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ABSTRACT

Background. The efficacy of intravenous (IV) ferric carboxymaltose (FCM) has been demonstrated in haemodialysis and
non-dialysis studies, but evidence is lacking in patients undergoing peritoneal dialysis (PD).

Methods. This multicentre, retrospective study evaluated the effectiveness and safety of FCM in patients on PD over
12 months. We retrospectively reviewed the electronic medical records of PD patients who initiated FCM treatment between
2014 and 2017 across seven Spanish centres.

Results. Ninety-one patients were included in the safety population (mean 6 SD age 57.7 6 15.0 years) and 70 in the efficacy
population (mean age 50.9 6 14.5 years). No hypersensitivity reaction, FCM discontinuation or dose adjustment due to a
serious adverse event (SAE) was registered in the safety population. The most common non-SAEs reported were headache
(four events), mild hypotension (three events) and hypertension (two events), among others. In the efficacy population
(n¼70), 68.6% of patients achieved ferritin levels of 200–800 ng/mL, 78.4% achieved transferrin saturation (TSAT) >20%, and
62.8% achieved TSAT >20% and ferritin >200 ng/mL after 12 months of FCM initiation (P<0.01). Haemoglobin (Hb) levels
were maintained at >11 g/dL with a lower dose of darbepoetin throughout the follow-up. The sub-analysis of patients naı̈ve
to IV iron and with absolute or relative iron deficiency (n¼51) showed that 76.5% reached ferritin >200 ng/mL, 80.4% TSAT
>20% and Hb increased (1.2 g/dL) after 4 months of FCM treatment (P<0.01).
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Conclusion. In this multicentre, retrospective, real-world study conducted in the PD population, FCM was effective, safe and
easy to administer during routine clinical visits.
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INTRODUCTION

Anaemia and iron deficiency are common complications of
chronic kidney disease (CKD). The prevalence of iron deficiency
increases as renal function decreases, hindering the efficacy of
erythropoiesis-stimulating agents (ESAs). The National health
and nutritional examination survey (NHANES) study found a
high prevalence (65%) of iron deficiency in patients with CKD
Stages 3–5 [1], whereas the prevalence can reach 75% in perito-
neal dialysis (PD) and even higher rates in haemodialysis (HD)
[2]. Iron deficiency plays an important role in the development
of anaemia in CKD, which is associated with increased morbid-
ity and mortality, impaired quality of life, poor functional status
and CKD progression [3, 4]. Hence, an association between iron
deficiency and mortality has also been reported [5].

The Kidney Disease: Improving Global Outcomes (KDIGO)
guideline recommends iron supplementation for patients with
or without the concurrent administration of ESAs to increase
haemoglobin (Hb) levels or decrease ESA doses, provided that
ferritin is <500 ng/mL and transferrin saturation (TSAT) is <30%
[4]. Iron therapies include intravenous (IV) and oral routes of ad-
ministration, the latter being frequently associated with gastro-
intestinal side effects and poor compliance, as well as poor
gastrointestinal absorption and availability in CKD. In a ran-
domized, cross-over study, the intraperitoneal route was proven
inefficient and was therefore not recommended in PD patients
[6]. IV iron use is advisable as first-line treatment in patients on
dialysis or after an unsuccessful oral iron trial in non-dialysis
patients (ND-CKD). A recent meta-analysis demonstrated the
efficacy and safety of IV compared with oral iron both in HD
and ND-CKD settings, but none of the studies was conducted in
the PD population [7]. The National Institute for Health and
Care Excellence (NICE) guideline recommends IV iron formula-
tions [such as ferric carboxymaltose (FCM)] that allow a high-
dose low-frequency strategy for ND-CKD patients [8]. FCM is a
stable, non-dextran iron formulation providing a rapid and effi-
cient repletion of iron stores [9, 10] with a controlled delivery of
high iron doses into target tissues. In addition, the European
Society of Cardiology guideline goes beyond the nephrologist
perspective and recommends the use of FCM in patients with
heart failure with reduced ejection fraction and iron deficiency
with or without anaemia [11], given the positive results ob-
served in randomized clinical trials [12, 13].

