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Iron treatment of restless legs syndrome
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Accepted: January 10, 2022 Restless legs syndrome (RLS) has a high prevalence in the elderly, which significantly impacts sleep,

quality of life, and increases the risk of falls while walking at night. There is sufficient research to
support the concept of altered brain iron homeostasis in RLS as part of the underlying pathology
of RLS. A Task Force was established by the International Restless Legs Syndrome Study Group to
develop evidence-based and consensus guidelines for the iron treatment of RLS in adults. Consensus
recommendations based on clinical practice are presented, including when to use oral iron or
intravenous iron, and recommendations on repeated iron treatments. New iron treatment algorithms,
based on evidence and consensus opinion have been developed. Iron therapy is of great importance in
various structures, including improvement of the pathophysiology and clinical symptoms of RLS. It is
necessary to develop treatment methods such as more active brain delivery and accurate monitoring,
and additional long-term clinical guidelines are expected through various studies.
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M= Rom[9,10], @A RLS AmAHENAE= A9 27 AHiE

Bryetal AR A5t Al A& ARE AP AS @asta ot
Willis-Ekbom disease (WED)ZE= L&A o}A| &5 (rest- [11-13]. wepA 2t =l7k RLS ¥ 7| A 57l (periodic
less leg syndrome, RLS)}Z 412] &, 1 9 7ol & 3= vl limb movement disorder)®] A7 4 HW W HE 2]=of gt

A= &5 4173 Azt ololtH1-3]. 4212 RLS= A Al et g 4t A9 7 S7HAT 2 ol2jt HlolHE Bt
AH O R oF 5-15% HEE HIEI YA, AFoly H7HER 5t7] 98l FASHA &S T A+ LE(International Restless
2tol7} QitH4]. F oM FHEC] 6.5-8.3%= 2= A<t Legs Syndrome Study Group, IRLSSG)<> /3¢ RLS9| H & A
QARG =202 HE Q5] F& Al Bldl 604 o]Are Al 2ol tigt A 718 9 2] x] A (evidence-based and consensus
FHEEo] 2-31 &2 Aoz A&Hor HiHY[6], dgHoR guidelines)°] A|l&= ATH14].

oJu)7} Qi RLSE 6041 ©4F 2119] 3-s9ellA] Lhehks 0. olo] 2 FMol M I 422 Tefstel RLSY A4H gt
2 24Ul £9e] At FS Folt 3 Jol= RLSE o 2 Bl HiBo] ¥ (22 FHUOE Y9l RLS A=Y WL
HYOT AT 1919 g 917 Z7het Telo] rHs). oz 117 e,

RLS®| *gef ol dist ojsz o] di 752 9 A
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rs] Argstr] ol gAY 7k LAo] ERHE7| & gttt BE
o7t 7P FEHA A 93RS 9] uk RLS 3F419] 21-57%7F =
O A7t2 HHRIT= oA A EQHS F-2 83t Aol RLS
£ A¥sh= 4UE9 -2 Fol& o]} o] HATJITE Rest-
less (7}9F5] A E5k=), uncomfortable (EH3), twitchy (%2

stretch (AEHA F8), urge to move (FZ]0|1L
A 4 legs want to move on their own (FH2]7} A/ 42 &
A A 7151'%)01‘:}. oF vk RLSO| A7 5508 HAT
Numb (HH3H % cold RF7R-)= RLSY] 47 42 Aist=
IECAR=RES :Ei ot # e IRLSSGY A2 Table 1
151, "=+ 98 3](American Academy of Sleep
Medicine)oﬂ A YR A3u A S ol -7 (International
Classification of Sleep Disorders-3rd edition, ICSD-3)& X+

it Aetelol A st A Appendix 1) [16].
2. RLS9] @7}
AT AAARE RLSS] 7ol duta oz ZFEA| = FAT 4

oz =
TR AT RLSOIA] A7 S olig Belth Sl
Zo|A A&ZAHQ $£HOoR SHIET]| I} 2716l

(arousal index)7} =t} 3124 =HTIAX = S
Ql 3H2k9] 70-80%0l41 AlZHE S3] o]/\C]—_,] S AT

Table 1. International Restless Legs Syndrome Study Group
(IRLSSG) consensus diagnostic criteria of restless legs syndrome
(RLS)

Essential diagnostic criteria (all must be met)

1. An urge to move the legs usually but not always accompanied by, or
felt to be caused by, uncomfortable and unpleasant sensations in the
legs.

