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Background: Restless legs syndrome (RLS) is a common disorder in hemodialysis (HD) patients that causes sleep disturbanc-
es and diminished quality of life. Because iron deficiency has been implicated in the pathogenesis of RLS, we
sought to investigate the effects of intravenous (IV) iron sucrose on symptoms of RLS in HD patients.

Material/Methods: The study was a randomized, placebo-controlled study of 1000 mg iron sucrose versus normal saline as place-
bo. Patients were evaluated at baseline and 2 weeks after the last injection. The severity of RLS was assessed
using the International RLS Study Group rating scale (IRLS). Blood samples were taken to measure iron param-
eters reflecting the iron status, including serum ferritin (SF) concentration, percentage transferrin saturation
(TSAT%) and hemoglobin (Hb), and other biochemical parameters as safety assessments, including creatinine
(Cr), urea, intact parathyroid hormone (iPTH), and the index of urea clearance (Kt/V). Adverse events were mon-
itored in all subjects during the period of infusion.

Results: After 2 weeks, IRLS scores decreased more in the IV-iron group (~7.38+2.03) than in the placebo group (-0.81+2.61)
(P=0.000). Serum ferritin, TSAT, and hemoglobin increased more in the IV-iron group (227.63+77.64 ug/L;
26.06+7.77%; 13.98+3.62g/L, respectively) than in the placebo group (SF, p=0.000; TSAT, p=0.000; Hb, p=0.000,
respectively). There were no significant differences between IV-iron and placebo groups in Cr, urea, iPTH, and
Kt/V. No adverse effects were observed in the study.

Conclusions: IV iron sucrose is a safe and effective treatment for reducing RLS symptoms in HD patients over the short-term.
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Background

Restless legs syndrome (RLS) is a primary disorder of the sen-
sorimotor system characterized by considerable discomfort and
irresistible desire to move the lower extremities, which leads to
sleep disturbances and diminished quality of life [1,2]. The symp-
toms are relieved by movement, aggregated while resting, and
are worse in the evening or night [3]. RLS is a common and well-
recognized problem experienced by many patients with chronic
kidney disease (CKD), and especially in patients with end-stage
renal disease (ESRD), which affects the quality of life and sur-
vival in these patients [4,5]. The prevalence of this disorder in
hemodialysis (HD) patients is 8.8-83% [6, 7] as reported in dif-
ferent case series, which is more than that in the general pop-
ulation (5-15%) [8]. The mechanisms of uremic RLS are com-
plex and not yet fully understood. The risk factors related to
the occurrence of RLS in HD patients may include anemia, iron
deficiency, calcium/phosphate imbalance, inadequate dialysis,
and peripheral and central nervous system abnormalities [9].

Although the pathophysiology of RLS has not been fully eluci-
dated, decreased activity of dopamine may play a key role in
RLS [10]. The relationship between iron and RLS is not com-
pletely understood but may be related to the dopamine syn-
thesis in certain areas of the central nervous system [11,12].
Iron is a co-factor of the rate-limiting step required for con-
version of tyrosine to levodopa, which is subsequently decar-
boxylated into dopamine [13]. Low levels of iron may induce
or aggravate RLS by reducing the activity of the dopamine sys-
tem [14]. Low ferritin and/or high transferrin levels in cerebro-
spinal fluid (CSF) may be present in RLS patients in compari-
son with healthy controls, even in the absence of low serum
ferritin levels [15]. There is substantial evidence that iron de-
ficiency is a contributing factor in RLS. A negative correlation
exists between body iron stores, measured by serum iron and
ferritin levels, and symptom severity [13,16,17].

Oral iron formulations appear to improve the symptoms of RLS,
mostly in RLS patients with significant anemia or low serum
ferritin [17]. However, iron absorption across the intestinal ep-
ithelium into the blood is limited, resulting in low bioavailabili-
ty [18]. To circumvent this problem, it has been suggested that
infusion of intravenous (IV) iron may provide significant ther-
apeutic advantages. This contention is supported by several
previous trials using IV iron [19-22]. Allen et al. conducted a
multi-center, placebo-controlled preliminary clinical trial report-
ing that intravenous administration of ferric carboxymaltose
improved significantly RLS scores and secondary outcomes in-
cluding the Clinical Global Inventory of Change (CGI-1) and the
self-report patient global rating of change (PGI-1) [19]. Ondo
et al. found that intravenous iron dextran can produce treat-
ment benefit for severe refractory RLS, but the results were
inconsistent and not predicted by patient demographics [20].
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An observational study by Lieske et al. in geriatric patients re-
ported that intravenous iron administration was associated
with a significant improvement in RLS symptoms as measured
by the IRLS score after 2 weeks [21]. Tahir et al. performed a
consecutive case series evaluating the effects of IV iron ther-
apy on RLS occurring with iron deficiency anemia (IDA), sug-
gesting that the symptoms of RLS are reduced in most cases
after administration of IV iron [22].