The efficacy of IV iron therapy at correcting Hb and iron
indices has been proven in different settings including ND-CKD
[14–16] and HD [17]. However, the evidence is weak in patients
undergoing PD since a limited number of small, non-controlled
and short-term studies are available [18–26]. Different reasons
can plausibly explain the lack of evidence for PD. First, the pro-
portion of patients that initiate PD in Europe is lower (�14%)
than that for HD and varies widely among different countries
(2–33%) [27]. In Spain, these figures are similar, but we find other
causes: PD units are small, and patients remain on PD during
shorter periods (�2 years) than on HD. This is because the mor-
tality is low, and kidney transplantation is the first cause of PD
withdrawal [28]. Lastly, companies seem to have little interest
in investing in research in this area. All these reasons present a

challenging scenario for conducting well-designed, controlled
studies that may guide clinical decisions.

This was a retrospective observational study conducted by
the Spanish working group Grupo Centro de Diálisis Peritoneal
(GCDP) to describe the procedures, effectiveness and safety of IV
FCM treatment in a real-world setting of iron-deficient PD
patients.

MATERIALS AND METHODS
Study design

This multicentre, retrospective, observational study assessed
the effectiveness and safety of PD patients initiating FCM treat-
ment between 2014 and 2017 across seven Spanish centres of
the GCDP working group. The study retrospectively collected
data from the GCDP database, which systematically includes
demographic and clinical information from the electronic
medical records of patients receiving PD [29]. Data related to
FCM administration, clinical variables and adverse events (AEs)
were retrospectively retrieved at baseline (before FCM initiation)
and for up to 12 months (at Months 2, 4, 6 and 12).

The study adhered to the principles of the Declaration of
Helsinki and was approved by the Independent Ethics
Committees of the University Hospital Puerta del Hierro
(Madrid, Spain). Written informed consent was obtained from
all participants.

Study population

For safety analyses, we included patients who received at least
one FCM administration and remained on PD for at least
3 months. For efficacy analyses, we selected those PD patients
who received at least one FCM administration and had post-
baseline assessments after 6 months. Age, comorbid condition
or hospital admission were not reasons for exclusion. To evalu-
ate the correction of absolute or relative iron deficiency, we in-
cluded those patients that were not previously treated with IV
iron and with TSAT levels <20% or ferritin <100 ng/mL.

Study outcomes

The effectiveness of FCM was evaluated by monitoring the
mean change in ferritin and TSAT levels from baseline over a
12-month follow-up. Secondary outcomes included: the propor-
tion of patients achieving target levels for ferritin and/or TSAT;
the proportion of patients using ESAs and the dose received;
and accumulated FCM doses throughout the study. To evaluate
the ESA dose–response, we calculated an ESA effectiveness in-
dex (EEI) by dividing the darbepoetin dose (mg/month) received
between visits by the Hb level (g/dL) at the visit. For patients not
receiving ESA during an inter-visit period, the EEI was computed
as zero. This score is similar to the classic erythropoietin resis-
tance index previously used by other authors to evaluate the in-
dividual response to ESAs of a given patient.

To evaluate the safety profile of PD patients after FCM ad-
ministration, we retrieved safety data from electronic medical
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records. Patients spent 1–2 h in the hospital after IV administra-
tion during a nurse clinical visit and were instructed to inform
in case of any adverse reaction. The incidence of deaths, perito-
nitis and non-serious AEs (SAEs) was reported when available.
SAEs were hypersensitivity reactions or any AE leading to
iron withdrawal, hospitalization or emergency department
admission.

Iron deficiency and therapy targets were defined based on
current NICE, KDIGO and European Renal Best Practices (ERBP)
guidelines [4, 8, 30]. Absolute iron deficiency was considered
when ferritin levels were <100 ng/mL or TSAT was <20%. The
following therapy targets were defined: ferritin between 800
and 200 ng/mL and TSAT >20%. Following the NICE guideline,
we considered that FCM doses concurrent with ferritin >800 ng/
mL were not recommended [8].

Study treatment

FCM was administered according to the KDIGO guideline and
routine clinical practice [4]. Patients who initiated treatment
with FCM on PD can be classified into three groups: FCM as first-
line treatment, previous unsuccessful oral iron therapy (e.g.
poorly tolerated) or switch from HD to PD in those patients who
had previously received IV saccharate iron.

