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Abstract

Purpose Scientific data regarding intravenous iron supplementation in peritoneal dialysis (PD) patients are scarce. In attempt-
ing to administer the minimum monthly I'V iron dose that could improve erythropoiesis, we wanted to assess the safety and
efficacy of monthly maintenance intravenous administration of 100 mg iron sucrose in PD patients.

Methods In a 9-month prospective study, all clinically stable PD patients received intravenously 200 mg of iron sucrose
as a loading dose, followed by monthly doses of 100 mg for five consecutive months. Levels of hemoglobin (Hb), ferritin,
transferrin saturation (TSAT), reticulocyte hemoglobin content (CHr) and C-reactive protein (CRP) were measured before
each administration and 3 months after the last iron infusion. Also, doses of concurrent erythropoietin administration were
recorded.

Results Eighteen patients were eligible for the study. Mean levels of Hb and ferritin increased significantly (from 10.0 to
10.9 mg/dL, p=0.01 and from 143 to 260 ng/mL, p=0.005), as well as the increase in TSAT levels approached borderline
significance (from 26.2 to 33.1%, p=0.07). During the 6 months of iron administration, the erythropoietin dose was reduced
in five patients and discontinued in one. During the 3 months following the last iron infusion, three of them again raised the
erythropoietin dose to previous levels. None of the patients experienced any side effects related to IV iron administration.
Conclusions A monthly maintenance intravenous dose of 100 mg iron sucrose may be a practical, effective, and safe in the
short term, treatment of anemia in PD patients resulting in improved hemoglobin levels, iron indices, and erythropoietin
response.
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the introduction of iron sucrose and other newer IV iron
preparations that allow for rapid or even bolus injection.

Introduction

Anemia treatment in peritoneal dialysis (PD) patients usu-
ally requires erythropoietin (EPO) to be supported by iron
administration. Compared to oral administration and regard-
less of iron status, intravenous (IV) iron supplementation has
proven to be more effective, allowing for EPO dose reduc-
tion [1-3]. Furthermore, regular IV iron administration is
currently regarded to be practical and safe, especially after
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However, even though IV iron is supported as standard
practice by current guidelines, such as Kidney Disease
Improving Global Outcomes (KDIGO), there are still con-
cerns regarding potential adverse effects, including oxidative
stress from labile iron and increased risk of infection [4].
In a recent study from China, only 18.3% of PD patients
received IV iron [5]. Data from the US show that between
2007 and 2011, the percentage of PD patients on IV iron
was low, even though it was increased from 19.7% in the
first quarter of 2007 to 36.7% in the last quarter of 2011. In
these patients, the monthly IV iron dose ranged from 127
to 151 mg and the mean EPO dose was reduced by 76.5%,
probably resulting from the increase of IV iron use by 39.3%

[6].
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Data regarding IV iron supplementation in PD patients
are limited. The determination of the lowest effective IV iron
dose and its frequency of administration remains a challenge
for these patients. A weekly low dose administration, which
is feasible in hemodialysis patients, is rather impractical in
PD patients, due to the monthly outpatient visits. As a result,
relatively higher doses should be administered at monthly or
even longer intervals.

In this study, we first investigated the efficacy and safety
of a maintenance monthly IV dose of 100 mg iron sucrose
in PD patients.

Methods

This is a prospective study conducted in one dialysis center
over a period of 9 months. Inclusion criteria for enrolment
into the study were: age greater than 18 years and dura-
tion on PD longer than 3 months, hemoglobin (Hb) levels
between 9 and 11.5 g/dL, stable EPO dose, and no iron ther-
apy (oral or IV or phosphate binders containing iron) for
at least 8 weeks, ferritin and transferrin saturation (TSAT)
levels less than 500 ng/mL and 45%, respectively, and no
hematological disorder except anemia due to chronic renal
failure. Patients with chronic or serious acute infection,
malignancy, major surgery, clinically significant bleeding
or blood transfusion within 3 months before enrolment were
excluded. The study protocol was approved by the institu-
tional review board of the Papageorgiou General Hospital.
Written informed consent was obtained from each subject
prior to enrolment in the study.

However, most clinical guidelines recommend iron ther-
apy for dialysis patients, when TSAT is <30% and ferritin
is <300 or <500 ng/mL [7]. In the present study, the upper
limit of TSAT was higher (< 45%) for the following reasons.
First, because the above guidelines mainly concern the com-
mon practice of administering a course of IV iron amounting
to approximately 1000 mg, while the monthly dose of iron
given in our study was significantly lower (100 mg) and
second because, according to the literature, TSAT and fer-
ritin levels were most often unchanged from before to after
IV iron dosing of <300 mg/month [8].

