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Abstract

Background and Aims: Chronic kidney disease (CKD) patients undergoing peritoneal

dialysis (PD) are susceptible to complications, including iron overload, which can

significantly impact their prognosis and overall health. This scoping review aimed to

study the prevalence and implications of iron overload in CKD patients under-

going PD.

Methods: A comprehensive search was conducted across five databases, leading to

the selection of 18 papers for in‐depth analysis. These studies collectively involved

381 PD patients, 60.3% were males.

Results: No consensus was reached regarding the exact diagnostic cutoff for iron

overload. The investigations revealed four main aspects: (1) Seven papers identified

various factors contributing to iron overload, emphasizing the role of different iron

supplements and magnetic resonance imaging's capability to diagnose iron

accumulation in organs; (2) Iron overload in young patients was found to hinder

growth; (3) Six studies highlighted the adverse effects of iron overload, with cardiac

issues being the most significant; (4) Three studies demonstrated the efficacy of

iron‐chelating agents, Deferoxamine and Deferasirox, in treating iron overload

patients undergoing PD. Overall, the estimated prevalence of liver iron overload in

CKD patients on PD ranges from approximately 10% to 28.6%, which is far lower

than the prevalence of 75% elegantly shown in HD patients.

Conclusion: While iron overload was a significant concern for CKD patients

undergoing PD in the past, it is less common in the current era due to advancements

in treatments, such as erythropoiesis‐stimulating agents. Treatment with specific

chelation agents has proven beneficial, but there is also a risk of adverse effects,

necessitating meticulous monitoring and timely intervention.
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1 | INTRODUCTION

Peritoneal dialysis (PD) is a kidney replacement treatment modality

received by an estimated 11% of chronic kidney disease (CKD)

patients on dialysis worldwide.1 It is a cost‐effective alternative

intended to provide relative ease of use, protect patients from

significant blood pressure alterations in patients on hemodialysis

(HD), and maintain residual kidney function.1,2 Although iron is a vital

component and is strictly regulated by the body, iron overload, also

known as secondary hemosiderosis, may arise in many conditions,

including chronic transfusions. It is associated with multiorgan

damage, such as liver, heart, and pancreas damage, due to the lack

of enough protective and excretory mechanisms of iron. Iron is

crucial in reducing free radical production in the cells.3,4

Iron overload associated with chronic transfusion has long been

highlighted in the literature. Since patients undergoing dialysis

receive erythropoiesis‐stimulating agents (ESAs) to correct adverse

anemia, they are often administered iron supplementation to ensure

sufficient iron stores.5 Patients undergoing HD often receive

intravenous (IV) iron, resulting in significant iron accumulation;

however, patients undergoing PD often take oral iron supplements

because their iron requirements are generally lower.1,6 Consequently,

iron overload in dialysis patients may severely impair their health.

Iron overload in HD patients has been investigated in several studies,

and hepatic, cardiac, and multiorgan effects have been studied.7–9 PD

and HD differ significantly in their impact on iron metabolism. PD

involves the continuous exchange of dialysate through the peritoneal

cavity, which can lead to a more gradual and consistent removal of

waste and excess minerals, including iron.8 In contrast, HD involves

intermittent sessions where blood is filtered through an external

machine, which can cause more abrupt shifts in iron levels.9 These

differences highlight the need for tailored management strategies to

address iron overload in patients undergoing PD.

Several approaches have been employed to manage iron over-

load and prevent its associated complications. These therapies can be

broadly categorized as follows: (1) phlebotomy,10 (2) Iron chelators,3

(3) Dietary Modifications.11 Deferoxamine (DFO), the first iron

chelator used to treat excess iron, is primarily administered

parenterally owing to its limited oral absorption.3 Deferasirox (DFX)

is an oral iron chelator that offers a convenient once‐daily

administration. DFX has shown efficacy in reducing serum ferritin

and liver iron content in patients with transfusion‐dependent

conditions, such as sickle cell disease and β‐thalassemia.12 In patients

with CKD, most iron chelators are unsuitable, where DFX offers a

promising solution.13 However, its high cost, potential side effects,

and the need for close monitoring, along with limited comprehensive

studies on its efficacy and safety, present notable challenges

according to a recent review that examined the potential and

difficulties of using DFX in CKD patients undergoing dialysis.13

In this scoping review, we aimed to investigate the prevalence of

iron overload in CKD patients undergoing PD and emphasize the

possible correlations with different iron supplements. The diagnostic

methods and criteria for iron overload in patients undergoing PD and

consequences and treatment regimens are also discussed.

2 | METHODS

2.1 | Rationale

The present review was conducted to synthesize publicly available or

published data on iron overload in patients with CKD undergoing PD

treatment. This scoping review adheres to the guidelines outlined in

the Preferred Reporting Items for Systematic Reviews and Meta‐

Analyses extension for Scoping Reviews (PRISMA‐ScR) checklist.14

2.2 | Protocol registration

No specific review protocol was registered for this scoping review.

2.3 | Eligibility criteria

The inclusion criteria for this review were as follows:

• Published in English.