Patients were administered a load starting IV infusion of
FCM over 20 min at either 500 or 1000 mg in our PD units.
Laboratory tests were performed following FCM administration
to monitor patients’ status without the need for additional vis-
its. Subsequent FCM administrations depended on laboratory
results.

Statistical analyses

Continuous variables were described by mean, SD, median and
interquartile range, whereas categorical variables were de-
scribed by number and percentage.

To evaluate changes in continuous variables between visits,
we used repeated measures analysis of variance (ANOVA) test
with Bonferroni post hoc analysis. The level of statistical signifi-
cance was set at P< 0.05. All analyses were performed using the
Stata statistical software for Windows, Version 14 (StataCorp LP,
College Station, TX, USA).

RESULTS
Study population

Ninety-one patients were included in the safety population and
received a total of 229 FCM administrations (26 at 1000 mg and
203 at 500 mg). Mean 6 SD age in the safety population was
57.7 6 15.0 years and 61.9% were male. Of them, 21 were
excluded from the efficacy population because they did not
have assessments at Month 6 or at subsequent visits (3 were
transferred to HD and 18 remained on PD when the study
was closed). Therefore, the efficacy population comprised 70
patients (mean 6 SD age was 50.9 6 14.5 years and 68.5% were
males). Finally, 51 participants had post-baseline assessments
after 12 months (Figure 1). For the efficacy analysis in the cor-
rection of absolute or relative iron deficiency, we analysed data
from those 51 patients not previously treated with IV iron and
with TSAT <20% or ferritin <100 ng/mL.

At baseline, 25% of patients were previously on HD, 10.7%
had a previous graft failure and 64.3% were transferred from
pre-dialysis outpatient clinics. Participants spent a median of
6 months on PD before the initiation of FCM treatment. Thirty-

one percent of the patients received a previous unsuccessful
oral iron trial, 15% other IV iron formulation in a previous HD
treatment and the remaining (54%) started with FCM.

Baseline demographic and clinical data are summarized in
Table 1.

Safety results

No hypersensitivity reaction, FCM discontinuation or dose ad-
justment due to an SAE was registered in the patient charts.
Among the SAEs, two deaths and seven peritonitis episodes
were reported after FCM treatment, but none was considered re-
lated to the treatment. We have not registered any discontinua-
tion of FCM treatment during the follow-up.

Eight (8.8%) patients reached mean ferritin levels >800 ng/
mL during the follow-up, and only three (3.3%) received FCM
administration while ferritin levels were above this upper
limit. We identified a feasible cause in most cases (two blood
transfusions due to bleeding, one cardiac surgery, two inflam-
matory conditions such as infection and one malnutrition–

FIGURE 1: Flowchart showing the study design.

Table 1. Demographic and clinical characteristics of patients at
baseline

n 91
Age, mean 6 SD, years 57.7 6 15.0
Gender (male), n (%) 56 (61.9)
Hb, mean 6 SD, g/dL 10.7 6 1.2
Ferritin, mean 6 SD, ng/mL 213.4 6 145.8
TSAT, mean 6 SD, (%) 18.6 6 7.8
ESA use

Darbepoetin, n (%) 64 (70)
Darbepoetin dose, median (range), mg/month 80 (40.0–160.0)

FCM administrations, n 229
1000 mg, n (%) 26 (11.4)
500 mg, n (%) 203 (88.6)

Aetiology of CKD (%)
Diabetic nephropathy 23.1
Glomerulonephritis 21.9
Vascular/hypertensive diseases 18.7
Interstitial nephritis 11.0
Polycystic kidney disease 5.5
Other/unknown origin 6.6/13.2

n, number.

176 | J. Portolés-Pérez et al.



inflammation–atherosclerosis syndrome), whereas two cases
could not be explained by any apparent cause and were likely
related to the treatment.

The most common non-SAEs reported after FCM administra-
tion were headache (four events), mild hypotension (three
events), hypertension (two events), local tattoo due to extrava-
sation (two events) and flare-up of eczema (one event).