2. The urge to move the legs and any accompanying unpleasant sensa-
tions begin or worsen during periods of rest or inactivity such as lying
down or sitting.

3. The urge to move the legs and any accompanying unpleasant sensa-
tions are partially or totally relieved by movement, such as walking or
stretching, at least as long as the activity continues.

4. The urge to move the legs and any accompanying unpleasant sensa-
tions during rest or inactivity only occur or are worse in the evening or
night than during the day.

5. The occurrence of the above features is not solely accounted for as
symptoms primary to another medical or a behavioral condition (e.g.
myalgia, venous stasis, leg edema, arthritis, leg cramps, positional dis-
comfort, habitual foot tapping).

Adapted from Allen RP, et al. Sleep Med 2014;15:860-873, according to
the Creative Commons license [15].
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(periodic limb movements in sleep)°] 1=, o2 & HALE
Al YSHH 90% ol/de] ghRtell Al TEETE ARl RLSOIA =3

7IMAR-EE o ARE] B9 ¥ FEA gt HlEr) o
2ot FHFT|AR]E 232 RLSS 5 = Wofof] 7]
3t} E3F RLS 435742 E]‘*] Zro] E= AL ®dfstaL, ol
w2} oS 7|1 23S gt 17,18].

=5 A A Hsuggested immobilization test)= 7io14 =
&< ZHdF 71 AHA]-2-5 (periodic limb movement of wakefulness)
I RLSO| ¥ AZFQAE B7KSItE BAAl HAIRE 1417 A
of ";‘—ﬁ o] gli= EETHHAHARE ol&sto], DAA}= X
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Al Al¥REeE RLS Mgk ZHJF7AA50] AlZFd 40 o149
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SHAECQHES BUHE YoM e T FASHAEE
(Korean Version Of The International Restless Legs Scale)2t
RLS 4] 4 d&A](Restless Legs Syndrome Quality of Life
Questionnaire)’} A1F = I EfFE AFE Ul ARS- Foltt
[20,211.
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alpha-2-delta [a28] ligands), =1712-&A|(dopamine agonists),
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T e ZTul ool 27 YICE IHE) wEhA AT
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Table 2. Factors that affect selection of an agent for initial treatment in patients with RLS

Factor that impacts the choice of agent

Treatment choice

Time of day (daytime symptoms)

Preferably a long-acting agent

Twice-a-day dosing of a short-acting agent

Sleep disturbance disproportionate to other symptoms of RLS, a28 ligand
e.g., severe insomnia
Comorbid insomnia a23 ligand

Pregnancy risk

Avoid both DAs and a2§ ligands

Consider the use of iron

Impaired renal function
Increased risk of falls

Select a drug that is not renally excreted or reduce dose of renally excreted drugs
Dopamine-receptor agonist

Painful restless legs a28 ligand
Comorbid pain syndrome a23 ligand
History of impulse control disorder a28 ligand

History of alcohol or substance abuse
Very severe symptoms of RLS

Excess weight, metabolic syndrome
Availability or cost of drug

Comorbid depression

Comorbid generalized anxiety disorder
Higher potential for drug interactions
Symptomatic PLMS

Dopamine-receptor agonist or a28 ligand
Dopamine-receptor agonist
Dopamine-receptor agonist
Dopamine-receptor agonist or a28 ligand
Dopamine-receptor agonist

a28 ligand

Select drug that is not hepatically metabolized
Dopamine-receptor agonist

Adapted from Garcia-Borreguero D, et al. Sleep Med 2016;21:1-11, according to the Creative Commons license [12].
RLS, restless legs syndrome; DAs, dopamine-receptor agonists; a28, alpha-2-delta; PLMS, periodic limb movements in sleep.
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iron isomaltoside)= transferrin®l] &J3] S4E 4 = FEO]
o gol sjgtE1 EQHYet Ho| g ARt 1 W AAl=
E3HHkE = A A o] vl AR H 529 ¥ & F7HE Ko
FtH34l. =¥ = AAlE 13] Bz 23] vHE Rolg Al5E &
Ak @A ARE 7FeT IV HEA 9 7|2 B4 B2 Table 3%
214,

F HH,H ferritin A= RLS9] IV & X g50] st &+
As HAYE Ao 2AE AlTAUTH2S.26]. HHEH ferritin

