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Abstract
Aims/Background Anaemia is a common complication in chronic kidney disease, particularly in peo-
ple with advanced kidney failure, contributing to increased morbidity and mortality. Iron repletion and
erythropoietin-stimulating agents are widely used to manage anaemia, reducing the need for blood trans-
fusions. However, these treatments carry risks, including thrombosis and cardiovascular issues. While
intravenous iron is an established therapy for people receiving haemodialysis, its safety and efficacy in
people undergoing peritoneal dialysis remain uncertain, partly due to limited data. This review assesses
the current evidence on intravenous iron for managing anaemia in peritoneal dialysis, focusing on its
impact on iron status, safety, and clinical outcomes.
Methods Systematic searches of MEDLINE, Embase, Cochrane Library, HMIC, AMED and CINAHL
were conducted. All eligible studies investigating intravenous iron therapy in adults with end-stage kid-
ney failure undergoing peritoneal dialysis were included. The risk of bias was assessed using the Joanna
Briggs Institute checklists for randomised, quasi-randomised and cohort studies. Sensitivity analysis
was performed by comparing fixed and random effects models, removing outliers and performing a
leave-one-out analysis. Studies had considerable heterogeneity when tested with Cochran’s Q Test and
the I2 statistic. Where meta-analyses were not possible, narrative syntheses were conducted due to ex-
pected variations in iron dosing and monitoring practices, allowing for a more contextualised analysis
of the data across heterogeneous study designs.
Results 9 studies were included (3 studies compared intravenous to oral iron). The mean ferritin in-
crease was 153.07 ng/mL (95% confidence interval (CI): 107.30–198.84; p < 0.0001) after sensitivity
analysis. The mean transferrin saturation increase was 9.29% (95% CI: 2.98–15.61; p = 0.0039).
Conclusion Despite the variability, the included studies consistently show that intravenous (IV) iron
improves ferritin, transferrin saturation, haemoglobin, and haematocrit levels, while reporting few ad-
verse events. Future research should focus on optimal dosing, safety, and outcomes beyond anaemia,
such as cardiovascular health and quality of life, to maximise patient benefits.
Systematic Review Registration PROSPERO (CRD42022363043).
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Introduction
Anaemia is a common and significant complication in people with chronic kid-

ney disease (CKD) and end-stage kidney failure (ESKF), contributing to higher
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morbidity and mortality rates. The prevalence of anaemia in CKD varies consid-
erably, with rates ranging from 8.4% in stage 1 to 53.4% in stage 5, underscoring
the critical need for effective management strategies (Inker et al, 2019; Perlman et
al, 2019; Stauffer and Fan, 2014). Treatment strategies often include iron repletion
and erythropoietin stimulating agents (ESAs) to reduce dependence on blood trans-
fusions and mitigate associated infectious and immunologic risks. Although these
treatments have improved outcomes for people with CKD-related anaemia, ESA
use is associated with serious adverse effects, including increased risks of throm-
bosis and cardiovascular complications at higher haemoglobin targets, as shown
by large, randomised trials (Besarab et al, 1998; Drüeke et al, 2006; Singh et al,
2006a).

Erythropoietin (EPO) functions as the controlling factor in erythropoiesis, while
iron as the essential building block for haemoglobin synthesis. A decrease in iron
or EPO levels, or both, results in the inhibition of erythropoiesis and the develop-
ment of anaemia (Goodnough, 2012; Kalantar-Zadeh et al, 2009). There are several
factors that can also inhibit erythropoiesis, leading to anaemia, including uraemic
toxins, inflammatory cytokines (interleukins) and secondary hyperparathyroidism.
However, the most common is iron deficiency.

It is important to recognise the definition of iron deficiency and anaemia in
people with CKD, which is historically based on 3 parameters: haemoglobin (Hb);
serum ferritin (SF), an indicator of stored iron and transferrin saturation (TSAT),
an indicator of circulating iron. In CKD, absolute iron deficiency has been defined
as TSAT <20% and ferritin <100 ng/mL in people not on haemodialysis therapy
or <200 ng/mL in people receiving haemodialysis. Functional iron deficiency has
been defined as TSAT<20% and ferritin>100 ng/mL in people not on dialysis ther-
apy or >200 ng/mL in people receiving haemodialysis (Macdougall et al, 2019).

The standard treatment for people undergoingmaintenance haemodialysis (HD)
involves iron repletion using intravenous (IV) iron preparations, particularly fol-
lowing the findings of the PIVOTAL trial, which demonstrated that proactive “high-
dose” IV iron reduced the need for ESAs and blood transfusions without increasing
the incidence of infection or hospitalisation and led to a 15% reduction in hospital-
isations for heart failure and all-cause mortality (Drüeke and Parfrey, 2012).

However, the safety and efficacy of IV iron in patients undergoing peritoneal
dialysis (PD) remain uncertain due to the limited number of randomised controlled
trials (RCTs) and concerns about potential iron overload, cardiovascular compli-
cations, and increased infection risks. Major guidelines, including those from the
National Institute for Health and Care Excellence (NICE) (2021), Kidney Disease
Improving Global Outcomes (Drüeke and Parfrey, 2012), National Kidney Founda-
tion Kidney Disease Outcomes Quality Initiative (KDOQI, 2006), and UK Kidney
Association (UKKA) (2024) do not provide specific recommendations for IV iron
use in the PD population. This uncertainty is further reflected in studies such as the
Peritoneal Dialysis Outcomes and Practice Patterns Study (PDOPPS), which found
significant variability in the use of ESA and iron therapy among PD patients across
different countries (Perl et al, 2016).
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The NIMO-CKD (Kalra et al, 2020) study demonstrated that higher doses of
IV iron isomaltoside significantly reduced the likelihood of needing retreatment
at 1 year and resulted in greater haemoglobin increases in non-dialysis-dependent
CKD patients with anaemia, compared to lower doses. Similarly, the FIND-CKD
trial (Macdougall et al, 2014) found that targeting higher ferritin with IV ferric
carboxymaltose led to reduced need for additional anaemia treatments and greater
haemoglobin improvements when compared to oral iron or lower ferritin targets,
without increasing adverse events. The IRONMAN (Kalra et al, 2022) trial ex-
tended these findings to patients with heart failure, where IV ferric derisomaltose
reduced serious cardiac events and hospitalisations, particularly during the coron-
avirus disease 2019 (COVID-19) period, highlighting the broader benefits of IV
iron in anaemia and cardiovascular management.

