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INTRODUCTION

Before the advent of recombinant human
erythropoietin (rHuEPO), patients with end-stage renal
disease (ESRD) who developed renal anemia largely
depended on blood transfusion, which has been shown
to cause serial complications and have a poor clinical
outcome.!!! In the past three decades, rHuEPO therapy
for renal anemia has shown a major advancement.
However, some patients do not respond to rHuEPO
mainly because of iron deficiency. Further studies
confirmed this theory, and it was apparent that large
amounts of iron were required to support erythropoiesis
in patients receiving rHuEPO.?* In the United States,
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between 2002 and 2008, there has been a steady increase
in the use of intravenous iron in hemodialysis (HD) and
chronic kidney disease (CKD) patients, verifying the
importance of iron supplementation.®

The intravenous iron preparations most widely
used in the United States are currently iron sucrose
and iron gluconate. These have replaced the high
molecular weight iron dextran that was widely used
previously, but has now been removed from the
formulary because of lethal anaphylactic reactions
and iron overload.®”! We purpose iron overload
caused by intravenous iron can be minimized with
low dose iron supplements weekly. We found few
studies that compared the short-term efficacy and iron
indices changes of iron sucrose and ferric chloride in
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HD patients.!"* The present study aimed to investigate
this issue.

MATERIALS AND METHODS

Participants and study design

An open-label single-blind randomized controlled study
was completed, and the data were collected in Tri-Service
General Hospital and Taoyuan Armed Forces General
Hospital, Taiwan, from 21 April to 4 July 2013. Patients
were considered eligible according to all the following
criteria: 218 years, regular HD for at least 3 months; serum
hematocrit (Hct) percentage (%) between 22% and 32%,
serum ferritin <200 pg/L, serum transferrin saturation
percentage (Tsat%) <40%,"*! normal serum Vitamin B12
and folic acid concentrations, and no blood transfusion
in the last 3 months. The exclusion criteria were any one
of the followings: Hemoglobinopathies, malignancy,
pregnancy, acute infectious state, gastrointestinal bleeding,
mental incapacity, and inability to abide to the study
requirements. The main purpose of the study was to
compare the improvements of anemia after administering
iron sucrose or ferric chloride to HD patients with iron
deficiency anemia. Hct is an easy feasible method in clinical
practice to evaluate anemia in HD patients.!"!¢! Therefore,
we used Hct as an indicator of evaluation of anemia in this
study. The primary outcome in our study was to evaluate
changes in serum Hct level after administration two kinds
of iron preparations (iron sucrose and ferric chloride). The
second outcomes were to evaluate the changes of serum
iron indices including iron, ferritin, and Tsat. Eligible
patients were initially screened in our HD rooms, and
then some patients were excluded (according to exclusion
criteria). Remnant patients were categorized to an iron
sucrose group and a ferric chloride group according to
the table of random numbers. Clinical physicians knew
what kinds of iron preparations were administrated;
however, all patients did not know. Furthermore, specific
questions regarding symptoms typical of iron toxicity,
such as hypotension, dizziness, or nausea, and those
suggestive of anaphylactic reactions were asked after
each iron administration. In total, the study duration
was 10 weeks. Blood investigations, including serum
Hct, iron, ferritin, and total iron binding capacity (TIBC),
were checked at 2-week intervals (after a total of 200 mg
of iron was administered) before each dialysis sessions.
Criteria for the discontinuation of iron treatment
included subjective symptoms, such as anorexia, general
malaise, or any discomfort experienced by the patient. To
examine the greatest effects of iron administration under
rHuEPO therapy, all patients received identical doses
of rHUEPO (RECORMON 5000 IU/week). Patients were
excluded from this study if the doses of rHUEPO were
changed.
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Parenteral iron and dosage

In the iron sucrose and ferric chloride groups, 100 mg
of iron sucrose (Fe-Lib) and 100 mg of ferric chloride
hexahydrate (CH) (Atofen) was administered, respectively."
Both iron supplements were administered once weekly
during dialysis until a total dose of 1000 mg was reached
over the 10-week treatment period. They were administered
as an infusion in 100 mL of normal saline in the last %2 h of
dialysis through the venous bubble trap port of the dialysis
circuit (time of infusion was 30 min). Regular observations
were conducted over the administration period. The Kidney
Disease Improving Global Outcomes guideline, 2012,
recommend that iron administration, even in functional iron
deficiency anemia patients, should be monitored carefully.!
Intravenous iron administration was recommended in HD
patients with serum ferritin level <500 pg/L.™"! U-shaped
relationship between the average ferritin and mortality,
and a ferritin of 500-800 ug/L was associated with the best
survival.’® Therefore, in our study, iron supplementation
was stopped to avoid iron overload and toxicity when serum
ferritin values increased >800 ug/L.