Effectiveness results

Participants improved mean ferritin, TSAT and Hb levels upon
FCM treatment with a mean 6 SD FCM dose of 1700 6 1032 mg/
year and a median of 1500 mg (1000–2500) (Table 2). Mean ferri-
tin and TSAT levels significantly increased from baseline, and a
high proportion of patients reached target levels at the end of
follow-up (P< 0.01). The review of data from those patients who
never reached TSAT levels >20% (3/71) or failed to maintain
them after 1 year (11/71) showed the occurrence of comorbid
conditions such as cancer (one patient) or intercurrent events
such as active bleeding (seven episodes), peritonitis (eight epi-
sodes) or other infections (six episodes). Hb levels increased
from baseline and were maintained at >11 g/dL during the
follow-up with a lower dose of darbepoetin (median doses:
80 mg/month at baseline and 60 mg/month after 12 months). This
resulted in a reduction in EEI from 4.3 to 1.4 mg/month/g/dL. The
evolution of clinical variables is shown in Table 2.

Dialysis adjustments were performed to maintain adequacy
targets. We observed Kt/V stable levels at baseline, 6 and
12 months (Kt/V: 2.3 6 0.5 versus 2.1 6 0.5 versus 2.2 6 0.9) and a
decrease in residual renal function (RRF) (RRF: 6 6 4.7 versus
5.5 6 4.1 versus 3.5 6 4.0 mL/min). The mean peritonitis rate was
0.4 episodes per year at risk, and 80% of patients did not present
any peritoneal infection during the follow-up. None of the peri-
tonitis cases was diagnosed during the week following FCM ad-
ministration and were therefore not considered related to the
treatment. We found no correlation between these variables
and Hb levels.

We observed that iron indices improved across the visits in
those 51 patients naı̈ve for IV iron and with iron deficiency. As
shown in Table 3, mean ferritin and TSAT levels statistically in-
creased from baseline to Month 4 (increase of 161.5 ng/mL and

12.7%, respectively), resulting in >70% of patients reaching tar-
get levels (P< 0.01). Mean accumulated FCM dose was 910 mg
during the first 4 months of treatment. An increase in mean Hb
levels was observed (from 10.5 to 11.7 g/dL) together with a re-
duction in EEI from 5.4 to 4.1 mg/month/g/dL.

DISCUSSION

To the best of our knowledge, this is the first observational
study assessing the effectiveness and safety of FCM in PD
patients by using a therapy regimen adapted to home dialysis.

In this PD population, we evidenced the effectiveness of FCM
at improving iron indices and the reduction of ESAs doses with-
out SAEs. One of the major findings of this study is the high pro-
portion of patients achieving clinical targets after FCM
initiation. Approximately three-quarters of patients reached the
primary endpoint after 6 months and maintained target levels
until the end of the 12-month follow-up. Notably, we could
identify a clinical cause (comorbid conditions or intercurrent
events) in those who did not reach target levels during the
follow-up. The reduction of darbepoetin use and doses enabled
by the Hb improvement demonstrates the effectiveness of FCM
and agrees with previously reported data for HD patients [31].

Current anaemia guidelines recommend IV iron as adjunc-
tive therapy for iron deficiency to treat CKD-related anaemia,
but the thresholds of iron targets for the correction of iron defi-
ciency per se are far from consensus. Whereas the ERBP pro-
posed to initiate IV iron if TSAT levels are <20% [32], the KDIGO
guideline recommends the use of IV iron if an increase in Hb or
a decrease in ESA doses are desired and iron status falls below
the upper limit (ferritin <500 ng/mL and TSAT <30%) [4]. The ra-
tionale for raising the limits was the poor predictive value of
TSAT for real iron deficiency and the aim to increase the num-
ber of patients that could benefit from iron supplements. The
last NICE guideline discourages the use of IV iron if ferritin lev-
els rise above 800 ng/mL [8].

In fact, clinical guidelines do not define a specific target
range for iron supplementation but rather a safety limit in dif-
ferent CKD settings. However, information is limited regarding
iron targets in the PD population. Thus, in our study, we defined

Table 2. Evolution of clinical variables over 12 months of follow-up

Clinical variables Month 0 (n¼ 70) Month 4 (n¼ 70) Month 6 (n¼ 70) Month 12 (n¼ 51)

Hb, mean 6 SD, g/dL 10.7 6 1.2 11.9 6 1.4 11.7 6 1.3 11.4 6 1.4
P< 0.001 P< 0.001 P¼ 0.03