Due to gaps in current data and the absence of clear guidelines for managing
iron supplementation in individuals receiving peritoneal dialysis (PD), recent large
studies, such as PIVOTAL, NIMO-CKD, FIND-CKD, and IRONMAN, are often
referred to in order to provide insights into the optimal use of IV iron in similar
populations. Despite these promising findings, guidelines lack specific recommen-
dations for managing iron deficiency in people receiving PD because the varying
efficacy and safety of IV iron administration across different patient populations
necessitate further investigation. A Cochrane review conducted in 2019 did not
find sufficient evidence to determine if the method of administration of iron has
an effect on all-cause mortality, cardiovascular death or quality of life (O’Lone et
al, 2019). This is because most of the studies available are small and have short
follow-up periods. They also concluded that there is a low certainty of evidence
that IV iron increases Hb, SF or TSAT when compared with oral administration
in people with CKD. However, the authors did conclude that IV iron reduces the
necessary dose of ESAs to maintain a target Hb as compared with oral iron use.

This systematic review aimed to evaluate the current evidence on the efficacy
of IV iron in treating anaemia in people receiving PD, with secondary objectives ex-
ploring infection rates, hospital admissions, additional anaemia management needs,
mortality rates, and the impact on patients’ quality of life. By synthesising these
findings, this review will contribute to a clearer understanding of the role of IV iron
in managing anaemia among people receiving PD, ultimately aiming to improve
clinical outcomes for this vulnerable population.

Methods
This study was conducted in accordance with the Cochrane Handbook for Sys-

tematic Reviews of Interventions and adhered to the guidelines established by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Page et al, 2021). The PRISMA checklist is available in Supplementary Mate-
rial 1. The study protocol is registered on the PROSPERO database under registra-
tion number CRD42022363043: https://www.crd.york.ac.uk/PROSPERO/view/C
RD42022363043.
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Literature Search
To obtain usable research data, six databases were searched (Medline, Embase,

Cochrane Library, HMIC, AMED and CINAHL) from their inception to 1 October
2024. The search was restricted to English-language studies. The search algorithm
was tailored to meet the specific requirements of each database, and the detailed
search strategy is provided in Supplementary Material 2.

Eligibility Criteria and Literature Screening
The research question and eligibility criteria for this systematic review were

formulated using the Population, Intervention, Comparison, Outcome (PICO)method:
• Population: Adults undergoing peritoneal dialysis.
• Intervention: Intravenous iron infusion.
• Comparison: Oral iron, or no comparator.
• Outcomes: Efficacy (haemoglobin, haematocrit, ferritin, transferrin satura-

tion or ESA dose), infection, admissions, mortality, quality of life and acceptabil-
ity.

Inclusion criteria for the study were: (1) patients undergoing peritoneal dialy-
sis (all forms); (2) intravenous iron infusion; (3) randomised control trials, cohort
study or quasi-randomised study. Case reports and reviews were excluded. Studies
that did not primarily involve peritoneal dialysis patients or the administration of
intravenous iron were excluded.

Titles and abstracts from the search results were screened, and relevant or po-
tentially relevant studies underwent full-text reviews. Two independent authors
(SS and RM) applied the inclusion and exclusion criteria, with disagreements re-
solved through discussion or, if necessary, consultation with a third reviewer (SB).
A Preferred Reporting Item for Systematic Reviews and Meta-analyses (PRISMA)
diagram (Fig. 1) is shown below.

Data Extraction and Review
Screened studies were uploaded to the Covidence™ systematic review soft-

ware (Veritas Health Innovation, Melbourne, VIC, Australia). Two researchers (SS
and RM) independently extracted data from the articles. Numerical data were ob-
tained from tables, text, or figures. Any discrepancies that arose during the process
were discussed and resolved with the supervising author (SB). The included studies
are summarised in Table 1.

Quality Evaluation
The Joanna Briggs Institute checklists for risk-of-bias (randomised controlled

trials, cohort studies, quasi-randomised studies) were employed to assess the qual-
ity of the included studies. Two researchers (SS and RM) independently utilised
these tools during the evaluation process. Discrepancies between researchers were
resolved by consulting the supervising author (SB).
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Data Analysis
R version 4.4.2™ (R Project 2024, Austria, https://cran.r-project.org/bin/win

dows/base/old/4.4.2/) was used to analyse the data and generate forest plots. Con-
tinuous data was assessed using mean difference (MD) or standard mean difference
(SMD) with 95% confidence intervals (CI), no dichotomous data was extracted. A
difference was considered statistically significant when the p-value was<0.05. Sta-
tistical heterogeneity was calculated using Cochran’s Q Test and I2 statistic. When
I2 > 50% (and Q = p< 0.05), indicating significant statistical heterogeneity, effect
sizes were combined using a random effects model (if I2 < 50% and Q = p > 0.05,
the fixed-effects model was used). When significant heterogeneity was detected
(I2 > 50%), the stability of the results was evaluated through sensitivity analysis.
Sensitivity analysis was performed by comparing fixed- and common-effect mod-
els and systematically excluding one study at a time to assess the impact of each
study on the overall results. Given the expected heterogeneity in iron dosing, mon-
itoring, and prescribing practices, a narrative synthesis has also been performed to
summarise the findings.

Results
1862 studies were found via database searches, and 951 duplicates were iden-

tified and removed. A further 831 were removed at the title and abstract screening,
and 71 were removed at full-text review. 9 studies were included in this systematic
review and meta-analysis (Fig. 1). A summary of included studies is listed in Ta-
ble 1. A detailed description of the baseline haematological characteristics of the
participants of each study is listed in Table 2.