Efficacy and safety parameters

Blood was drawn before the iron treatment and at 2-week
intervals after the intravenous iron treatments commenced.
Hct, serum iron, ferritin, and TIBC were measured. Tsat%
was calculated as follows:

Serum iron (SI, ug/ dL)
TIBC (ug/dL)

Tsat% = x100%

Safety was assessed by recording all adverse events based
on close monitoring of patients during the trial and on
spontaneous reports by the patients. In addition, specific
questions for symptoms typical of iron toxicity, such as
hypotension, dizziness, or nausea, and those suggestive
of anaphylactic reactions were asked after each iron
administration.

Sample size and statistical methods

Patients satisfying the inclusion criteria participated in
the study, and the basic characteristics of demographic
variables, including gender and the four different attending
physicians were stratified and matched according to
category. The iron sucrose and ferric chloride groups
contained 26 and 30 patients, respectively. We designed
the study such that Hct levels would increase to at least
32% in both groups. Accordingly, a sample size of at
least 25 per treatment group at 10-weeks follow-up was
calculated to provide 80% power (alpha = 0.05, two-tail)
to detect statistically significant differences between the
two treatments for a mean Hct increase to at least 32%.
The two-way repeated measure ANOVA was performed
to compare the changes in Hct, ferritin, and Tsat level in
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patients of two groups. P <0.05 was considered statistically
significant. Using Kolmogorov-Smirnov test, we confirmed
the normality of distribution of Hct, ferritin, and Tsat. Data
are reported as mean + standard deviation (SD) if normally
distributed." The two-tailed Student’s t-test was used to
compare the efficacy of iron sucrose and ferric chloride
after the 10-week treatment period. All data analysis was
conducted using SPSS 18.0 software package (SPSS Inc.,
Chicago, Illinois, USA).

RESULTS

Patient characteristics

A total of 106 eligible patients were initially screened in the
study. However, total fifty patients were excluded, including
hemoglobinopathies (1 = 4), malignancy (1 = 4), infectious
state (n =3), gastrointestinal bleeding (1 = 3), and unwilling
to participate in the study (n = 36). Finally, 56 patients
participated in our study, and the basic characteristics of
demographic variables, were simple randomized to two
groups. There were 26 patients in the iron sucrose group
and 30 patients in the ferric chloride group [Figure 1]. In
the iron sucrose group, the average Hct was 28% and the
SD was 3.6%. In the ferric chloride group, the average of
Hct was 29% and the standard deviation was 2.4%. At week
8, the 56 patients had completed 8 courses of iron therapy
(total 800 mg iron). However, there were nine patients
with a serum ferritin >800 pg/L (four and five patients in
the iron sucrose and ferric chloride groups, respectively).
Iron administration was immediately stopped in these
nine patients [Figure 1]. Finally, 47 patients completed the

Screen eligible HD patients (n=106)

Haemoglobinopahties (n=4)
Malignancy (n= 4)

Excluded Infectious state (n= 3)

Gastrointestinal bleeding (n=3)
Refused (n=36)

Randomization
(n=56)

Received iron sucrose Received ferric chloride
(n=26) (n=30)
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Stopped intervention (n=4) at week 8

Stopped intervention (n=5) at week 8
Major side effects (n=0)

Death (n=0)

Completed all data (n=25) at week 10

! !

