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Supportive	criteria	(2003)	can	help	if	the	
diagnosis	is	unclear

� Positive family history
� Response to treatment with dopaminergic 

medications
� Periodic Limb Movements (PLMs)

Allen RP, Sleep Med, 2003



Periodic	Limb	Movements	(PLMS)
� Repetitive, involuntary movements
� Typically flexion of great toe & dorsiflexion of 

the ankle, but variable
� Remarkably periodic at 20-40 seconds (in RLS)
� Sleep or waking
� Seen in >90% of RLS patients when monitored 

for five nights
� Associated with increase in HR and beat-to-beat 

blood pressure

Pennestri M, Neurology, 2007; Trotti LM, Sleep Med, 2009



RLS	is	common	in	adults,	with	regional	
variation	in	prevalence

Slide courtesy of David Rye, MD, PhD



Epidemiology	of	RLS

� Onset and severity increase with age
� affects ~2% of those aged 8-17 yrs old; in 0.5-1.0% 

considered clinically significant

� Twice as common in women 
� Effect of parity

� rate in men = rate in nulliparous women

Pantaleo N, Sleep Med 2010; Berger K, Arch Int Med, 2004





Chromosome 6p21.2: Intron 5 of the BTB (POZ) domain 
containing 9 gene (BTBD9)

Significant	associations	within	introns	of	
BTBD9,	Meis1,	&	MAP2K5/LBXCOR1

Chromosome 2p12: Intron 8 of the Meis1 homeobox 1 gene

Chromsome 15q23: region of MAP2K5 & LBXCOR1

Population attributable risk of 3 SNPs = 0.70-0.80
Stefansson H, NEJM, 2007; Winkelmann J, Nature Genetics, 2007



Additional	GWAS	results
� PTPRD (9p22-24)

� TOX3/non-coding RNA BC034767 (16q12.1)

� Distinct locus on 2p14 (possibly regulating Meis1)

Schormair B, Nat Genet, 2008; Winkelmann J, PLOS Genetics, 2011



RLS	susceptibility	is	genetically	determined,	
environmentally	provoked

� Often triggered by another condition/illness
� Iron deficiency
� Renal failure
� Pregnancy

� Myelopathy, varicose veins, rheumatologic disease, 
pulmonary disease, GI disease … 



Trenkwalder C, Neurology, 2016



Pathophysiology:		Iron
� Iron deficiency and RLS co-occur

� Iron deficiency in 25-44% of RLS patients
� RLS in 40% of iron deficient patients

� Pathophysiology
� Serum iron nadirs in the evening (8 to MN)
� Small CSF, MRI, and autopsy studies all support decreased CNS iron stores 

(especially in substantia nigra)
� Iron deficient animals show abnormal function of DA system (synthesis, 

clearance/DAT function, receptor trafficking)

Aul E, Neurol, 1998; Akyol A, Clin Neurol Neurosurg, 2003



Pathophysiology:	Dopamine
� Dopamine deficiency?

� Dopamine agonists improve symptoms
� Dopamine antagonists worsen symptoms
� Diurnal variation in dopamine with nadir matching peak RLS symptoms

� Excess striatal dopamine?
� Elevated dopamine metabolites (CSF)
� Increased synaptic DA in striatum (balance of conflicting imaging studies)
� Increased tyrosine hydroxylase in nigra (autopsy)

Earley CJ, Sleep Med, 2014; Koo BB, Parkinsonsism and Related Disorders, 2016





• Two studies not included (one beneficial, the other not)

Cho YW, 2016, Sleep Medicine; modified from Trotti, Cochrane Database Syst Reviews, 2012

Iron	for	the	treatment	of	RLS



Pharmacologic	treatment
� Treatments approved by the FDA:

� Ropinirole (Requip®, 2005)
� Pramipexole (Mirapex®, 2006)
� Gabapentin enacarbil (Horizant®, 2011)
� Rotigotine (Neupro®, 2012)



Dopamine	agonists
� Metabolism:

� Pramipexole: renally excreted unchanged
� Ropinirole/Rotigotine: hepatic metabolism