According to the treatment protocol, patients received a
total of six monthly IV doses of iron sucrose, during their
regular visit at the PD outpatient clinic. The first dose was
200 mg and was followed by five monthly doses of 100 mg.
Iron sucrose was diluted in 100 ml of normal saline and
infused in a peripheral vein over 15-30 min.

Our primary outcomes were the change in Hb, ferri-
tin, and TSAT levels and the secondary outcome was the
change in EPO dose. Levels of Hb, ferritin, TSAT, reticu-
locyte hemoglobin content (CHr), and C-reactive protein
(CRP) were measured before each dose administration and
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at 3 months after the last (sixth) iron infusion, along with
the routine monthly blood test (urea, creatinine, electro-
lytes, albumin, intact parathyroid hormone [iPTH]). Also,
the dosage of EPO and the EPO resistance index (quotient
of EPO dose in units/kg/week and hemoglobin in g/dL)
were recorded. Moreover, we recorded information on PD
modality (continuous ambulatory vs. cycler-assisted PD);
PD solutions and total volume exchanges on dialysis, resid-
ual urine output, transport status of peritoneal membrane,
and adequacy parameters on PD (total and peritoneal Kt/V).

Iron supplementation was withdrawn before the sixth
dose either if Hb exceeded 12.5 g/dL or two consecutive
levels of ferritin or TSAT exceeded 800 ng/mL or 55%,
respectively. Patients dropped out of the study in case of a
severe infection or clinically significant blood loss. EPO was
administered subcutaneously and the EPO dose was adjusted
monthly, if Hb levels were increased or decreased by more
than 1.5 g/dL or exceeded 12.5 g/dL or reduced below 9 g/
dL.

To estimate the daily exposure to glucose due to peri-
toneal dialysis solutions (g/day), we summed the glucose
content [product of dialysate volume (L) and dialysate glu-
cose concentration (g/L)] of each exchange performed over
a 24-h period. Patient peritoneal transporter status was deter-
mined by 4-h peritoneal dialysate to plasma (D/P) creatinine
ratio. CHr and standard hematology parameters were deter-
mined using the ADVIA®120 Hematology System (Bayer
Corporation, Tarrytown, NY, USA). Serum levels of CRP
were determined quantitatively by rate nephelometry in the
IMMAGE Beckman Coulter analyte with normal range
<0.8 mg/dL.

Statistical analysis

Continuous data are presented as mean + SD. Differences
in patients’ characteristics at baseline, 1 month after the last
iron infusion and 3 months later were tested by Wilcoxon
signed-rank test or Mann—Whitney U test, as appropri-
ate. The Chi-squared test was used to examine differences
between categorical variables. Pearson’s correlation coeffi-
cients were calculated to investigate a possible relationship
between the baseline clinical characteristics and laboratory
parameters and the actual Hb change before and after the
iron supplementation. A p value of less than 0.05 was con-
sidered significant.

Results

There were 18 patients eligible for this study. Three patients
dropped out of the study in the first trimester, due to gas-
trointestinal bleeding, severe peritonitis, and foot ulcer with
CRP increase at levels higher than 5 mg/dL. None of these
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disorders were attributed to iron administration, but rather
to other causes.

Fifteen patients (seven males, three diabetics) were
included in the final analysis. Among them, four were on
continuous ambulatory PD and 11 on cycler-assisted PD.
All patients were dialyzed with a standard glucose-based
dialysis fluids and six of them had an additional exchange
with icodextrin dialysate. The total daily exchanged volume
during PD was 9.5+0.9 L and the daily glucose exposure
load was 170 +44 g. Their mean age was 70 + 15 years and
their mean PD duration was 25 + 19 months. Twelve of them
had residual diuresis greater than 300 mL per day and no one
had a total Kt/V of less than 1.7. At study entry, the mean
iPTH level was 274 + 181 ng/mL and the mean EPO dose
was 72.2 + 88.8 units/kg/week. Three patients were not on
EPO treatment and remained so, until the end of the study.
Iron supplementation was withdrawn after three doses in two
patients due to an increase in Hb levels above 12.5 mg/dL.
The remaining 13 patients received all six monthly doses.

No adverse reactions related to IV iron administration were
observed, either during the treatment or the later follow-up
period.