To date, there are only 2 previous studies available that in-
vestigated the effects of iron in the treatment of RLS in HD
patients [23,24]. In the first, Benz et al. reported that treat-
ment with IV iron and erythropoietin reduced the RLS symp-
toms in patients on dialysis [23]. A subsequent double-blind-
ed, placebo-controlled study by Sloand et al. was performed
to investigate the effects of IV iron dextran therapy on RLS in
patients with ESRD, suggesting a significant but transient re-
duction in RLS symptoms when using high-dose iron dextran
infusion [24]. Iron sucrose showed a better safety and adverse-
effects profile compared with iron dextran, and has rapidly re-
placed iron dextran for treatment of HD patients [25]. There
have been 2 previous randomized, double-blinded, placebo-
controlled trials of IV iron sucrose for RLS patients without
HD [26,27]. Therefore, it is still not clear whether therapeutic
effect can be obtained by IV iron sucrose in HD patients with
RLS. The purpose of our study was to determine the efficacy
of IV iron sucrose in this population.

Material and Methods

Patient selection

We recruited uremic patients on regular hemodialysis from the
Department of Neurology at Xuanwu Hospital, Capital Medical
University, from February 2014 to May 2014. Criteria for in-
clusion were a diagnosis of RLS, stable hemodialysis for more
than 12 months, a serum ferritin (SF) concentration of <200 ng/
ml, and a transferrin saturation (TSAT) of <20%. Subjects who
received IV iron treatment within 6 months before entry into
this study and those with a history of blood disorders, acute
or chronic blood loss and infection, cancer, trauma, or immune
system disorders were excluded. Participants could be exclud-
ed or withdrawn from the study at the treating physician’s
discretion. The study was approved by the Ethics Committee
of Xuanwu Hospital, Capital Medical University, and informed
consent was signed by each patient.

The RLS diagnosis was made if the patient satisfied the
International RLS Study Group (RLSSG) consensus criteria [28].
The severity of RLS was evaluated using the IRLSSG rating
scale (IRLS), which is composed of 10 questions. Each question
can be classified according to the severity as follows: none (0
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HD patients with RLS screened

Figure 1. Flow chart of the present study.

(N=44) Screen failure (N=12) due to SF
>200 ng/ml or TSAT >30% (N=6),
receiving IV iron tretment within 6
months (N=2), chronic infection
(N=2), chronic blood loss (N=1) and

Randomization no pair found (N=1)
(N=32)
[V-iron group (N=16) Placebo group (N=16)
Completed 2 weeks Completed 2 weeks
(N=16) (N=16)

points), mild (1 point), moderate (2 points), severe (3 points),
and very severe (4 points). The total score can range from 0
to 40, with higher scores indicating more severe symptoms.

Treatment protocol

Eligible subjects were paired if they had similar RLS symptom
severity scores [28], and were randomly assigned to an IV iron
group or a placebo group. Subjects in the IV-iron group were
given iron sucrose 100 mg diluted in 50 ml of normal saline 3
times per week for a total dose of 1000 mg. Placebo doses of
50-ml normal saline were similarly given 3 times per week. All
patients were treated with recombinant human erythropoietin
injection (CHO Cell) (rtHuEpo) by IV injection after hemodialysis.
The mean dose of rHuEpo was 119.44+43.21 U/Kg-W (range
30-181) in the IV-iron sucrose group and 130.31+36.92 U/Kg-W
(range 67-181) in the placebo group.

During the study period, the hemodialysis prescription had to
remain unchanged. Patients were dialyzed 3 times a week for
4 h using a 4008S hemodialysis machine (Fresenius) and triac-
etate hollow fiber dialyzer (Sureflux-130G, Nipro). Dialysis flu-
id contained calcium (1.25 mmol/L) and sodium (138 mmol/L).
Dialysate flow rate was 500 mL/min with blood flow rate
200~250 ml/min. Heparin sodium was used as an anticoagulant.