Quality Assessment
The risk of bias was evaluated independently by two authors using Joanna

Briggs Institute (JBI) checklists for RCTs, Cohort and non-randomised studies (Fig. 2)
(JBI, 2024).

Serum Ferritin
Intravenous (IV) iron consistently demonstrated significant increases in serum

ferritin levels across studies, outperforming oral iron, which produced more mod-
est improvements. The magnitude of ferritin elevation varied but was consistently
greater in the IV iron groups over time (Table 3). Baseline ferritin levels ranged
widely across studies, from 46.1 to 323 ng/mL.While Singh et al (2006b) did not re-
port numerical changes in ferritin, they observed a statistically significant increase
from baseline in the IV iron group, which was not observed in the oral iron group. A
random-effects model (Fig. 3) estimated a mean ferritin increase of 118.62 ng/mL
(95% CI: 61.98–175.26; p < 0.0001), with high heterogeneity (I2 = 97.1%; p <
0.0001).
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Table 1. Summary of studies.
Author, Year, Location Research design Duration Participants Intervention and comparator Primary outcome(s)

Prakash et al, 2001 Retrospective cohort study 1 week 61 (Total) Iron dextran or iron saccharate Hb
Canada 33 (Iron dextran) 500 mg (25 mg test then 475 mg) TSAT

23 (Iron saccharate) (Initially iron dextran, switched to
iron saccharate once available)

Ferritin
5 (Both) Hct

Portolés-Pérez et al, 2019 Retrospective cohort study 12 months 91 Ferric carboxymaltose Ferritin
Spain 500 or 1000 mg TSAT

EEI

Johnson et al, 2001 Prospective cross-over study 12 months 28 Iron polymaltose Hb
Australia 200 mg every 2 months TSAT

Alternating 4 months: oral, IV, oral Ferritin
Comparator: ESA
Ferrous sulphate 350 mg BD

Ahsan, 1998 Non-randomised experimental
study

6 months 25 Iron dextran Hct
USA 1000 mg (25 mg test then 975 mg) TSAT

Single dose
Comparator:
Ferrous sulphate 325 mg TDS

Richardson et al, 2001 Non-randomised experimental
study

13 months 81 Iron dextran Hb
UK 300 mg then 200 mg Ferritin

%HRC
ESA
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Table 1. Continued.
Author, Year, Location Research design Duration Participants Intervention and comparator Primary outcome(s)

Dittrich et al, 2002 Non-randomised experimental
study

12 months 45 Iron sucrose ERI
Austria 50 mg every other week until serum

ferritin >100 µg/L then monthly
Hb
ESA
Ferritin
TSAT
Serum iron

Mitsopoulos et al, 2020 Non-randomised experimental
study

9 months 18 Iron sucrose Hb
Greece 6 monthly doses, 1st dose 200 mg,

with 5 further doses of 100 mg.
Ferritin

TSAT

Singh et al, 2006b Randomised controlled trial 12 weeks 96 Iron sucrose Peak Hb increase
USA 3 divided doses: 300 mg (day 1 &

15), 400 mg (day 29)

Li and Wang, 2008 Randomised controlled trial 8 weeks 46 Iron sucrose Response rate
China 200 mg weekly for 4 weeks then al-

ternate weeks for 4 weeks
(Hb increase >15 g/L or
Hct increase >5%)

Comparator: Hct
Ferrous succinate 200 mg TDS

Hb, haemoglobin; TSAT, transferrin saturation; Hct, haematocrit; EEI, ESA effectiveness index; ESA, erythropoietin stimulating agent; %HRC, per-
centage of hypochromic red cells; TDS, three times a day; BD, twice a day; IV, intravenous; ERI, erythropoietin resistance index.
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Table 2. Baseline haematological characteristics of study participants.
Study Serum ferritin (ng/mL) Transferrin saturation (%) Haemoglobin (g/dL) ESA dose Haematocrit (%)

Prakash et al, 2001 104.9 ng/mL 17% 9.8 g/dL 7279 IU/week 29%

Portolés-Pérez et al, 2019 213.4 ± 145.8 ng/mL 18.6 ± 7.8% 10.7 ± 1.2 g/dL 80 (40–160) µg/month ND

Johnson et al, 2001 323 ± 46 ng/mL 24.2 ± 1.7% 10.7 ± 0.3 g/dL 91.0 ± 10.0 U/kg/week ND

Ahsan, 1998 IV: 89.9 ± 46.5 ng/mL IV: 11.3 ± 3.5% ND IV: 7886 ± 1449 U/week IV: 31.0 ± 0.9%
Oral: 174.1 ± 56.2 ng/mL Oral: 30.1 ± 3.5% Oral: 6370 ± 1553 U/week Oral: 33.0 ± 1.0%

Richardson et al, 2001 240 ng/mL (107–390) ND 11.0 g/dL (10.1–12.6) 42 (25–95) IU/kg/week ND

Dittrich et al, 2002 Deficient: 46.1 (30.8–
66.5) ng/mL

Deficient: 16.30% (10.13–
21.98)

Deficient: 11.9 (11.3–
12.3) g/dL

Deficient: 122.0 (70.4–
153.8) IU/kg/week

ND

Functional: 179.0 (124.5–
214.3) ng/mL

Functional: 16.62%
(10.95–18.13)

Functional: 11.5 (10.8–
12.0) g/dL

Functional: 96.3 (53.7–
134.0) IU/kg/week

Replete: 199.5 (154.0–
340.8) ng/mL

Replete: 25.33% (22.55–
38.99)

Replete: 11.6 (10.9–13.1)
g/dL

Replete: 30.8 (0.0–85.4)
IU/kg/week

Mitsopoulos et al, 2020 143 ± 111 ng/mL 26.2 ± 7.1% 10.0 ± 0.9 g/dL 72.2 ± 88.8 U/kg/week ND

Singh et al, 2006b IV: 167.5 ng/mL IV: 19.80% IV: 10.6 g/dL IV: 11,681 IU/week NDOral: 194.2 ng/mL Oral: 16.80% Oral: 10.5 g/dL Oral: 7932 IU/week

Li and Wang, 2008 IV: 110.6 ± 54.1 ng/mL IV: 19.4 ± 8.8% IV: 8.8 ± 0.8 g/dL IV: 114 ± 24 IU/kg/week IV: 24.2 ± 2.3%
Oral: 111.2 ± 54.8 ng/mL Oral: 19.3 ± 8.1% Oral: 8.8 ± 0.9 g/dL Oral: 115 ± 25 IU/kg/week Oral: 24.1 ± 2.8%

Hb, haemoglobin (g/dL); TSAT, transferrin saturation (%); Hct, haematocrit (%); ND, no data.
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) dia-
gram.