• No restrictions on the publication date.

• Any study methodology except for reviews, editorials, letters,

commentaries, or any secondary articles.

2.4 | Search strategies

A comprehensive search was conducted from July 15 to 25, 2022,

across five electronic databases: PubMed, Scopus, MedRxiv, Co-

chrane, and Google Scholar. The keywords used for the search are

illustrated in Table 1. Medical Subject Headings (MeSH) terms were

added when applicable to ensure the retrieval of all relevant studies

based on their indexed terms in the included databases.

2.5 | Data filtration process

Four reviewers (JJ, AI, MT, MA) performed the filtration process

through three stages:

• Articles were initially filtered by title.

• The next stage involved filtering by abstract.

• The final stage included a full‐text review.

At each stage, two reviewers independently assessed each

article. Discrepancies were resolved by a third author or through

discussion.
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2.6 | Data extraction

Data extraction was conducted independently by four reviewers (JJ,

AI, MT, MA) using a designated data extraction form created with

Google Forms. The form was divided into four main sections:

• General Information: Paper ID, authors, publication year, and

location of the study.

• Study Characteristics: Study type, number of patients, study

duration, age group (adults or pediatrics), mean age, sex, number

of CKD patients, number of patients undergoing PD, and type

of PD.

• Clinical Characteristics: Number of patients with iron overload,

serum levels of ferritin, iron, transferrin, total iron‐binding capacity

(TIBC), transferrin saturation (TSAT), and any relevant clinical

findings.

• Study Outcomes: Summary of the study's main findings.

3 | RESULTS

Our search yielded 221 articles, reduced to 62 records after abstract

filtration and 30 after full‐text review. After full text review, 18

papers were included in this review describing 915 patients, of whom

381 were patients undergoing PD (Table 2). Figure 1 includes a

PRISMA‐style chart summarizing the filtration process.

3.1 | Characteristics and sources of the included
studies

Included articles ranged according to publication year from 1983 to

2023 across several countries and areas worldwide. Most included

articles were cross‐sectional studies (n = 12), with one cohort study

and five case reports. Patients had a mean age of 47.3 years, although

two articles described pediatric patients only (<18 years).17,25

Generally, among studies that described the sex of their respective

populations, 60.3% of patients were males.

Most patients received Continuous Ambulatory Peritoneal

Dialysis (CAPD), although some cases included Automated Peritoneal

Dialysis (APD). No specific cutoff value for iron overload was agreed

upon among the included articles; however, serum ferritin was the

most popular diagnostic test.

Four main aspects were discussed in the included articles, and

accordingly, the present study summarizes evidence within these

sub‐topics:

3.1.1 | Incidence and diagnosis of iron overload
patients on patients undergoing PD

Of the included articles, seven studies discussed detecting iron overload

in PD patients within certain circumstances or in comparison with other

clinical settings. Of these articles, Ali and Mashadani21 described 10 PD

patients receiving recombinant human erythropoietin (rHuEpo) and iron

dextran after dialysis without significant elevation in iron markers. In a

similar context, Saglam et al.22 investigated the impact of IV iron‐sucrose

on oxidative stress in CAPD patients, monitoring iron accumulation and

clearance. Saglam et al.22 found that iron stores may influence oxidative

stress before administration, suggesting that if baseline ferritin was

optimal, IV iron‐sucrose is safe to administer in CAPD patients.

An interesting comparison was conducted by Hiratsuka et al.29 in

which the authors compared the impact of ferric citrate hydrate (FCH), an

iron‐based phosphate binder, on iron accumulation with HD and PD.

None of their HD patients suffered from iron overload. In contrast, five

patients undergoing PD developed excess iron, which suggested that the

dialysis type influenced FCH and its role in iron overload incidence.29

Casimiro de Almeida et al.27 assessed the impact of dialysis

modalities (HD and PD) in pediatrics with end‐stage kidney disease

(ESKD) on growth and inflammation. Two main markers significantly

correlated to growth restriction and inflammatory status: serum

ferritin and Hepcidin‐25. HD patients reported significantly higher

iron accumulation compared to patients undergoing PD. Of PD

patients, 55% were stunted in growth, 85% were anemic, and

Hepcidin‐25 showed marked twofold or less elevation, indicating

significant inflammation, although less than patients on HD.27

TABLE 1 Search terms used in databases.

Category Term

CKD “Chronic kidney diseases” OR “chronic renal disease” OR “chronic renal failure” OR “Chronic Kidney failure” OR “chronic
nephropathy” OR “long‐term kidney disease” OR “end‐stage kidney disease” OR “chronic kidney dysfunction”

AND

Peritoneal dialysis “Peritoneal dialysis” OR “continuous cycling peritoneal dialysis” OR “Automated peritoneal dialysis” OR “peritoneal pheresis” OR
“peritoneal apheresis”

AND

Iron overload “Iron overload” OR “iron accumulation” OR “iron toxicity” OR “hemochromatosis” OR “bronze diabetes” OR “iron‐storage
disease” OR “Acquired hemochromatosis”

Abbreviation: CKD, chronic kidney disease.
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Three articles utilized magnetic resonance imaging (MRI) to assess

iron metabolism and accumulation in patients undergoing PD,

especially in the liver and spleen. Querfeld et al.16 and Issad et al.28

aimed to assess iron overload in pediatric and adult patients using MRI

imaging of the liver and spleen. The signal intensity observed in the

livers and spleens of patients undergoing PD was descriptive of iron

accumulation, proving MRI effective in diagnosing iron overload.