Figure 1: The open-label study flow diagram

Major side effects (n=0)
Death (n=0)
Completed all data (n=22) at week 10

Follow-Up

Analyzed (n=26) Analyzed (n=30)
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10 courses of iron therapy (total 1000 mg iron) at week
10. At the end of the study, there were 11 patients with
a serum ferritin >800 ug/L (6 and 5 patients in the iron
sucrose and ferric chloride groups, respectively). The basic
characteristics of the demographic variables are shown
in Tables 1 and 2, and there were no obvious differences
between the two treatment groups (all P > 0.05).

Comparisons of efficacy between iron sucrose and ferric
chloride

There were no statistically significant differences in Hct
values between the two treatment groups throughout
the study period (P = 0.246) [Figure 2]. Table 3 shows
the comparisons of the changes of Hct, ferritin, and Tsat
between two groups. In the iron sucrose treatment group,
the difference between the treatment and baseline Hct
values was statistically significant at week 4 (P = 0.048).
The treatment Hct value was significantly different from
the baseline value at weeks 8 (P = 0.042) and 10 (P = 0.037).

Table 1: Baseline characteristics of patients
Iron sucrose Ferric chloride P

(n=26) (n=30)
Age (y) 57.8 £ 13.2 60.5 + 14.6 0.1482
Male (%) 17 (65.3) 21 (70.0) 1.000°
BMI (kg/m?) 22.6 + 3.2 235+ 4.4 0.9722
HD history (month) 45.3 £ 35.6 43.4 £ 41.9 0.902¢°
Diabetes mellitus (%) 11 (42.3) 17 (56.7) 0.673°
Hypertension (%) 22 (84.6) 25 (83.3) 1.000°
Cardiovascular diseases (%) 8 (30.8) 5 (16.7) 0.812°
Smoking history (%) 7 (26.9) 5 (16.7) 0.420°
Alcohol history (%) 3(11.5) 6 (20.0) 0.285°
aIndependent t-test. °Chi-square test
35 - N il *
30 4
25 4
HCT(%) 5 4
15 1
—-@— Iron sucrose
10 1 —O— Ferric CH
5 B
0 T T T T T T
Baseline 2 4 6 8 10
1 ]
Week
The changes in Het between two groups during intervention. Results are the
mean = SD expressed as percentage of mean Het level.
*P < 0.05 Iron sucrose versus baseline; TP < 0.05 Ferric CH versus baseline.
Two-way repeated measures ANOVA revealed no significant main effect of iron
sucrose and ferric CH groups (Fis.49= 0.322, P= 0.246).

Figure 2: The comparison of serum haematocrit (%) + standard deviation between
iron sucrose and ferric chloride hexahydrate groups. Results are expressed as
means (P = 0.246)
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Table 2: Baseline serum biochemistry

Iron sucrose Ferric chloride P

(n=26) (n=30)
URR (Urea reduction ratio) 0.72+0.04 0.73£0.05 0.423
Kt/V 1.7+0.3 1.6£0.4 0.381
CRP (C-reactive protein) 0.08+0.02 0.06+0.03 0.772
(mg/dL)
Total cholesterol (mg/dL) 1564.3+23.2 164.5+48.3 0.089
Triglyceride (mg/dL) 140.3+82.6 164.0+140.6 0.321
Albumin (g/dL) 4.2+0.4 4.0£0.4 0.421
Uric acid (mg/dL) 7.5%1.2 7.4%1.5 0.512
Total protein (g/dL) 7.2£0.6 7.1¥0.3 0.985
Phosphate (mg/dL) 5.2+1.6 4.9+1.5 0.103
Mg (mg/dL) 2.4+0.50 2.5+0.32 0.393
Alkaline 84.7£35.0 92.0£58.7 0.670
phosphatase (Alk-P) (IU/L)
AST (Aspartate 20.9+8.2 24.6+14.8 0.413
aminotransferase) (IU/L)
ALT (Alanine 18.7+8.0 17.5+17.1 0.781
aminotransferase) (IU/L)
2lndependent t-test
Table 3: Comparisons of the efficacy between iron
sucrose and ferric chloride hexahydrate in terms of
haematocrit, ferritin and transferrin saturation
Variables Mean+SD
Hcet (%) Ferritin (pg/L) Tsat (%)