Sensitivity analyses were conducted to assess the robustness of our findings
by excluding outlier studies (Dittrich et al, 2002; Johnson et al, 2001 excluded)
(Fig. 4). This was done to evaluate whether the pooled effect size was influenced
by studies with extreme effect estimates. When outliers were excluded, the pooled
effect size (random model) increased from 118.62 (95% CI: 61.98–175.26; p <
0.0001) to 153.07 (95% CI: 107.30–198.84; p < 0.0001), and heterogeneity (I2)
was reduced from 97.1% to 90.6% (p < 0.0001).
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Fig. 2. Joanna Briggs Institute (JBI) Checklists. Green = yes/strong, red = no/weak. (A) Ran-
domised controlled trials. (B) Quasi-randomised and non-randomised studies. (C) Retrospective
studies.

Fig. 3. Forest plot (serum ferritin), random effects model. TE, treatment effect; SE, standard
error.

Transferrin Saturation (TSAT)
Intravenous iron generally led to significant and sustained increases in TSAT

across studies, often surpassing oral iron in improving iron availability (Table 4).
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Table 3. Serum ferritin.
Study ID Baseline SF IV iron Baseline SF comparator ∆SF IV ∆SF comparator

Prakash et al, 2001 104.9 ng/mL ND All: ND
293.1 at 6 months
+188.2 ng/mL
Iron Dextran:
310.4 ± 236.7 at 6 months
+228.8 ng/mL
Iron Saccharate:
279.1 ± 204.0 at 6 months
+135.5 ng/mL

Portolés-Pérez et al, 2019 213.4 ± 145.8 ng/mL ND 452.2 ± 259.6 at 12 months ND
+238.8 ng/mL

Johnson et al, 2001 323 ± 46 ng/mL ND Completed: ND
317 ± 46 ng/mL at 12 months
–6 ng/mL
Withdrawn:
338 ± 128 ng/mL
+15 ng/mL

Ahsan, 1998 89.9 ± 46.5 ng/mL 174.1 ± 56.2 ng/mL 278.9 ± 56.5 at 6 months 214.9 ± 66.9 at 6 months
+189.0 ng/mL +40.8 ng/mL

Richardson et al, 2001 240 (107–390) ng/mL ND 317 (193–497) at 13 months ND
+77 ng/mL
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Table 3. Continued.
Study ID Baseline SF IV iron Baseline SF comparator ∆SF IV ∆SF comparator

Dittrich et al, 2002 Deficient: ND Deficient: ND
46.1 (30.8–66.5) ng/mL 111.0 (92.0–130.0) at 12 months
Functional: +64.9 ng/mL
179.0 (124.5–214.3) ng/mL Functional:
Replete: 122.5 (109.3–214.0) at 12 months
199.5 (154.0–340.8) ng/mL +56.5 ng/mL

Replete:
216.5 (184.3–282.3) at 12 months
+17 ng/mL
Combined:
124.0 (102.0–206.0) at 12 months
+16.0 ng/mL

Mitsopoulos et al, 2020 143 ng/mL ± 111 ND 1 month post-infusion: ND
260 ± 159
+117 ng/mL
3 months post-infusion:
239 ± 144
+96 ng/mL (–21)

Singh et al, 2006b 167.5 ng/mL 194.2 ng/mL Significant increase from baseline
(p = 0.0004)

No significant increase
from baseline

Li and Wang, 2008 110.6 ± 54.1 ng/mL 111.2 ± 54.8 ng/mL 466.7 ± 85.3 at 8 weeks 299.4 ± 83.2 at 8 weeks
+356.1 ng/mL +188.2 ng/mL

ng/mL, nanograms per milliliter; ND, no data; SF, serum ferritin (ng/mL).
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Table 4. Transferrin saturation.
Study ID Baseline TSAT IV iron Baseline TSAT

comparator
∆TSAT IV ∆TSAT comparator

Prakash et al, 2001 17% ND All: ND
24% at 6 months
+7%
Iron Dextran:
24% ± 9 at 6 months
+6%
Iron Saccharate:
23% ± 1 at 6 months
+7%

Portolés-Pérez et al, 2019 18.6% ± 7.8 ND 27.6% ± 11.1 at 12 months ND
+9.0%

Johnson et al, 2001 24.2% ± 1.7 ND Completed: ND
24.8% ± 2.1 at 12 months
+0.6%
Withdrawn:
22.7% ± 3.0
–1.5%

Ahsan, 1998 11.3% ± 3.5 30.1% ± 3.5 33.7% ± 3.7 at 6 months 22.6% ± 4.0 at 6 months
+22.4% –7.5%
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Table 4. Continued.
Study ID Baseline TSAT IV iron Baseline TSAT

comparator
∆TSAT IV ∆TSAT comparator

Dittrich et al, 2002 Deficient: ND Deficient: ND
16.30% (10.13–21.98) 20.15% (16.32–30.51) at 12 months
Functional: +3.85%
16.62% (10.95–18.13) Functional:
Replete: 15.23% (11.17–23.72) at 12 months
25.33% (22.55–38.99) –1.39%
Combined: Replete:
19.21% (12.95–23.98) 29.68% (22.22–35.22) at 12 months

+4.35%
Combined:
23.20% (16.32–31.78) at 12 months
+3.99%

Mitsopoulos et al, 2020 26.2% ± 7.1 ND 1 month post-infusion: ND
33.1% ± 11.4
+6.9%
3 months post-infusion:
32.3% ± 9.5
+6.1% (–0.8%)

Singh et al, 2006b 19.8% 16.8% No significant difference in increase
between groups.