Ak
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2 tjxFE RLSOIA © @Yo 83 ferritinte ¥ A
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Table 3. Intravenous iron formulations currently available
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IV AIA| 9] Fofol] thgk FDA 5UA S whetof gt} Class I &
T-oIA IV ferric carboxymaltose E -FARRE Aol Fd3et S
NS Aok, RLSO) tigt LAt A22 AHEE & U
BRATH36,41,42]. T2y 919k A3k HolAl= RLS 5749 7A
A2 A8 T 4-65771A DA &5 4= ok S TE= A
of thgk o=gt A AH ¥H-Z Ao gt o] HEHE A
S A =0 gt A Bkt Y8l A& Ao 571 oh3
= @%401]/‘1 Xﬁﬂ L "% Q‘ SfoF gteth. IV &

ol

o
gl
Pl
<
U
AL
=
>

0
=

1\]._9_(;(] 29 Q}

é § <75ug/L, 1AL b. thZ9] 24
= (1) 76‘:11 @__‘_,_xﬂon o5l o}tz A dFHTAR
linflammatory bowel diseasel), (2) A+ ZEA7} 52 4 ¢

Trade name (s) INFeD Ferrlecit Venofer (f:ﬂ;l:)ircfol) Monofer Injectafer, Ferinject*
Generic name LMW dextran Iron gluconate  Iron sucrose Ferumoxytol Iron isomaltoside Ferric carboxymaltose
1000
M(ole)cular weight 165,000 289,000-444,000  34,000-60,000 750,000 150,000 150,000
Da
Labeled dosage (mg) 100 125 A, 200; PED, 100 510 20 mg/kg USA, 750; Europe, 1,000
Doses for RLS 1,000 mg, single dose 100 mg, 8 doses 1,000 mg, 5 doses 1,000 mg 1,000 mg, single dose USA, 1,500 mg (if BW

5-7 days apart

Dose administration [V infusion Slow IV 10 m Slow IV2-5m
1 h (with 250 ml NS)
Test dose required  Yes No No
Iron concentration 50 12.5 20
(mg/ml)
Vial volume (ml) 2 5 5
Black box warning Yes No No
Preservative None Benzyl alcohol None

3-4 days apart

> 50 kg), 2 doses

single dose 5-7 days apart; Europe,
1,000 mg, single dose

Slow IV1-2m  Slow IV 15 m Slow IV7.5m

No No No

30 100 50

17 5 & 10 in Europe 2 and 10 in Europe, 15 USA

Yes N/A No

None None None

Adapted from Allen RP, et al. Sleep Med 2018;41:27-44, according to the Creative Commons license [14].
A, adult; PED, pediatric; RLS, restless legs syndrome; BW, body weight; IV, intravenous; NS, normal saline; N/A, not available.

*Injectafer is marketed outside the US under the brand name Ferinject.
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CSF vs. serum ferritin
8 % Normal controls
M RLS patients

CSF ferritin (ng/ml)

Figure 1. Recent cerebro-
spinal fluid (CSF) vs. serum
ferritin for restless legs syn-
drome (RLS) patients and age

and gender matched healthy
adults without RLS. Adapted
from Allen RP, et al. Sleep
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alozy 24 A F84 59 o=, 29 ed e
dofof g}, 7hs sttt 541717k o] 9] vp
AJHf AApol= 371, 53] Fe aL719] o] BA| = ofof gttt ZdA]
FE dfdoll= @ ferritin, transferrin 23+, H 9 3 A5
o] xgtE|ojok gt Soluble transferrin receptors= "% BI#IL
HIEo] gl Aol A 7HIE 7HA AL 7] wiioll A
Q1 A& ol 23 oAM= FETH43]. AFA BRH AR X
L 7]er ojska et U ok Aol MAEA] ol A A
ol Higt A4 #flole WE 3 2ol e Hdo] Zodh
& E°1, % ferritin 15 pg/L Sid AT A AItolA H4

9l ehieets 3292 e 2 Uehdicia),
RLS @7¢] 27] %712 RLS 20| ol%. glo] etste djo}
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Accurate diagnosis & iron assessment
Are all 4 core RLS features present?
Rule out mimics, especially leg cramps and positional discomfort.
Assess symptom severity (frequency & impact).
Obtain morning fasting serum ferritin, iron, total iron binding capacity, TSAT%.

A

[ TAST% < 45?

No .
]—V[ Do not use iron treatment ]

Yes

1) Is serum ferritin > 75 pg/L?’

3) Oral iron contraindications?
4) Need for a more rapid response?

2) Are conditions present that block oral iron absorption or make response unlikely?”