By the end of iron treatment, there was a significant
elevation of the mean Hb level, from 10.0 to 10.9 mg/dL
(p=0.01) and the mean ferritin level from 143 to 260 ng/mL
(»p=0.005). There was also an increase in the mean level of
TSAT from 26.2 to 33.1% that approached borderline signifi-
cance (p=0.07). Also, mean levels of CHr and CRP showed
an increase from 31.1 to 31.3 pg and from 1.1 to 1.3 mg/
dL, although it was not statistically significant, p =0.63 and
p=0.76, respectively (Table 1).

During the treatment period, nine patients showed an
increase in Hb levels of greater than 1 g/dL and were con-
sidered to be iron responders. In one of these nine patients,
treatment with EPO (2000 units/week) was discontinued and
in five patients, the EPO dose was reduced by 27%. One
patient was maintained on a stable EPO dose. The remaining
two iron responders were not on EPO. In total, EPO dose

Table 1 Changes in parameters

. - Baseline 1 month after the last p* 3 months after the
determined during the study iron infusion last iron infusion

All patients (n=15)
Hb (g/dL) 10.0+£0.9 109+1.2 0.01 109+1.4
Ferritin (ng/mL) 143+111 260+ 159 0.005 239 + 144%%*
TSAT (%) 262+7.1 33.1x11.4 0.07 32.3+95
CHr (pg) 31.1+4.1 31.3+£3.5 0.63 30.7+4.8
CRP (mg/dL) 1.1+£0.8 1.3+1.4 0.76 13+14
EPO dose (units/kg/week) 72.2+88.8 69.1+76.5 0.44 82.2+104.4
ERI 8.0+11.2 6.9+8.5 0.16 8.7+14.0

Responders (n=9)
Hb (g/dL) 9.7+1.0 112+14 0.01 109+1.6
Ferritin (ng/mL) 139+123 278 +180 0.14 259+ 169
TSAT (%) 27.8+79 355+10.3 0.11 33.2+9.8
CHr (pg) 30.5+4.7 30.6+4.2 0.55 29.2 £5.0%%*
CRP (mg/dL) 1.2+0.9 0.8+0.6 0.24 1.3+1.7
EPO dose (units/kg/week) 92.3+110.8 71.1+96.4 0.03 93.6+134.9
ERI 10.6+14.2 72+10.8 0.02 10.8+18.4

Non-responders (n=06)
Hb (g/dL) 10.4+0.5 10.4+0.5 0.83 10.8+1.1
Ferritin (ng/mL) 151+103 233+131 0.03 210+ 106
TSAT (%) 24.0+5.5 294+12.8 0.35 30.9+9.9
CHr (pg) 32.0+34 324+2.1 0.92 33.9+2.0
CRP (mg/dL) 0.9+0.6 21+19 0.46 1.3+0.7
EPO dose, (units/kg/week) 44.2+40.0 66.2+46.4 0.11 66.2+46.4
ERI 43+4.0 6.5+4.8 0.23 59+39

TSAT transferrin saturation, CHr reticulocyte hemoglobin content, CRP C-reactive protein, EPO erythro-
poietin, ERI erythropoietin resistance index

*Comparison between baseline and values 1 month after the last iron infusion

**p=0.053 (compared with the values 1 month after the last iron infusion)

*#%p=0.018 (compared with the values 1 month after the last iron infusion)
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was significantly reduced from a mean dose of 92.3 units/
kg/week before iron supplementation to 71.1 units/kg/week,
1 month following the last iron infusion, p=0.03. Also, the
mean EPO resistance index was significantly reduced from
10.6 to 7.2, p=0.02 (Table 1).

In the remaining six patients, Hb levels remained stable
at a mean value of 10.4 g/dL before and after iron admin-
istration and they were considered to be non-responders.
Regarding EPO treatment, one of them was not on EPO,
in two patients, EPO dose remained unchanged, and in the
remaining three, a low mean dose of 28.5 units/kg/week at
baseline was increased to 65.2 units/kg/week by the end of
the 6 months of iron treatment (Table 1).

During the 3-month follow-up throughout which no iron
was administered, the dose of EPO was adjusted as follows:
one patient who had stopped EPO treatment resumed it and
in two patients who had reduced their EPO dose, it increased
to previous levels.