Baseline

Iron sucrose 28+3.6 172+176 23.7+8.5

Ferric CH 29+2.4 137102 24.8+8.1
Week 2

Iron sucrose 28+3.5 306+239* 25.9+£10.0

Ferric CH 28+2.4 2712131 31.8+13.8
Week 4

Iron sucrose 30+£3.8* 419+316* 28.2£9.0

Ferric CH 30+3.1 324+253% 28.7+8.0
Week 6

Iron sucrose 29+4.2 480+296* 25.7+10.0

Ferric CH 29+3.6 450+£332F 25.3+6.2
Week 8

Iron sucrose 30+4.9* 603+367* 29.5+13.7*

Ferric CH 30+2.67 541+4671 34.4+10.81
Week 10

Iron sucrose 30+4.4~ 686+302* 28.9+9.8*

Ferric CH 30+£2.9 522+399° 28.2+6.3

Hct (%): hematocrit; Tsat (%): percentage of transferrin saturation; Ferric CH: ferric
chloride hexahydrate. *P<0.05 Iron sucrose versus baseline; 1P<0.05 Ferric CH versus
baseline. Atwo-way analysis of variance with repeated measurements showed no
significant differences in different times in the Het (F = 0.322, P=0.246), Ferritin (F
=0.778, P=0.104) and Tsat (F =0.540, P=0.153) levels between the two groups

(5,44)

(5.44)

In the ferric chloride treatment group, the difference
between the treatment and the baseline Hct value was
statistically significant only at week 8 (P = 0.045). There
were no statistically significant differences in terms of
ferritin levels (P = 0.104) during the study between the two
treatment groups. There were also no statistically significant
differences for the change in Tsat (P = 0.153) between the
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two treatment groups. In conclusion, the most important
outcome was the absence of differences, apart from the
change from baseline Hct with each iron preparation, in all
parameters, including serum Hct, ferritin, iron, TIBC, and
Tsat between the treatments.

Side effects of iron sucrose and ferric chloride

The most important issue with intravenous iron treatment
is safety. In our study, a total iron dose of 1000 mg was
administered. Patients were closely monitored for side
effects and assessed during the study period to avoid lethal
anaphylactic reactions associated with intravenous iron
injections. Despite the past reports of allergies in patients
treated with ferric chloride at HD centers in Taiwan, neither
major side effects nor symptoms suggestive of possible
anaphylactic reactions were observed during the 10-week
study period in either treatment group. In the study, three
patients experienced mild skin itching (one patient, and
two patients in the iron sucrose and ferric chloride groups,
respectively), and four patients had a mild sensation of
nausea after iron therapy (one patient and three patients in
the iron sucrose and ferric chloride groups, respectively).

DISCUSSION

This prospective observational study aimed to examine
the efficacy and safety of intravenous iron sucrose and
ferric chloride over a 10-week treatment period. Under a
satisfactory dose of rHUEPO, our results showed that both
iron preparations had similar efficacy in terms of increasing
body iron content. Our study suggested that there were no
statistically significant differences in serum Hct, ferritin,
and Tsat levels between the two treatment groups at any
point during the study. No obvious major side effects were
observed in either group. Therefore, we concluded that iron
sucrose and ferric chloride were equally effective and safe in
treating anemia in HD patients with short-term (10-week)
use.

A previous trial in which 108 patients were randomized
to receive either iron sucrose or ferric CH revealed similar
results in ferritin, Het, and Tsat levels during a 24-week
study period; however, rHuEPO dose used was different
compared with that used in our study. They suggested that
iron sucrose and ferric CH were equally effective, although
Hctlevels at week 24 and ferritin at week 20 were significantly
higher in the iron sucrose group.!"*! A reasonable explanation
for the similarity in efficacy between iron sucrose and ferric
chloride is that both iron preparations contained ferric iron.
Iron sucrose is polynuclear iron (III)-hydroxide in sucrose,
and ferric chloride is ferric chloride in hexahydrate. In
our observational study, no obvious side effects or other
symptoms suggestive of anaphylactoid reactions were
found in either treatment group. This suggests that iron
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sucrose and ferric CH are equally safe with regard to
short-term use. Despite past reports of allergy, endothelial
dysfunction, and cardiovascular risk in both iron sucrose
and ferric chloride-treated patients, the patients in our study
showed no signs of allergy or anaphylactic reaction.!'>'31718]
A relationship between iron dosing and mortality in
HD patients has been reported. Feldman et al. found no
adverse effects in a 2-year survival study for total doses
of £1000 mg of iron therapy over 6 months; however, there
was a statistically significant increase in mortality with total
iron doses of >1000 mg to 1800 mg."® In a clinical situation,
due to poor bioavailability, oral iron supplementation will
often not be sufficient to supply adequate amounts of iron.
Even though oral iron supplementation is inexpensive, it has
not gained wide acceptance. Apart from poor bioavailability,
other reasons include intolerance to gastrointestinal side
effects and noncompliance.™ A recent study found that
parenteral iron in HD patients with relative iron deficiency
is cost-effective compared to oral iron.™!