No significant difference in
increase between groups.

Peak TSAT significantly higher
than control group (p = 0.0098).

Li and Wang, 2008 19.4% ± 8.8 19.3% ± 8.1 37.8% ± 16.1 at 8 weeks 25.7% ± 17.5 at 8 weeks
+18.4% +6.4%

ND, no data.
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Fig. 4. Forest plot (serum ferritin), random effects model.

Singh et al (2006b) did not provide numerical TSAT values but reported no signifi-
cant overall difference between groups; however, the peak TSAT was significantly
higher in the intravenous iron group compared to the oral group (p = 0.0098). No-
tably, Dittrich et al (2002) observed a reduction in TSATwithin the functional group
treated with intravenous iron, while increases were reported in the iron-deficient,
iron-replete, and combined groups. A random-effects model (Fig. 5) estimated a
mean TSAT increase of 9.29% (95% CI: 2.98–15.61; p = 0.0039), with high hetero-
geneity (I2 = 99.1%; p < 0.0001).

Sensitivity analyses by comparing fixed and common effect models, excluding
outlier studies and the leave-one-out method did not significantly affect the pooled
result or heterogeneity.

Fig. 5. Forest plot (transferrin saturation), random effects model.

Erythropoietin Stimulating Agent (ESA) Dose and Effectiveness Indexes
There was a variety of units used to report ESA doses, as well as ESA effective-

ness index (EEI) and erythropoietin resistance index (ERI), both quotients of ESA
dose and haemoglobin. Intravenous (IV) iron therapy consistently reduced ESA
requirements across most studies, with greater reductions compared to oral iron or
ESA alone. Despite variability in reduction, IV iron effectively lowered the ESA
dose required to maintain or improve haemoglobin (Table 5). In Richardson et al
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Fig. 6. Forest plot (haemoglobin), random effects model.

(2001), a small increase in ESA dose was reported, however, escalating patient’s
doses was designed in the study methods. Due to methodological variability in the
data reported, no meta-analysis was performed on erythropoietin doses.

Haemoglobin (Hb)
Intravenous (IV) iron consistently led to increases in Hb levels across studies,

with the extent of improvement influenced by the iron regimen and baseline Hb
levels (Table 6). In the two studies comparing IV and oral iron, Hb improvements
were observed in both groups, though IV iron consistently demonstrated a greater
effect. Notably, Ahsan (1998) did not report Hb outcomes. Among the remaining
eight studies, baseline Hb levels varied significantly, ranging from 88.3 g/L in Li
and Wang (2008) to 119 g/L in the iron-deficient subgroup of Dittrich et al (2002)
A random-effects model (Fig. 6) estimated a mean Hb increase of 8.01 g/L (95%
CI: 4.43–11.60; p < 0.0001) with high heterogeneity (I2 = 92.8%; p < 0.0001).

Haematocrit
The available data suggest that IV iron improves haematocrit levels more ef-

fectively than oral iron. Among studies reporting haematocrit outcomes, IV iron
groups exhibited greater increases, ranging from 1% to 11%. In studies compar-
ing IV and oral iron, oral iron either led to a decrease in haematocrit (–1.6%) or
achieved a smaller increase compared to IV iron (6.4% vs. 11.1%) (Table 7). A
random-effects model (Fig. 7) estimated a mean haematocrit increase of 5.69%
(95%CI: 3.83–7.55; p< 0.0001), with high heterogeneity (I2 = 91.2%; p = 0.0008).

Adverse Events
The safety profiles of IV iron administration indicate a generally low incidence

of adverse effects across multiple studies. Notably, several investigations reported
no significant adverse reactions associated with IV iron treatments. Overall, the
findings from these studies suggest that IV iron administration is safe, with serious
adverse events being rare and the incidence of infections comparable to alternative
treatments (Table 8).
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Table 5. Erythropoiesis-stimulating agent dose.
Baseline ESA dose IV iron Baseline ESA dose

comparator
∆ESA dose IV ∆ESA dose comparator

Prakash et al, 2001 7279 IU/week ND Combined: ND
5900 IU/week at 6 months
–1379 IU/week
Iron Dextran:
6482.8 ± 3978.7 IU/week at 6 months
–1850.5 IU/week
Iron Saccharate:
7058.8 ± 6814.2 IU/week at 6 months
–1885.6 IU/week

Portolés-Pérez et al, 2019 80 (40–160) µg/month ND Mean: ND
55.7 ± 81 µg/month at 12 months
–20.8 µg/month
Median:
60 (40–120) µg/month at 12 months
–20 µg/month
EEI:
1.4 (0–6.1) µg/month per g/dL at 12 months
–2.9 µg/month per g/dL

Johnson et al, 2001 91.0 ± 10.0 IU/kg/week ND Completed: ND
82.4 ± 14.5 IU/kg/week at 12 months
–8.6 IU/kg/week
Withdrawn:
102 ± 13 IU/kg/week
+11 IU/kg/week

Ahsan, 1998 7886 ± 1449 IU/week 6370 ± 1553 IU/week 4779 ± 981 IU/week at 6 months 9998 ± 1027 IU/week
–3107 IU/week +3628 IU/week
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Table 5. Continued.
Baseline ESA dose IV iron Baseline ESA dose

comparator
∆ESA dose IV ∆ESA dose comparator

Richardson et al, 2001 42 (25–95) IU/kg/week ND 45 (27–101) IU/kg/week at 13 months ND
+3 IU/kg/week