Ferritin, mean 6 SD, ng/mL 213.4 6 145.8 379.3 6 267.7 424.7 6 254.9 452.2 6 259.6
P< 0.001 P< 0.001 P< 0.001

TSAT, mean 6 SD, % 18.6 6 7.8 30.4 6 15.2 30.0 6 13.0 27.6 6 11.1
P< 0.001 P< 0.001 P< 0.001

Darbepoetin use, % 70 80 74.3 48.9*
Darbepoetin dose, mg/month

Median (IQR) 80 (40–160) 60 (40–120) 60 (40–120) 60 (40–120)
Mean 6 SD 76.5 6 83 71.3 6 73 65.5 6 80 55.7 6 81

EEI, median (IQR), mg/month per g/dL 4.3 (0–12.1) 4.5 (1.7–4.5) 3.4 (0–7.3) 1.4 (0–6.1)*
Accumulated FCM dose, mg 0 1100 1200 1700
Ferritin 200–800 ng/mL, % 45.7 70* 74.3* 68.6*
TSAT >20%, % 34.3 78.7* 78.7* 78.4*
TSAT >25%, % 14.3 60.1* 58.7* 62.8*
TSAT ¼ 20% and ferritin >200 ng/mL, % 15.7 65.8* 67.2* 62.8*

EEI, microgram/month of darbepoetin per gram/decilitre of Hb. Patients not receiving darbepoetin were computed as 0.

P-values were calculated by repeated measures ANOVA and Bonferroni post hoc test versus baseline. *P<0.01 for chi square versus baseline.

IQR, interquartile range.
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clinical targets (ferritin between 800 and 200 ng/mL and TSAT
>20%) by considering these safety recommendations. For exam-
ple, the UK renal registry showed that the PD population
has lower median ferritin levels than the HD population and
that less than two-thirds of them fall within the 100–500 ng/mL
ferritin range [33].

Only a limited number of studies have addressed the effi-
cacy and safety of IV iron in the PD population [18–26].
Unfortunately, none of them used FCM, sample sizes were small
and some of them did not exclusively focus on the PD popula-
tion [18]. Seven studies, including a total of 147 patients,
reported a significant increment in Hb and ferritin levels after a
single dose of iron dextran or saccharate [18, 19, 22, 25, 26, 34,
35], and the majority registered a low incidence of AEs
upon iron administration. However, most of the studies were
conducted during a short-term follow-up for the safety analysis
(4 months on average, and only two studies exceeded this
follow-up period) [25, 35].

In contrast, evidence of FCM effectiveness is solid in ND-
CKD patients as many well-designed studies are available.
Qunibi et al. [14] showed almost twice the proportion of patients
reaching an increase in Hb �1.0 g/dL with FCM versus oral iron
in a population of 255 subjects [14]. In the FIND-CKD study, FCM
enabled higher ferritin and TSAT levels to be reached, maintai-
nance of patients on Hb target and delay and/or reduction of
ESA use over a 12-month follow-up [36]. Moreover, a recent
meta-analysis comprising data from 2369 patients with CKD
Stages 3–5 demonstrated a higher likelihood of achieving a Hb
increase >1 g/dL in patients treated with IV versus those treated
with oral iron [7].

Current guidelines extrapolate these positive results to
the PD population and base their recommendations on both
ND-CKD and HD data. In our country, IV iron implementation in
PD units is challenged by the lack of scientific evidence in this
population, small PD programmes without local experience,
complex hospital administration requirements, vein-sparing
strategy for future vascular access and safety concerns. In our
study, we demonstrated that, under clinical practice conditions,
treatment with a high-dose low-frequency strategy with FCM is
effective and safe, and eases administration.

The Dialysis outcome and practice patterns study (DOPPS)
found an association between higher IV iron doses (�300 mg/
month) and mortality by evaluating data from 32 435 HD

patients (hazard ratio 1.13, 95% confidence interval 1.00–1.27
versus <200 mg/month) [37]. Moreover, it is important to con-
sider the risk of hypersensitive reactions and some evidence
about the pro-oxidant effect of IV iron. All these safety concerns
led the KDIGO to include the following safety recommenda-
tions: to avoid the use of IV iron when ferritin is >800 ng/mL
and TSAT is >40%, during active infections and in facilities
without trained staff to manage hypersensitivity reactions.