Dividing patients by baseline ferritin and TSAT levels, we
had four groups: those with absolute iron deficiency (ferritin
<100 and TSAT <20%, n=3), those with functional iron
deficiency (ferritin > 100 and TSAT <20, n=1), those who
had replete iron stores (ferritin > 100 and TSAT >20, n=7),
and a group with TSAT > 20 and ferritin <100 (n=4). From
the nine patients who responded to iron administration, two
had absolute iron deficiency, four had replete iron stores
(with TSAT levels of 25%, 34%, 37%, 41%, and ferritin
levels of 264, 360, 147, 246 ng/mL, respectively) and the
remaining three were in the 4th group. If patients in the 4th
group, due to low ferritin levels, are considered to be iron
deficient as those in the 1st and 2nd groups, then five out of
eight (63%) iron-deficient patients responded to treatment
and four out of seven (57%) non-iron deficient patients also
responded to treatment (p =1.00).

Baseline patients’ characteristics in iron respond-
ers and non-responders are summarized in Table 2. Only
serum albumin levels were significantly higher in the iron
responder group compared to the non-responder group.
Also, correlations between baseline patients’ characteristics
and the actual changes in Hb levels before and after iron
supplementation as continuous variable were not significant.
However, serum albumin levels again had the highest cor-
relation coefficient (r=0.36, p=0.19).

Discussion

The current study is the first one examining the effect of
maintenance monthly IV dose of 100 mg iron sucrose in
chronic PD patients. According to our results, 100 mg of
iron sucrose administered monthly are sufficient to signifi-
cantly raise Hb levels, while simultaneously reducing EPO
requirements in these patients. Furthermore, this small
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Table 2 Baseline characteristics of the study population according to
iron response

Responders Non-responders  p

Patients (n) 9 6
Age (years) 68.1+14.1 7224172 0.61
Females, n (%) 5 (56) 3(50) 1.00
Diabetics, n (%) 3(33) 1(17) 0.61
Body weight (kg) 77+£13 77+16 0.96
Urine output (mL/ 489+451 517117 0.86

day)
4-h D/Pcr 0.68+0.08 0.62+0.04 0.11
Kt/V urea

Total 1.97+0.22 1.92+0.12 1.00

Peritoneal 1.68+0.20 1.54+0.13 0.15

Renal 0.29+0.23 0.38+0.06 0.86
Glucose exposure (g/ 163 +44 181+47 0.53

day)
Hb (g/dL) 9.7+1.0 10.4+0.5 0.18
Ferritin (ng/mL) 1394123 151+103 0.69
TSAT (%) 27.8+79 24.0+5.5 0.46
CHr (pg) 30.5+4.7 320+3.4 0.53
CRP (mg/dL) 1.2+0.9 09+0.6 0.69
Albumin (g/dL) 35+03 32+03 0.05
Creatinine (mg/dL) 9.4+43 8.1+2.2 0.78
iPTH (pg/mL) 3294197 193+128 0.18
EPO (units/kg/week) 92.3+110.8 (n=7) 44.2+40.0 (n=5) 0.15
ERI 106142 (n=7) 43+4.0®m=5) 0.11

4-hour D/Pcr 4-hour peritoneal dialysate to plasma (D/P) creatinine
ratio, Kt/V urea urea clearance, TSAT transferrin saturation, CHr
reticulocyte hemoglobin content, CRP C-reactive protein, iPTH intact
parathyroid hormone, EPO erythropoietin, ERI erythropoietin resist-
ance index

monthly dose was able to increase ferritin levels signifi-
cantly, as well as TSAT levels with borderline significance.
These results are important, since they may provide guid-
ance for determining an intravenous iron supplementation
strategy in PD patients.

Compared to patients on chronic hemodialysis, far fewer
patients on PD receive IV iron supplementation. Accord-
ingly, there are very few studies regarding IV iron admin-
istration in PD patients. In those studies, the monthly iron
dose is usually well above 100 mg, reaching up to 1200 mg
of iron dextran [2, 9-14]. Also, many studies, mainly on
hemodialysis patients, report on the potential hazards asso-
ciated with IV iron overdosage, due to oxidative stress,
endothelial dysfunction, immune dysfunction, and risk of
infection. Particularly in PD patients, there are concerns
as to whether the proinflammatory state caused by iron
administration could alter peritoneal clearance rates or
affect residual renal clearance [15, 16]. Because of that,
in PD patients, it is very crucial to determine the lowest
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effective I'V iron dose, to minimize potential risks associ-
ated with iron toxicity.