Yes to any

A

No to all 4

Oral iron treatment
Ferrous sulfate 325 mg (65 mg elemental) + vitamin C 100 mg twice daily or total
dose once daily.
Continue for 12 weeks or stop of oral iron is not tolerated.
Repeat iron panel after 12 weeks of treatment.

A

Yes

No
{ Satisfactory response of RLS to oral iron? ]—

A\ 4

v \4

Stop oral iron but repeat as needed if symptoms worsen
decreasing peripheral iron status.
Adjust any other RLS treatments as needed.

Assess for intravenous iron
(See intravenous iron algorithm)

'Serum ferritin can be falsely elevated in the presence of acute or chronic inflammation;
*Such as a heavy uterine bleeding, bariatric surgery, malabsorption syndrome, inflammatory bowel disease, rheumatic diseases, etc.

Figure 2. Algorithm for oral iron treatment of adult restless legs syndrome (RLS). Adapted from Allen RP, et al. Sleep Med 2018;41:27-44,
according to the Creative Commons license [14]. TSATO%, percentage transferrin saturation.
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M
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fretin 231 4% 3190 SIS 45517 TR, % 58
groletel The By 247 Baiste] Wobslok ek, Aol o

2 oA G50l Aeisu s BE d vhEsior gt

28

2. IV 28 A7 ¥kS A7t
IV 2AIE AR 4 At AREAQl 94 whgo] AldE
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TORH=
3% % 9k IV AR ARE A%
4-657
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0100
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215t
F 465714 B4 TAHA % & 4o I Ao F2
T 271 A2 IV 4248 48T . AE §3¢ Soi
e 2 4-6%

o =ako olgiA]Z 4= Qlo] IV & XJE T
T2 4 %‘6] S}A Y 51A] Holof st

IV 3E A2E g2 98 442 345 ST
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27k B3 A

289 22 99

Ste H =&°] 2 &
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Intravenous iron for RLS if:
Moderate to servere RLS, serum ferritin is < 100 pg/L with TSAT% < 45,7
and any of the following are present:
Oral orin treatment failure: intolerance or lack of efficacy.
A condition that blocks oral iron absorption or makes response unlikely.’
Oral but not IV iron contraindication.
Clinical need for a more rapid response than with oral iron.

y

A

IV iron treatment
Recommended (evidence-based from RCTs):

FCM 1,000 mg over 15 minutes or 500 mg over 7.5 min x2, 5-7 days apart.
Optional (based on expert clinical consensus but lacking adequate RCTs):
LMW ID 975 mg over 1-4 hours after 25 mg test dose.

Repeat iron panel at 8 and 16 weeks after infusion.*

A

A

[ Evaluate clinically 6-12 weeks after IV iron and adjust any other RLS treatment as indicated.’® ]

A,

A

Consider repeat IV iron if:
There was a clinically significant response to the initial iron infusion, RLS symptoms return or significantly worsen > 12 weeks
after IV iron, peripheral iron status has clearly decreased post infusion,
And serum ferritin is < 300 pg/L with TSAT% < 45.

'Serum ferritin can be falsely elevated in the presence of acute or chronic inflammation.
’Although benefit may occur when the pre-treatment serum ferritin is 100-300 ug/L, current data and experience are incomplete.
*Such as a heavy uterine bleeding, bariatric surgery, malabsorption syndrome, inflammatory bowel disease, rheumatic diseases, etc.
“The first 8-week, post-infusion iron assessment is to establish what level of iron stores were achieved with the infusion. The second post-infusion
assessment is to see how stable the levels are.
*The other RLS treatments may be adjusted, usually decreased prior to or at appropriate times after IV iron treatment as clinically indicated. The best effects of
IV iron may not occur until 6 weeks after treatment and iron benefit for RLS augmentation is not known. The class | RCT studies were done on patients
withdrawn from other RLS medications who then did not have RLS augmentation.

Figure 3. Algorithm for intravenous (V) iron treatment of adult restless legs syndrome (RLS). Adapted from Allen RP, et al. Sleep Med
2018;41:27-44, according to the Creative Commons license [14]. TSAT%, percentage transferrin saturation; RCTs, randomized controlled
trials; FCM, ferric carboxymaltose; LMW ID, low molecular weight iron dextran.
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Aoz AR 7F Q171 wite], §HEA
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Appendix 1. Diagnostic criteria of restless legs syndrome
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Reproduced from International Classification of Sleep Disorders. 3rd ed. Darien, IL: American Academy of Sleep Medicine, 2014 [16].
ICSD-3, International Classification of Sleep Disorders-3rd edition.
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