However, we are aware that the risks could differ between
PD and HD patients. In this context, the Japanese dialysis report
including 191 902 patients receiving dialysis found an associa-
tion between high ferritin levels and mortality in HD patients
but not in PD patients [38]. We previously evidenced that PD
patients are younger, less comorbid and with lower iron
requirements than HD patients [29].

The PIVOTAL study compared a proactive versus a reactive
strategy with IV iron sucrose on 2300 HD patients and reported
a lower risk for a composite of events in the high-dose IV iron
group, with better control of anaemia and iron, and a similar
safety profile [17]. In our study, patients received a median total
dose of 1500 mg after 12 months, which is remarkably lower
than that in the proactive group of PIVOTAL (median 3200 mg/
year for 2 years). However, because of the different study design
and study population, our results cannot be directly compared
with those of PIVOTAL.

Regarding safety analyses, our main concern was to properly
identify anaphylaxis, a reaction than could be over-reported by
a deficient differential diagnosis. In our study, we found no sin-
gle case of hypersensitivity or anaphylactic reaction, not even
uncertain descriptions requiring therapy. These results are con-
sistent with those of the FIRM study, showing an incidence of
0.6 and 0.7% of moderate to severe hypersensitivity reactions in
patients receiving ferumoxytol and FCM, respectively [39].
Similarly, the high-dose iron formulation of isomaltose iron had
an adverse reaction rate of 0.5% with no confirmed episodes of
anaphylaxis [40]. Furthermore, the meta-analysis comprising 13
randomized controlled trials found no increased risk of adverse
reactions, infections or mortality with IV iron as compared with
the oral route of administration [7].

The main strength of this study is that it is the first in report-
ing the effectiveness and safety of FCM in PD patients. The
study employed a comprehensive and well-designed database,
which allowed reliable tracking of SAEs that occurred in the

Table 3. Evolution of clinical variables in patients naı̈ve to IV iron

Clinical Variables Month 0 (n¼ 51) Month 2 (n¼ 51) Month 4 (n¼ 51)

Hb, mean 6 SD, g/dL 10.5 6 1.2 11.6 6 1.4 11.7 6 1.3
P< 0.001 P< 0.001

Ferritin, mean 6 SD, ng/mL 156.3 6 110.8 342.8 6 234.9 317.8 6 175.4
P< 0.001 P< 0.001

TSAT, mean 6 SD, % 17.1 6 7.2 27.4 6 13.4 29.8 6 14.8
P< 0.001 P< 0.001

Darbepoetin dose, mean 6 SD, mg/month 89.4 6 66.8 86.8 6 67.6 76.5 6 68.7
Darbepoetin dose, median (IQR), mg/month 80 (40–120) 70 (40–120) 60 (40–80)
EEI, median (IQR), mg/month/g/dL 5.4 (0–10.3) 5.1 (1.8–9.5) 4.1 (1.6–6.8)
Accumulated FCM dose, mg 0 720 910
Ferritin >200 (ng/mL), % 33.3 68.8* 76.5*
TSAT >20%, % 23.5 80.4* 80.4*
TSAT >25%, % 11.1 60.8* 64.7*

EEI, mg/month of darbepoetin per gram/decilitre of Hb. Patients not receiving darbepoetin were computed as 0.

P-values shown were calculated by repeated measures ANOVA and Bonferroni post hoc test versus baseline. *P<0.01 for Chi-square versus baseline.

IQR, interquartile range.
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hospital, emergency units or outpatient clinics. In addition, this
study did not have restrictive selection criteria and was not lim-
ited by the target-achieving strategy of randomized clinical tri-
als. Moreover, it included a considerable sample size and was
conducted over a long-term follow-up (12 months).

However, the study also has limitations mainly associated
with its observational design, such as the risk of selection
bias or the lack of control group, which could limit the external
validity of our results. Its retrospective nature also meant that
some analyses were limited by the availability of data and the
lack of a common PD protocol between PD units. In addition, we
acknowledge that non-SAEs could have been left unregistered.

CONCLUSIONS

FCM IV iron treatment is effective and safe to treat iron defi-
ciency anaemia in the PD population. The experience described
here with a high-dose and low-frequency strategy with FCM
concurrent with routine hospital visits could be easily adapted
to home PD, although prospective studies confirming our
results are needed.
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