To our best knowledge there are three studies inves-
tigating IV iron supplementation in PD patients with a
dosing scheme similar to that of our study. Johnson et al.
[3] were able to demonstrate improved body iron stores
and an enhanced hemopoietic response to EPO in 16 iron
replete PD outpatients, with a 200 mg IV iron infusion
every second month over 4 months (in total two doses were
administered). There was a significant increase in Hb lev-
els (+0.6 g/dL) during the IV iron administration phase,
even though a significant reduction in EPO requirements
was not apparent in the relatively short follow-up period.
The total duration of iron infusion was 1 h and 45 min.
Because, the 200 mg dosage every 2 months requires at
least twice the time spent in the clinic, we consider that a
scheme of 100 mg per month is more practical and with
fewer side effects. In the second study, involving 17 sta-
ble peritoneal dialysis patients [17] administered monthly
IV iron saccharate over 6 months. The dose was adjusted
according to TSAT (100 mg if TSAT was greater than 20%
or 200 mg if TSAT was less than 20%). There was a signif-
icant increase in TSAT levels from 12.1 to 20.9% and EPO
requirements decreased significantly from 148 to 69 units/
kg/week, but there was no significant change in ferritin and
hematocrit levels. Adverse events such as vertigo, hypo-
tension, and vomiting occurred in 0.9% of the 100 mg iron
infusions and in 5.9% of the 200 mg iron infusions. Even
though the exact number of patients receiving 200 mg is
not mentioned in the study, it is implied that they were the
majority, since most of the study subjects demonstrated
a TSAT less than 20% during the study (mean TSAT was
12.1 £ 1.6% at baseline and 20.9 +2.4% at the end of the
study). Lastly, Dittrich et al. [18] administered low-dose
iron sucrose in 45 PD patients for a year. Patients were
divided into three groups: one of absolute iron deficiency
(serum ferritin < 100 ng/mL), one of functional iron defi-
ciency (ferritin > 100 ng/mL and TSAT <20%), and one
of replete iron stores (ferritin > 100 ng/mL and TSAT
>20%). The first group received 50 mg iron sucrose IV
every second week, while the two others were given 50 mg
monthly. Only the absolute iron deficiency group showed a
significant decrease in EPO dose and a significant increase
of ferritin levels. On the contrary, in the other two groups,
ferritin levels did not change significantly and there was
an increase in EPO requirements. TSAT did not change
significantly in any of the groups. The authors suggest
that the 50 mg monthly dose was too low to be effective
in patients with functional iron deficiency or replete iron
stores. Respectively, in our study, eight patients without
absolute iron deficiency (ferritin > 100 ng/mL) showed
a significant increase in hemoglobin levels (from 10.0 to
10.7 mg/dL, p=0.02), probably due to the higher monthly

dose of iron they received (100 mg). Levels of ferritin and
TSAT also increased, even though this did not reach sta-
tistical significance. Therefore, since the monthly dose of
50 mg was shown to be ineffective in the above study [18],
the monthly dose of 100 mg, as administered in our study,
appears to be the lowest effective monthly dose tested to
date in PD patients.

Finally, among the iron deficiency indices and the other
parameters determined in the present study, only baseline
serum albumin levels differed significantly between the
patients who responded to IV iron administration and the
patients who did not. Even though serum albumin con-
centration has been shown to predict EPO response in
chronic hemodialysis patients [19], there are currently
no studies associating serum albumin levels or any other
parameter with a hemopoietic response to iron administra-
tion in PD patients. Indeed, in a study by Domrongkitchai-
porn et al. [20], baseline EPO dose, iron indices, serum
albumin, and iPTH did not differ significantly in patients
who responded to intravenous iron therapy and in those
who did not. Likewise, Singh et al. [10] were not able to
show any association between response to iron treatment
and baseline TSAT or ferritin. Similarly in our study, the
response to iron administration did not differ significantly
between iron deficient and non-iron deficient patients (63%
vs. 57%, respectively).

In addition, although no acute side effects were observed
during a 9-month follow-up, many questions regarding the
safety of IV iron administration have not been addressed in
the present study. These include concerns such as increas-
ing the risk for long-term infection, enhancing oxidative
stress, or the induction of other immunomodulatory effects.
Another limitation of the present study is the small num-
ber of patients, although it has produced significant results
in increasing Hb and ferritin levels. One more limitation is
the lack of a control group. However, unfortunately, in PD
patients, there are no adequate and controlled studies rec-
ommending the optimal dose of IV iron supplementation.
Therefore, this is a common limitation of all similar studies
yet reported. Due to that lack, the current study appears to
add substantial evidence to the limited available data regard-
ing IV iron administration in PD patients.

In conclusion, in an effort to administer the minimum
monthly IV iron dose that could improve hemoglobin levels
and at the same time enhance response to EPO, we demon-
strated for the first time that a once monthly IV administra-
tion of 100 mg iron sucrose appears to be safe in the short
term and effective in treating anemia in PD outpatients.
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