Outcome measures

Subjects were evaluated at baseline and 2 weeks after the
last injection of iron sucrose or normal saline. The IRLS score
of each patient was assessed. Blood samples were taken to
measure iron parameters reflecting the iron status, including
serum ferritin concentration, TSAT and hemoglobin (Hb), and
other biochemical parameters as safety assessments, includ-
ing creatinine (Cr), urea, intact parathyroid hormone (iPTH),
the index of urea clearance (Kt/V), serum calcium (SCa), and
serum phosphorus (SP).

Hb, Cr, urea, serum iron, Sca, and SP were measured by an au-
tomatic biochemical analyzer. The serum ferritin was deter-
mined using a chemiluminescence microparticle immunoassay
(CMIA). Total iron binding capacity (TIBC) was detected through
the ferrous triazine chromogenic method. TSAT was calculat-
ed from the following formula: TSAT=(serum iron/TIBC)x100%.
IPTH was measured with an electrochemiluminescent immuno-
assay (ECLIA). The Kt/V values were obtained by Daugirdas’s
formula. Blood samples for the above parameters were taken
from each patient before hemodialysis.

Adverse effects

Adverse events (e.g., allergic reaction, dizziness, low blood
pressure, gastrointestinal discomfort, and fever) were moni-
tored in all subjects during the period of infusion. If adverse
events were observed, a physician/investigator was notified.

Data analyses

A two-sample independent t test was used to compare base-
line characteristics and changes in IRLS scores and other
outcome variables. Fisher’s exact test was used to compare
the IV-iron group and control group. Results are reported as
meanzstandard deviation. All tests were 2-sided and P value
set at <0.05 was considered statistically significant. SPSS 19.0
was used for all the analyses.

Results

Figure 1 shows the study process. Of the total of 44 patients
who signed consent forms and were screened, 32 (mean age
63.90+6.47, 12 males) were fully eligible. All enrolled patients
completed the study. Baseline serum ferritin was 155.94+36.29
ng/ml (range 69-198) and TSAT was 15.35+3.35% (range
7.25-19.85%). The time on HD therapy was 35.34+12.98 months
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Table 1. Demographic characteristics in HD patients with RLS at

baseline.
HD patients with RLS
(n=32)
Age (year) 63.90+6.47

Time on hemodialysis (months) 35.34+12.98
CCauseoftsRD
"""" Diabetic nephropathy 12
"""" Chronic glomerulonephrits 8
"""" Hypertensive renalinjury 6
"""" Druginduced renal impairment 1
"""" Unknown 5
RiSsoe 2619688
CSFen 1559443629
Csates 15354335
CHbM  107s985

Data are present as mean +SD. IRLS — international RLS study
group rating scale for severity; SF — serum ferritin;
TSAT — transferrin saturation; Hb — hemoglobin.

(range 14-65). The mean baseline IRLS scores in these patients
were 26.19+6.88 (range 14-36). The causes of ESRD were di-
abetic nephropathy in 12 cases, chronic glomerulonephritis
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in 8 cases, hypertensive renal injury in 6 cases, drug-induced
renal impairment in 1 case, and unknown in 5 cases. Patient
demographics are listed in Table 1.

Sixteen patients were randomly assigned to the IV-iron sucrose
group and 16 patients were assigned to the placebo group.
The major baseline characteristics of both groups are listed in
Table 2. As shown in Table 2, no statistically significant differ-
ences were observed between the 2 groups in terms of age,
IRLS scores, iron parameters, and other biochemical param-
eters at baseline.

Table 3 shows changes in IRLS score, iron status, and other
laboratory parameters. The primary outcome comparison was
change in IRLS score from baseline. Mean decreases in IRLS
score after 2 weeks in the IV-iron group (-7.38+2.03) were
significantly greater than in the placebo group (-0.81+2.61)
(p=0.000). Improvement in RLS symptoms started between 1
and 2 weeks after IV iron sucrose treatment, and treatment
benefits lasted from 4 weeks to 24 weeks. The mean change
in serum ferritin, TSAT, and hemoglobin in the IV-iron group
(227.63+77.64 pg/L; 26.06+7.77%; 13.98+3.62 g/L, respec-
tively) was significantly greater than in the placebo group (SF,
p=0.000; TSAT, p=0.000; Hb, p=0.000, respectively). When com-
paring other outcome variables at baseline and at week 2, no
significant changes were observed in Cr, urea, iPTH, Kt/V, Sca,
or and SP between the IV-iron and placebo groups. No adverse
effects were observed in the study.

