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Introduction

• Normal sleep structure
• Cycles of rapid eye movement (REM) sleep and non-REM sleep
• REM sleep 

• Generalized muscle atonia, REMs, activated EEG, dreaming
• NREM sleep

• No muscle atonia, absent or diminished dreaming

• REM sleep behavioral disorder (RBD)
• Abnormal behaviors

• Usually dream enactment
• Excess of muscle tone (REM sleep without atonia, RSWA) and/or phasic 

muscle twitching during REM sleep 



Introduction

• Idiopathic RBD (iRBD) vs. symptomatic (or 2ndary RBD)
• 2ndary RBD is mainly associated with α-synucleinopathy neurodegenerative 

diseases (PD, DLB, MSA), narcolepsy type I and antidepressants
• Dream enactment: usually start >2hr after sleep onset

• Predominantly in the 2nd part of the night (longest REM sleep episode)
• Most motor events are simple elementary movements even in severe 

RBD patients
• Violent behaviors are rarely observed

• If present, occurs frequently during phasic REM sleep epochs



Epidemiology
• Limited data on the prevalence of iRBD d/t requirement of video PSG 

(vPSG)
• Koreans study (>60 years of age)

• Initial vPSG to identify abnormal muscle tone  telephoned to screen for dream-
enactment behavior

• 1.15% for PSG-demonstrated iRBD
• 5% for asymptomatic RSWA

• HypnoLaus study – population-based 
• 1.06%

• Spain study (>60 years of age) – primary care centers
• 0.74%

Kang, S. et al., Sleep, 2013

Haba-Rubio, J. et al., Sleep, 2017

Pujol, M. et al., Sleep Med, 2017



Epidemiology
• 2ndary RBD

• 30-50% of PD have RBD
• >70% of DLB or MSA have RBD
• 50% of narcolepsy have RBD or RSWA

• Risk factors
• Strongest risk factors: increased age, male sex
• iRBD

• fifth or sixth decade of life
• Pesticide exposure (and farming), head injury
• Smoking (iRBD > w/o RBD)
• Lower level of education
• Higher prevalence of ischemic heart disease, COPD and depression

• 2ndary RBD 
• Starts at younger age (Narcolepsy type I, autoimmune or brain disorder)



Epidemiology

• RBD is by far the strongest prodromal marker of α-synucleinopathy
• Risk of α-synucleinopathy

• 38% of RBD developed PD or dementia at a mean interval of ~4 years after 
diagnosis  81% after ~14years

• Neurodegeneration or MCI after 5 years  91%  after >14years



Pathophysiology

• Sublaterodorsal tegmental nucleus (SLD)
• Rats with REM sleep hypersomnia

• SLD has a role in the generation of muscle atonia in REM sleep
• SLD neurons express vesicular glutamate transporter 2 (vGLUT2)

• Transport glu into synaptic vesicles
• Required for glu neurotransmission
• Selectively active during REM sleep
• Inactivation of vGLUT2 induces RSWA and RBD and 30% decrease in REM sleep quantities

• RBD patients
• Reduced signal intensity in the LC and SLD  suggesting RBD is induced by 

neurodegeneration of SLD glutaminergic neurons
• However, RBD patients do not have decreased REM sleep quantitiy another system 

downstream of the SLD neuron is involved



Pathophysiology

• GABA and glycine-containing n. of the ventral medulla
• Projection from SLD neurons 
• Projects to spinal motor neurons

• Hyperpolarization of motor neurons during REM sleep  muscle atonia
• Cat study 

• Lesions of the ventral medulla induce RSWA
• Rat study

• Genetic inactiviation with vesicular inhibitory amino acid transporter (vGAT) in ventral 
medulla RSWA and RBD

• RBD patients
• Inflammatory regions of the ventral medulla
• Post-mortem study: Lewy bodies and neuronal loss in the ventral medulla



발표자
프레젠테이션 노트
간략하게 motor cortex 로부터 motor neuron까지의 pathway 를 보여준 figure 에 해당합니다. 



Diagnosis & Screening

• International Classification of Sleep 
Disorders, Third Edition (ICSD-3)

• Dream enactment behavior
• Excessive body and limb jerking
• Complex, goal-directed behavior

• Gesturing, punching, kicking, sitting up, 
leaping from bed

• A large spectrum of non-violent 
behaviors





Diagnosis & Screening

• Eliciting a clear history of dream enactment behavior is difficult
• Half of patients are not aware of the behaviors, and remember the associated 

dream content
• Information from bedpartners is important

• A typical history of dream enactment behavior  Probable RBD 
diagnosis 

• vPSG Definitive diagnosis



REM sleep without atonia

• Definition
• Excessive sustained muscle activity (SMA, tonic) in chin EMG
• Excessive transient muscle activity (TMA, phasic) in chin/limb
• Any chin EMG

