Lancet Neurol 2011; 10(8):710-20 

n=129 n=146 n=159 n=190 n=220 

0 
Titration 
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Time (Months) 
n=295 
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IRLS Score * 

Remitter (IRLS≤10): 59% of patients 

Symptomfree (IRLS=0): 39% of patients 

I
R

L
S

 S
u

n
m

m
e
n

s
o

r
e
 (

0
 –

 4
0

)
 

(
M

it
te

lw
e
r
t)

 



6/29/2019 

22 

 

 

 
 

 

 

 

 

 

 

 

Sleep-related movement disorders 
Restless legs syndrome 

 

Sleep-breathing disorders 
Obstructive sleep apnea 

Phenotyping 
Residual sleepiness 

OSA Pathophysiology 
 

 

 

 

 

 

 
Trudo FJ et al., 1998 
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Apnoea 
 

 

 
 

 

 

 
Osman, 2018 

Apnoea Normal respiration 

Apnoea 
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OSA-Types/ 
Therapy 

 

 

 

 

 

 

 
 

Osman A et al., Nat Sci Sleep 2018; Subramani Y et al., Anesth Analg, 2017; Horner R, 2008; Murkherjee S, 2018 

PAP in OSA improves ESS 
 

 

 

ESS 
 

 

 

 

 

 
MWT: +2.4 min 
MSLT: +1.25 min 

Giles TL, et al., 2008 



6/29/2019 

25 

 

 

 
 

 

 

“Residual“ sleepiness in 
Obstructive Sleep Apnea (OSA) 

5-15% R-EDS in OSA (ESS >10) 

 

 

 

 

 

 

 
Guilleminaut & Philip, 1996; Koutsourelakis I et al., 2009; 

Pepin JL et al., 2009; Vernet I et al., Eur Respir J, 2011 

 

Differential diagnosis of 
sleepiness in OSA 

 

 

 

 

 

 

 

 
 

Chapman et al., Sleep Med, 2011 
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Diagnosis OSA (?) 

 

Diagnosis OSA (?) 
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Differential diagnosis of 
sleepiness in OSA 

 

 

 

 

 

 

 

 
 

Chapman et al., Sleep Med, 2011 

Therapy besides of PAP 

 
Hypoglossal nerve stimulation 

  
 

 

 

Friedmann, 2016 
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Eckert D, et al. 2014 

Solriamfetol 
(under review EMA) Change of arousal threshold 
Other 

Treatment of OSA 
- according phenotype 

Treatment for EDS in OSA 

Outlook 
 
Pharmacological management 

Outlook 
 

Pharmacological management 

 
Treatment of OSA 
- according phenotype 

 

Activation of muscle tone 

Ondansetron + 

Fluoxetin (5-HT2/3 / Serotonin) 

 

 

 

 

 
Prasad et al., 2010 
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Time: 15:45 – 16:45 h 
Room: VIP Room, exhibition, blue area 
Activity: Sleep Panel Business Meeting 

Time: 13:30 – 14:15 h 
Room: Poster Screen B12 
Activity: Poster session Sleep 2 Time: 17:00 – 18:30 h 

Room: Budapest 
Activity: Oral session: Sleep disorders 

Time: 8:00 – 9:30 h 
Room: Lisbon 
Activity: Interactive Session 5: What can 
movement in sleep tell us about the disease? 

Time: 8:00 – 9:30 h 
Room: Jan Mayen 1 
Activity: Focussed Workshop 10: 
Disturbances of consciousness and 
sleep-wake functions: The lessons 
from brain damaged patients. 

Monday, 1 July Sunday, 30 June 

Sleep neurology at EAN Oslo 