Dittrich et al, 2002 Deficient: ND Deficient: ND
122.0 (70.4–153.8) IU/kg/week 61.9 (33.6–113.8) IU/kg/week at 12 months
Functional: –60.1 IU/kg/week
96.3 (53.7–134.0) IU/kg/week Functional:
Replete: 109.5 (67.9–129.9) IU/kg/week at 12 months
30.8 (0.0–85.4) IU/kg/week +13.2 IU/kg/week
Combined: Replete:
78.7 (39.8–147.1) IU/kg/week 42.8 (27.1–77.6) IU/kg/week at 12 months

+12.0 IU/kg/week
Combined:
61.5 (29.9–116.7) IU/kg/week at 12 months
–17.2 IU/kg/week

Mitsopoulos et al, 2020 72.2 ± 88.8 IU/kg/week ND At 1 month post final infusion: ND
69.1 ± 76.5 IU/kg/week
–3.1 IU/kg/week
At 3 months post final infusion:
82.2 ± 104.4 IU/kg/week
+10 IU/kg/week
(+13.1)

Singh et al, 2006b 11,681 IU/week 7932 IU/week ND ND

Li and Wang, 2008 114 ± 24 IU/kg/week 115 ± 25 IU/kg/week 6100 ± 1043 IU/week at 8 weeks 7635± 1024 IU/week at 8weeks
–1476 IU/week +0 IU/week

µg/month, micrograms per month; IU/kg/week, international units per kilogram per week; EEI, ESA effectiveness index (micrograms per month per gram per
decilitre [µg/month per g/dL]); ND, no data.
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Table 6. Haemoglobin.
Baseline Hb IV iron Baseline Hb comparator ∆Hb IV ∆Hb comparator

Prakash et al, 2001 98.3 g/L ND All: ND
110.5 g/L at 6 months
+12.2 g/L
Iron Dextran:
106.7 ± 22.2 g/L at 6 months
+9.9 g/L
Iron Saccharate:
113.1 ± 17.7 g/L at 6 months
+14.8 g/L

Portolés-Pérez et al, 2019 107 ± 12 g/L ND 114 ± 14 g/L at 12 months ND
+7 g/L

Johnson et al, 2001 107 ± 3 g/L ND Completed: ND
109 ± 3 g/L at 12 months
+2 g/L
Withdrawn:
101 ± 5 g/L
–6 g/L

Richardson et al, 2001 110 g/L (101–126) ND 117 g/L (110–127) at 13 months ND
+7 g/dL
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Table 6. Continued.
Baseline Hb IV iron Baseline Hb comparator ∆Hb IV ∆Hb comparator

Dittrich et al, 2002 Deficient: ND Deficient: ND
119 g/L (113–123) 120 (110–128) g/L at 12 months
Functional: +1 g/L
115 g/L (108–120) Functional:
Replete: 120 (109–124) g/L at 12 months
116 g/L (109–131) +5 g/L
Combined: Replete:
118 g/L (110–124) 123 (120–132) g/L at 12 months

+7 g/dL
Combined:
121 (112–128) g/L at 12 months
+3 g/dL

Mitsopoulos et al, 2020 100 ± 9 g/L ND At 1 month post final infusion: ND
109 g/L ± 1.2
+9 g/L
At 3 months post final infusion:
109 g/L ± 14
+9 g/L (+0 g/L)

Singh et al, 2006b 106 g/L 105 g/L Significant increase from baseline
at each 2-week interval

No significant increase from base-
line at any 2-week interval

59.1% had >10 g/L increase 33.3% had >10 g/L increase
Median time to increase 48.3 d Median time to increase 51.4 d
Peak Hb increase 13 g/L Peak Hb increase 6 g/L

Li and Wang, 2008 88.3 ± 8.3 g/L 88.6 ± 8.8 g/L 122.1 ± 10.5 at 8 weeks 106.3 ± 10.4 at 8 weeks
+33.8 g/L +17.7 g/L

g/L, grams per litre; ND, no data.
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Table 7. Haematocrit.

Baseline Hct
IV iron

Baseline Hct
comparator

∆Hct IV ∆Hct comparator

Prakash et al, 2001 29% ND 30% at 6 months ND
+1%

Ahsan, 1998 31.0 ± 0.9% 33.0 ± 1.0% 36.0 ± 1.0% at 6 months 31.4 ± 1.1% at 6 months
+5.0% –1.6%

Li and Wang, 2008 24.2 ± 2.3% 24.1 ± 2.8% 35.3 ± 2.5% at 8 weeks 30.5 ± 2.4% at 8 weeks
+11.1% +6.4%

ND, no data.

Fig. 7. Forest plot (haemoglobin), random effects model.

Patient Reported Outcome Measures
No data was reported on quality of life, symptom burden or other patient re-

ported outcome measures. Similarly, there was no data on mortality.

Discussion
This review identified several key patterns and themes regarding the use of IV

iron in people receiving PD, with substantial heterogeneity observed across studies.
Understanding the sources and implications of this heterogeneity is crucial for in-
terpreting the findings, informing future research, and optimising clinical practice
to maximise patient outcomes.

Exploring Differences and Reasons for High Heterogeneity
The included studies demonstrated considerable heterogeneity in population

characteristics, interventions, outcome measures, and study design, which chal-
lenges direct comparisons and limits the feasibility of a meta-analysis. While most
studies included patients receiving PD and categorised them by iron status—deficient
(ferritin <100 ng/mL), functional (ferritin >100 ng/mL and TSAT <20%), or re-
plete (TSAT >20%)—there were notable differences in how these categories were
defined.

Interventions varied widely, with studies employing different IV iron prepara-
tions, doses, and dosing intervals, or combining multiple interventions over time. A
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Table 8. Adverse events.

Prakash et al, 2001 Iron Dextran: 1 patient experienced anaphylaxis (2.9%), side effects reported
in 14.7% of participants.
There was no significant difference in the incidence of peritonitis between
groups.