Because of the limitations of oral iron supplementation, the
parenteral administration of iron is necessary in the majority
of renal failure patients. In the 2005 United States Renal Data
System annual report, approximately 70% of HD patients in
the United States received intravenous iron therapy.! The
most widely used parenteral iron preparations at present
include iron dextran, iron gluconate, and iron sucrose.
Iron dextran has been available in the United States and
the United Kingdom for more than 30 years. Presently,
iron dextran is primarily sold in the United States and is
not used in continental Europe or the United Kingdom.
The major drawback of iron dextran is its relatively high
rate of life-threatening anaphylactic reactions. It was
hypothesized that the anaphylactic reactions were caused
by the high molecular weight iron dextran component, since
the abovementioned intravenous iron preparations were
all ferric iron but in different sugar solutions.!**! Therefore,
it might be reasonable to hypothesize that the past reports
on allergy associated with the use of intravenous ferric CH
might be attributed to the hexahydrate component of the
iron complex. Nevertheless, in our observational study, no
obvious severe allergic reaction was reported in the ferric
CH treatment group. This may be associated with the fewer
patient numbers enrolled in our study. Low molecular
weight iron dextran and iron sucrose have been reported
to have similar comparative safety profiles in CKD patients.
Of interest, low molecular-weight iron dextran has been
reported to be associated with reduction in platelet counts
in CKD patients.**! Regarding iron sucrose, one study
described a total of 64 HD patients on iron sucrose for 1-year.
There were no major adverse effects and the target Hct of 33%
was reached with or without very low doses of rHuEPO.?!
However, this latter study did not investigate possible iron
toxicity, such as the change in serum ferritin or Tsat. From
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our observational study, we concluded that parenteral
iron sucrose was at least as effective as parenteral ferric
chloride with regard to short-term (10-week) use. Both iron
supplementations could gradually increase serum Hct and
ferritin levels during the study period. Further assessment
of associated iron overload, such as change in inflammatory
biomarkers and magnetic resonance imaging, should be
considered.”! A 6-month observational prospective
crossover study revealed the safety and efficacy of iron
sucrose (Venofer).™ A current randomized, open-label trial
of iron sucrose (Venofer) in HD patients showed that iron
sucrose was well tolerated with a good short-term safety
profile. Long-term iron administration of both iron sucrose
and ferric chloride in CKD and HD patients is important;
however, it should be monitored carefully.?~

Our study has some limitations. First, rHuEPO doses
were used at 5000 IU/week identically in all enrolled
patients during the study period. However, the required
rHuEPO dose and rHuUEPO responsiveness differed among
patients because of body size, body weight, body mass
index, and patient background, including comorbidities.
Second, the sample size in this study was relatively small,
and patients were only in a single center. Whether the
treatment effects could be applied to patients from other
ethnic backgrounds is unknown. Furthermore, the causes
of chronic inflammation in HD patients are multifactorial
and complex. Underlying disease, oxidative stress, chronic
inflammatory state, obesity, immunological factors,
membrane biocompatibility, and dialysate quality could
have influenced our data in these patients.?!!

CONCLUSION

The main findings of this study are as follows: (1) parenteral
iron sucrose was at least as effective as parenteral ferric
chloride with regard to short-term (10-week) use and
(2) the most important outcome is the absence of differences
in serum Hct, apart from the change from baseline, and
other iron indices between each iron preparation, which
long-term therapeutic effects of both iron preparations
should be investigated in a larger study.
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