Table 2. The major baseline characteristics between IV-iron and placebo groups.

IV-iron group (n=16)

Average age +SD 63.631+4.83
"""" RiSscore 26061684
"""" SFug) 1547543834
"""" TSATG) 1618447
"""" Wb@L 105504908
"""" Crumol)  oserisee2
"""" Urea (mmol) 21324198
"""" PTH (ng/) 2880610826
"""" kv o 130s011
"""" sca(mmoll) 2421026
"""" s (mmo/)  175:020

Control group (n=16) P value
64.19+7.93 0.83
"""""""" 26315724 o080
o is7amessss 072
 1s7es3s8 062
© 10850¢1006 023
© osga4r20603 os1
"""""""" 2127244 o087
921310729 076
""""""""" 134012 o8
""""""""" 236022 o026
""""""""" 176024 o088

Data are present as mean +SD. IRLS — international RLS study group rating scale for severity; SF — serum ferritin; TSAT — transferrin
saturation; Hb — hemoglobin; Cr — creatinine; IPTH — intact parathyroid hormone; Kt/V — the index of urea clearance; SCa — serum

calcium; SP — serum phosphorus.
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Table 3. Changes in variables between baseline and week 2 within each group and between the two groups.

Outcome measures

IV-iron group (n=16)

AIRLS score —7.38+£2.03
"""" ASFg/) 276347768
"""" ATSATG®) 26064777
"""" MDD 139836
"""" AC@molt)  1143s6237
"""" AUrea(mmoll) — oso¢lo2
"""" APTH(ng) 05345427
"""" AV ooi7s0001
"""" ASCa(mmoll) 003030
"""" ASP(mmoll) 009020

Control group (n=16) P value

-0.81+2.61 0.000
""""""" 209:1966 0000
""""""" 058247 0000
"""""""" 028382 0000
"""""""" se76 o715
"""""""" 004:053 o013
"""""" 130115089 052
""""""" 0017:00001 o043
"""""""" 0oo7:024  os0
"""""" 00082022  om

IRLS — international RLS study group rating scale for severity; SF — serum ferritin; TSAT — transferrin saturation; Hb — hemoglobin;
Cr — creatinine; IPTH — intact parathyroid hormone; Kt/V — the index of urea clearance; SCa — serum calcium; SP — serum phosphorus;

A — difference of mean score between baseline and week 2.

Discussion

Iron deficiency with abnormal dopaminergic consequences has
been strongly implicated in the pathogenesis of RLS and has
been shown to aggravate symptoms of RLS [11,13]. Iron defi-
ciency is common in patients with chronic renal failure under-
going maintenance hemodialysis, mainly due to the frequent
blood tests, increased blood loss from dialysis procedures, gas-
trointestinal blood loss, malnutrition, and increased erythro-
poietic demand for iron [29]. For most HD patients, the sup-
ply of oral iron is insufficient to meet the body’s demand. IV
iron supplementation is a priority recommendation for HD pa-
tients. Although HD patients have a high prevalence of RLS
and most of them receive iron therapy, the effect of IV iron has
rarely been studied in RLS patients undergoing hemodialysis.
Our results show significantly greater improvement in symp-
toms of RLS from baseline for IV iron sucrose than in placebo-
treated subjects. The results were similar to the findings by
Sloand et al., who showed reduced RLS symptoms in ESRD pa-
tients following IV iron dextran treatment [24]. Significant in-
creases in serum ferritin, TSAT, and hemoglobin were also ob-
served at 2 weeks following the IV iron sucrose in this study.
We speculate that with the increase of body iron stores and
serum ferritin levels, iron content and iron metabolism in ce-
rebrospinal fluid (CSF) and brain tissue in HD patients would
improve correspondingly. Increased hemoglobin has also been
associated with improvement in RLS symptoms [30]. Iron su-
crose injection was shown to be well tolerated with less ad-
verse drug reactions, and we found no adverse reactions in
our patients. HD patients require higher levels of iron stored
in the body than for the general population, which provides
more space for iron therapy.