Portolés-Pérez et al, 2019 Ferric Carboxymaltose: no hypersensitivity reactions, treatment discontinua-
tions, or dose adjustments due to serious adverse events were reported.
Two deaths and seven episodes of peritonitis occurred following ferric car-
boxymaltose administration, none were attributed to the treatment.
Common non-serious adverse events noted included headache and mild hy-
potension.

Johnson et al, 2001 Increased frequency of gastrointestinal disturbances in the oral group.

Ahsan, 1998 No adverse reactions or abnormalities in liver function tests were documented.

Richardson et al, 2001 No adverse reactions.

Dittrich et al, 2002 Iron Sucrose - systemic side effects reported in 0.5% of applications, with
instances of hypotension and nausea occurring after a single administration.
Localised pain at the injection site was observed in 0.3% of applications.

Mitsopoulos et al, 2020 Iron Sucrose 3 patients withdrew from the study due to unrelated complica-
tions.
No significant adverse events were attributed to the IV iron treatment.

Singh et al, 2006b Iron Sucrose - no serious adverse drug events were recorded.
1 patient discontinued treatment after developing moderate swelling and pru-
ritus, which resolved within two hours.
Three episodes of hypotension were reported, though two were likely unre-
lated to the treatment.

Li and Wang, 2008 Iron Sucrose - no adverse events were noted.
40% of patients in the oral iron group reported gastrointestinal side effects.

total of five IV iron preparations were used, including iron sucrose (n = 4; Dittrich
et al, 2002; Mitsopoulos et al, 2020; Singh et al, 2006b; Li and Wang, 2008), iron
dextran (n = 3; Prakash et al, 2001; Ahsan, 1998; Richardson et al, 2001), saccha-
rate (n = 1; Prakash et al, 2001), polymaltose (n = 1; Johnson et al, 2001), and ferric
carboxymaltose (n = 1; Portolés-Pérez et al, 2019). Follow-up periods ranged from
one week (Prakash et al, 2001) to 13 months (Richardson et al, 2001), and no two
studies used the same dosing regimen.

Outcome measures also differed across studies. While all studies reported
erythropoietin-stimulating agent (ESA) doses and serum ferritin levels, most in-
cluded TSAT (Richardson et al (2001) did not, Singh et al (2006b) provided numer-
ical baseline data but not for outcome data) and haemoglobin (Hb) (Ahsan (1998)
did not) as outcomes, but only three reported haematocrit (Hct) (Prakash et al, 2001;
Ahsan, 1998; Li and Wang, 2008). Primary outcomes varied, with Dittrich et al
(2002) focusing on the erythropoietin resistance index (ERI), Singh et al (2006b)
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on peak Hb increases, and Li and Wang (2008) on response rates in Hb or Hct.
Furthermore, 3 studies did not report confidence intervals or standard deviations
(Richardson et al, 2001; Dittrich et al, 2002; Singh et al, 2006b), which limits the
precision and reliability of reported outcomes.

Methodological differences exacerbated the variability. Approaches to mea-
suring ESA dose changes were inconsistent, employing different units or resistance
indices. Additionally, the lack of blinding and control groups in most studies intro-
duced potential bias, undermining the reliability of the findings (only Singh et al
(2006b) and Li andWang (2008) were blinded). Study designs were also diverse, in-
cluding two retrospective cohorts (Prakash et al, 2001; Portolés-Pérez et al, 2019),
one cross-over trial (Johnson et al, 2001), four quasi-randomised studies (Ahsan,
1998; Richardson et al, 2001; Dittrich et al, 2002; Mitsopoulos et al, 2020), and
two randomised controlled trials (Singh et al, 2006b; Li and Wang, 2008).

This variability in populations, interventions, outcomes, and methodological
approaches, compounded by incomplete reporting of statistical data, further limits
the applicability of a meta-analysis. A narrative synthesis provides a more suitable
approach to contextualising and interpreting these findings.

Consistency of Study Conclusions
Despite variations in methodology and procedures, the overall direction of the

results across studies was broadly consistent, with no study reporting a negative
effect of IV iron. Most studies demonstrated improvements in serum ferritin lev-
els, with those including an oral iron comparator typically showing a more sub-
stantial effect for IV iron. Only Johnson et al (2001) demonstrated a reduction in
serum ferritin, albeit very small. Nearly all studies reported increases in TSAT;
however, findings were mixed in specific subgroups. For instance, Dittrich et al
(2002) observed a small decrease in TSAT in the functional subgroup, while Singh
et al (2006b) found no statistical difference between intravenous and ESA-only
groups but reported a significantly higher peak TSAT in the IV iron group. Stud-
ies reporting on ESA dose reduction or stability consistently indicated that IV iron
either reduced or maintained the ESA dose, with Dittrich et al (2002) subgroup
analysis showing minor increases in replete and functional groups. Additionally,
haemoglobin and haematocrit levels consistently improved across all studies, re-
gardless of subgroup, following IV iron administration.

This is consistent with the PIVOTAL trial in people on haemodialysis where
they saw the median monthly dose of ESAs significantly reduced in the proactive
group (IV iron administered when ferritin<700 µg/L and TSAT<40%) compared
to the reactive group, with improvements in haemoglobin in both arms. It is also
consistent with the FIND-CKD trial in people with CKD stage 3–5 (not on dialysis)
where the high ferritin arm (IV iron administered when ferritin <600 µg/L and
TSAT <40%) had significantly increased haemoglobin when compared to the oral
arm.
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Common Findings on Influencing Factors and Study Limitations
Two of the quasi-randomised studies recognised the inherent limitations and

biases introduced by open-label designs and highlighted the practical challenges of
blinding in IV iron trials (Ahsan, 1998; Mitsopoulos et al, 2020). Developing a
placebo for IV iron and achieving participant blinding is complex and costly, mak-
ing them rare in this context. Ahsan (1998) study, which allocated patients with
lower iron stores to the IV group, reflects real-world practice; however, it also intro-
duces confounding due to inadequate controls. These common limitations across
studies underscore the need for cautious interpretation of findings and for future
studies to address these biases more rigorously.