� Side effects:
� Nausea
� Somnolence
� Peripheral edema
� Impulse control disorders
� Augmentation



Gabapentin	enacarbil
� Gabapentin prodrug: NOT bioequivalent to 

gabapentin
� 600 mg once a day (dinnertime) dosing

� Most common side effects:
� Dizziness
� Somnolence

� (Gabapentin and pregabalin also effective for RLS in 
clinical trials but not FDA-approved for that use)



Third-line:	opiates
� N = 276

� IRLS > 15
� Failed other treatment

� Starting dose: oxycodone 
5 mg/
Naloxone 2.5 mg bid 

� Max dose: 40/20 mg bid
� Mean final dose: 11/5.5 

mg bid 

� CDC guidelines:
� 50 MME = 33 mg 

oxycodone daily
� 90 MME = 60 mg daily



P < 0.0001 for placebo vs 
oxycodone/naloxone at 2, 
3, 4, 8, 12 week time points

Trenkwalder C, Lancet Neurology, 2013





Does	spinal	anesthesia	cause	RLS?
Hogl B et al, Neurology, 2002 Crozier TA et al, NEJM, 2008
Prospective, n = 202 (spinal) Prospective, n = 147 (spinal)

RLS diagnosis Expert diagnosis vis IRLSSG 
questions; IRLS severity; at 48-72 
hrs, 1 wk, 1 mo, 3 mo, 6 mo

Standardized questionnaire at 
admission, 1 wk, and 4 weeks post 
op; positives confirmed

Controls -- General anesthesia

Anesthetic agent Bupivacaine Bupivacaine or mepivacaine

Surgical procedures Ortho (n = 90)
C-sections (n = 72)
Urologic (n = 28)
Gyn (n = 8)
Vascular (n = 4) 

Ortho (n = 85)
Urologic (n = 59)
Inguinal (n = 3)

Demographics 71% women, mean age 53 43% women, mean age 62

Results -14 new cases of RLS (8.7%; of 147 
without pre-existing RLS)
-average onset 7.3 d after surgery
-sx persisted average 33 d

0 new cases of RLS; 0 exacerbations 
of RLS



RLS	and	surgery
� Missed medication doses

� Restraints/immobilization

� Medications that exacerbate RLS

� Others: sleep deprivation, blood loss (CNS 
iron deficiency), peripheral injury



Missed	medications/NPO
� 2 hours from oral dosing to relief of symptoms

� Anticipate rather than respond to symptoms

� Dopamine discontinuation syndrome

� Strongly circadian
� Try to schedule for am procedures

� Parenteral opiate until tolerating po

� Rotigotine patch if prolonged NPO anticipated?



Rotigotine patch	and	surgery	in	RLS
� Retrospective review of open-label 

extension data

� 61 surgeries in 52 patients
� Mean dose 3.1 +/- 1.1 mg

� 95% continued same dose throughout 
perioperative period

� Suspended in 1 (for surgery)
� Discontinued in 2 (one for pregnancy, 

other unclear)

Hogl B, BMC Neurology, 2012



Rotigotine patch	and	surgery	in	PD

� 14 PD patients converted from 
dopaminergics to rotigotine patch

� Last oral dose taken noon on 
preop day; first patch applied 7 pm 
on preop evening

� 5 serious AEs
� 1 very likely related 

(hallucinations)
� 1 possibly related (12 s asystole)

Wullner U, J Neural Trans, 2010



Immobilization	worsens	both	sensory	and	
motor	components	of	RLS

Michaud M, Mov Disord, 2002



Medications	that	exacerbate	RLS

Goldstein C, Sleep Med Clinics, 2015



Medications	that	exacerbate	RLS
� Instead, consider:

� Antiemetics:
� Zofran/odansetron (selective 

5HT3 antagonist)

� Antihistamines
� 2nd generation (loratadine, 

fexofenadine, cetirizine)

� Antipsychotics
� Diagnosis?

Goldstein C, Sleep Med Clinics, 2015



Sleep	deprivation/sleep	disruption

Goldstein C, Sleep Med Clinics, 2015



Thank	you!