In previous studies, oral or IV iron supplementation have been
found to improve or resolve RLS symptoms in patients with
low serum ferritin levels (<45 ng/ml) but to be ineffective in
subjects with a normal serum ferritin levels [31]. However,
serum ferritin in our patients is comparable to the normal
serum ferritin level, and may be higher. Our findings report-
ed here are consistent with previous results, which showed
that no significant differences were noted in the serum lev-
els of ferritin, hemoglobin, calcium, and phosphorus in HD
patients with and without RLS [32]. One would expect low-
er ferritin in the RLS group, but due to the acute-phase pro-
tein properties of ferritin, many HD patients with function-
al iron deficiency undergoing intense inflammatory states
may show elevated levels of serum ferritin. This factor may
obscure the association of iron stores and uremic RL; there-
fore, serum ferritin is not considered to be an indicator of
iron sufficiency [33].

Iron status was assessed in this study using the biochemical
parameters (SF, TSAT, and Hb), which are the most commonly
ones in this patient population. We set 2 weeks as the eval-
uation period to reflect the effect of iron sucrose, mainly due
to the following reasons. Firstly, several previous studies have
shown that serum iron, ferritin, and CSF ferritin levels increased
at 2 weeks after IV iron treatment [16,24,26]. Improvement in
RLS symptoms can be observed within 1-2 weeks after IV iron,
and continued for 4-22 months [19,27,30,34]. Despite the dif-
ferent durations of improvement reported in these studies, the
effect of IV iron can be observed at 2 weeks after treatment.
Moreover, HD patients need long-term treatment, and patients’
conditions change quickly. As time increases, many factors,
including drug adjustment, therapeutic regimen, biochemical
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indicators, and physical conditions, may change, which can af-
fect observation, analysis, and interpretation, and always in-
crease the uncertainty of the results. Therefore, although the
symptoms improvement effect lasted 4-24 weeks in these pa-
tients in our study, no further analysis was conducted due to
the above factors.

Two previous trials of IV iron sucrose in adults in RLS have
shown conflicting results [26,27]. A study by Earley et al. re-
ported a small but significant increase in the cerebrospinal flu-
id (CSF) ferritin and a decrease in RLS severity (GRS), but oth-
er outcomes, including PLMs or brain iron index quantified by
MRI imaging, showed no significant difference. The authors
concluded that there were no robust changes in RLS symp-
toms when using high-dose IV iron sucrose [26]. By contrast,
another study, by Grote et al., showed that the RLS severity
scale (IRLS) score at week 11 tended to be lower in the iron
sucrose group, but the difference was not statistically signifi-
cant compared to placebo. However, iron sucrose was associ-
ated with a decrease in RLS severity both in the acute phase
(7 weeks) and during the long-term follow-up [27]. Both used
high doses (1000 mg) of iron sucrose. However, 2 different ad-
ministration schedules were used in these 2 studies. A single
dose of 1000 mg IV iron dextran was given into RLS patients
in the first study, while repeated doses were given in the oth-
er study. Repeated small doses may be more effective than a
single large dose. Moreover, the latter study limited patients
to those with serum ferritin <50 mcg/l. Therefore, these 2 fac-
tors may have caused the contradictory results. Our study used
low doses of iron sucrose (100 mg) repeated 3 times per week
to reach a total dose of 1000 mg. In our study, we found that
IV iron sucrose can provide an effective treatment for RLS in
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HD patients. The differences in treatment effects between this
study and the earlier studies may be related to how the iron
sucrose was administered.

Our study also has several limitations. First, this was not a
blinded study, and participants could have been aware of the
nature of the medication taken. Second, the small sample size
and lack of long-term follow-up might lower the power of the
present study. The patients were followed up for only 2 weeks
after the last infusion of IV iron, which may be inadequate to
observe the long-term changes and effects in RLS symptoms.
Finally, the CSF ferritin levels reflecting the brain iron status
were not measured, so the results obtained here in uremic RLS
must be cautiously interpreted.

Conclusions

Our study provides some support for a reduction of RLS symp-
toms after IV iron sucrose administration in HD patients. The
results reported in the literature and our findings both suggest
that IV iron could have beneficial effects in HD patient with
RLS. The effects may be more apparent for patients who fail
to achieve treatment goals through the correction of anemia
and replenishment of the body’s iron stores. Further studies
of IV iron therapy for HD patients with RLS with larger sam-
ple sizes and longer-term follow-up are warranted to confirm
and expand our findings.
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