Comparison of IV Iron to Other Iron Supplementation Modalities
Comparative data on IV versus oral iron were limited, with only two studies di-

rectly comparing the two (Ahsan, 1998; Li and Wang, 2008), one study comparing
ESA alone to ESA plus IV iron (Singh et al, 2006b) and one study comparing oral
and IV iron in a cross-over design (Johnson et al, 2001). In the UK, the standard
treatment for PD patients involves oral iron with IV “top-ups” if oral iron proves
insufficient or is poorly tolerated. IV iron may offer advantages over oral iron in
terms of absorption and fewer side effects, while oral iron remains preferable in
terms of cost-effectiveness and avoidance of cannulation. Future studies should
explore these trade-offs further, especially in relation to patient tolerability and ad-
herence, alongside efficacy outcomes.

In the FIND-CKD trial, they compared 2 IV arms: high ferritin (400–600 µg/L)
and low ferritin (100–200 µg/L); to oral iron only in people with CKD stages 3–5,
not on dialysis or ESA. There was a significantly reduced incidence of initiation
of anaemia therapy (a composite of ESA, transfusion or other iron therapy) when
compared to the oral arm.

Dosing Strategies
The reviewed studies highlighted significant variability in the dosing regimens

of IV iron, with no two studies using identical formulations, doses, or dosing fre-
quencies. Recent large randomised controlled trials investigating the use of IV iron
in different populations (PIVOTAL, FIND-CKD, NIMO-CKD, and IRONMAN)
have suggested potentially optimal dosing strategies, though these were beyond
the scope of the studies reviewed here. Further research is needed to determine an
effective and safe dosing regimen for people receiving PD, balancing efficacy and
safety. Evidence on dosing strategies is crucial to guide clinical practice on IV iron
administration in this patient population.

The NIMO-CKD trial, conducted among individuals with CKD not on dialy-
sis and with iron deficiency anaemia, found that participants who received higher
doses of IV iron (>1000mg)were significantlymore likely to achieve haemoglobin
levels exceeding 110 g/L. Furthermore, they had a markedly reduced likelihood of
requiring subsequent IV iron treatment.
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Future Research
Future research into IV iron therapy for PD patients must address significant

gaps in current knowledge to optimise treatment strategies and improve patient out-
comes. One critical area is the comparative effectiveness of oral versus IV iron. Al-
though oral iron remains a commonly used treatment, its efficacy compared to total
dose IV iron infusion, particularly in achieving and maintaining adequate Hb lev-
els and managing iron stores, has not been fully explored. Direct comparisons are
needed to assess the relative benefits, tolerability, and cost-effectiveness of these
approaches.

Another important gap lies in the understanding of optimal iron targets. Evi-
dence is limited regarding the risks and benefits of targeting different ferritin and
TSAT levels. For instance, the clinical implications of aiming for high iron targets,
such as TSAT up to 40% and SF up to 700 ng/mL, versus low targets, such as TSAT
up to 20% and SF up to 100 ng/mL, remain unclear. Research is needed to deter-
mine how these targets influence anaemia management, risks of iron overload, and
broader clinical outcomes.

The studies reviewed have largely concentrated on haematological outcomes,
overlooking broader clinical endpoints and patient-reported measures that signifi-
cantly impact patient well-being. Given the established link between anaemia in
dialysis patients and adverse events such as cardiovascular complications and mor-
tality, future research should prioritise examining the effects of IV iron on cardio-
vascular outcomes, including heart failure and myocardial infarction. Addition-
ally, investigating patient-reported outcomes, such as fatigue, physical function,
and overall well-being, could offer valuable insights into how improvements in
anaemia translate into enhanced quality of life.

Future trials should also explore the broader impact of IV iron therapy on mor-
tality, infection rates, hospitalisation rates, and the need for blood transfusions.
Cognitive function, physical function, and symptom burden, including breathless-
ness and fatigue, are critical areas that remain underexplored. Moreover, long-term
safety outcomes, such as the risks of iron overload, oxidative stress, and associated
complications, require further investigation. By addressing these gaps, future stud-
ies can provide a more comprehensive understanding of the benefits and risks asso-
ciated with IV iron therapy, guiding more patient-centred and effective treatment
strategies for individuals receiving peritoneal dialysis.

The underlying mechanisms influencing the response to iron therapy also re-
main poorly understood. Factors such as erythropoietin resistance and the interplay
between iron therapy and inflammation need further exploration to develop more
personalised treatment approaches. Research should aim to uncover these mecha-
nisms to enable tailored strategies that optimise efficacy while minimising risks.

To address these gaps, future studies must incorporate rigorous methodologies,
including randomised controlled trials with adequate blinding to minimise bias.
Uniform outcome measures and robust data collection on both clinical and patient-
reported outcomes are essential to improve the comparability and relevance of find-
ings. Holistic and multidisciplinary study designs that integrate long-term follow-
up are crucial for generating actionable evidence that can guide clinical decision-
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making. By addressing these areas, future research will help refine iron therapy
strategies, improving outcomes and quality of care for patients on peritoneal dialy-
sis.

Conclusion
This systematic review of iron supplementation in people receiving PD has

shown that intravenous iron is effective at improving haematological factors and
reducing ESA requirements. However, due to the relatively small studies and high
heterogeneity in study design, there remains a lack of overall certainty. It is un-
clear whether using intravenous iron corresponds to improvements in hard clinical
outcomes such as mortality, infection rates or incidence of transfusions. There is
an equipoise on which intravenous iron preparation, at which dose and interval are
most effective for PD. A randomised trial is rapidly needed.

Key Points
• Iron deficiency is common in people receiving peritoneal dialysis.
• The most optimal method of repletion remains to be validated in ran-

domised controlled trials.
• The trials to date have yet to demonstrate an improvement in clinical out-

comes beyond anaemia.
• Until such trials are carried out iron replenishment with oral or intra-

venous iron remains the mainstay of therapy to improve haemoglobin lev-
els and potential symptoms.
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