• Rule: one or more of the followings
• SMA in chin EMG (recommended)
• TMA in chin or limb EMG (recommended)
• Any chin or limb EMG in 50% or more of 10 mini-epochs (acceptable)





TMA



TMA



SMA
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Dream enactment



Dream enactment



Acting out





Diagnosis & Screening
• RSWA w/o any history or vPSG-recorded behavioral manifestation 

• Frequent among elderly and PD patients
• Might represent an early stage of RBD
• A risk factor for neurodegenerative disease
• 10/14 individuals were positive for at least one biomarker for neurodegeneration after 

8.6yrs
• Screening tools

• The RBD Screening Questionnaire (RBDSQ): 13 items
• Sensitivity (91%), specificity (77%)

• Hong Kong Questionnaire (RBD-HK): 12 items
• Sensitivity (82%), specificity (87%)

• Innsbruck RBD inventory: 5 items
• High sensitivity (91%), specificity (86%)



Biomarkers

• UPDRS score 
of >3 at any time 
point: 4-fold 
increased risk

• MCI increased risk 
for dementia-first 
DLB conversions.

Miglis et al., The Lancet Neurology, 2021

발표자
프레젠테이션 노트
Lancet neurology에 2021년에 게재된 리뷰 논문 
Biomarkers of conversion to α-synucleinopathy



Biomarkers 

• Olfactory loss: 2-3 
fold increased risk 

• Impaired color 
vision: 3 fold 
increased risk

Miglis et al., The Lancet Neurology, 2021



Biomarkers 

Miglis et al., The Lancet Neurology, 2021





RBD and psychiatric symptoms

• Anxiety, apathy and depression were associated with RBD. 
• RBD patients presented higher alexithymia scores. 

• Emotional dysregulation may contribute to depression
• Higher alexithymia score was associated with more nightmare distress

• 44.7% of RBD patients suffered from depressed mood. 
• Depression was associated with reduced ability to recall enacted dreams. 
• Depressed RBD patients may have more neurodegenerative changes than non-

depressed patients.
• Neurodegeneration  less attention & more memory impairment  less likely to recall 

enacted dreams

Molano J et al., The 
Neurology, 2008

Godin I et al., Sleep, 2013

Hyeong Gon, L. et al, 
Psychiatry investigation, 2016



Management

• The primary goals of Management
• Minimize dream enactment behaviors, associated w/ injuries and unpleasant 

dreams 
• To improve patient's and bed partner’s QoL

• Non-pharmacological therapies
• Comorbid OSA should be treated w/ CPAP to improve RBD-like symptoms
• Education and counselling

• Minimize the injury
• Remove sharp and rigid objects away from the bed
• Place soft items btw patients and structures
• To avoid falling from bed, mattress and bedside rails are useful

• Alcohol can trigger or aggravate RBD



Management

• Pharmacological therapies
• First, aggravators should be discontinued

• SSRIs, SNRIs, TCA can aggravate RBD symptoms
• RBD w/ depression: bupropion can be considered

• Clonazepam
• 0.25mg~2mg
• Most effective: behavior and nightmare
• Discontinuation of CNZP can result in rebound RBD
• Drug of choice in individuals w/o substantial cognitive impairment, gait impairment or

untreated OSA
• One study suggests that CNZP reduces tonic activity and decrease number of stage shifts 

in REM sleep  restore REM sleep modulation



Management

• Pharmacological therapies
• Melatonin

• Can be increased to max dose of 12mg/night
• Melatonin PR: 2~6mg

• Few adverse effects – headache and somnolence
• Potentiates the action of GABA on GABAA Rc on spinal motor neurons  reduction in 

muscle atonia in RBD
• Decreases calmodulin affecting cytoskeletal structure and nicotinic acetylcholine Rc in 

skeletal muscle cells
• In some patients, combination therapy of clonazepam and melatonin is more 

effective than using either drug alone. 



Management

• Pharmacological therapies
• No consensus of optimal third-line therapies is available  Trial and error 

approach should be used
• Other drugs reported to improve RBD in case reports or small series

• Ramelteon
• DA agonists
• Choline esterase inhibitors – rivastigmine, donepezil
• Anticonvulsants
• Antipsychotics – clozapine, quetiapine
• Levodopa
• Sodium oxybate

• DLB with severe RBD and V/H refractory to CNZP and melatonin 
quetiapine or clozapine might be reasonable choices.  



Management

• Prevention and consultation of 
conversion to α-synucleinopathy

• No protective therapies for PD or 
DLB

• iRBD can be major target for 
neuroprotective therapies

• Advise patients
• To follow a healthy lifestyle
• To take part in prospective cohort 

studies 

Arnaldi et al., Sleep medicine reviews, 2017
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