Similarly, Rostoker et al.31 conducted a cohort study over 6 years,

using MRI to explore liver tropism for iron sucrose, ferric carbox-

ymaltose, and iron isomaltose in seven patients with CKD and iron

overload on PD. Iron sucrose was correlated with higher levels in the

liver and spleen, affecting liver structure, although the aforementioned

article was not devoted specifically to patients undergoing HD or PD

but rather to an in‐vivo pharmacokinetic analysis.31 Therefore, the

estimated prevalence of liver iron overload in CKD patients on PD

ranges from approximately 10% to 28.6%, which is far lower than the

prevalence of 75% elegantly shown in HD patients.7 However, these

proportions need to be validated through a systematic review with a

larger sample size to ensure more accurate and reliable estimates.

3.1.2 | Consequences of iron overload in patients
undergoing PD

Six studies investigated the adverse effects of iron excess.15,20,24–26,32

All studies concluded that iron overload is one of the reasons for

sudden mortality in patients undergoing PD. These incidences of

sudden death in patients undergoing PD were usually due to cardiac

reasons. According to Bavbek et al.,26 CAPD patients are in danger of

significant arrhythmia and abrupt cardiac death from the repeated

infusion of iron or blood. Lee et al.32 also found that a high ferritin level

was related to an increased risk of all‐cause death in patients

undergoing PD and that this impact was independent of age, anemia,

and volume status. According to Ruiz‐Jaramillo et al.,25 three or more

cardiovascular risk factors were exhibited twice in iron excess patients,

and iron overload patients had a higher proportion of malnutrition,

hypertension, and hemoglobin than patients without iron overload.

In two papers, namely, Jairam et al.24 and Ruiz‐Jaramillo et al.,25

inflammatory markers such as CRP, IL‐6, and tumor necrosis factor‐a

were also notably elevated in iron overload patients.24,25 However,

according to,24 the activation of these inflammatory markers was more

evident in adult patients who received IV iron, while25 observed similar

findings in infants and adolescents. Wu et al.20 investigated QT

depression in 102 patients undergoing PD by monitoring their

electrocardiogram changes in correlation with the changes in iron

stores. They concluded that a value of TSAT less than 35% was a

safe iron status in patients undergoing PD, considering the risk of

arrhythmias.

3.1.3 | Treatment for PD‐related iron overload

Three of the articles were concerned with treatment modalities to

manage iron overload in patients undergoing PD. Andreoli et al.17

used intraperitoneal Deferoxamine (DFO) therapy in three pediatric

patients on CAPD, which showed considerable iron removal and

negative iron balance in patients originally suffering from iron

overload. Nevertheless, despite DFO being knowingly capable of

reducing serum ferritin levels and hepatic iron content, it did not

reduce liver iron content but did reduce serum iron levels.17

Two papers used Deferasirox (DFX) as an Iron chelating agent. Yii

et al.30 reported the case of a 53‐year‐old patient with beta‐

thalassemia major and CKD on CAPD. They used DFX at a dose of

1000mg/day, which showed moderate efficacy in reducing iron

overload. Yusuf et al.23 reported the first case of recurrent DFX‐

related symptomatic hypocalcemia in a 43‐year‐old patient under-

going PD treated with DFX. The patient was anemic and received

long‐term blood transfusions and erythropoietin treatment.23

3.1.4 | Relation to porphyria cutanea tarda

The present study included two case reports of PCT in ESKD patients

receiving PD. Kelly and O'Rourk19 discussed the available therapeutic

options for treating a 60‐year‐old white woman with ESKD on PD

complicated by sporadic PCT. Plasma levels of fractionated porphy-

rins were high, uroporphyrin 53.4 mg/dL, heptacarboxyporphyrin

47.8mg/dL, hexacarboxyporphyrin 10.8 mg/dL, pentacarboxypor-

phyrin 2.9 mg/dL, coproporphyrin 1.6 mg/dL. Therefore, estrogen

replacement therapy, furosemide, and polysaccharide‐iron complex

F IGURE 1 PRISMA‐ScR chart summarizing filtration process.
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supplements were all stopped to minimize the flair‐up. Due to

ongoing anemia, PCT was treated with more than 4 months of bi‐

weekly hydroxychloroquine and sun avoidance instead of phlebot-

omy. However, her skin lesions continued to worsen. “In our patient,

phlebotomy may be necessary to achieve improvement,” the authors

wrote. This happened in complete remission after undergoing

monthly phlebotomy for 20 weeks with steady hemoglobin levels.19

Ruggian et al.18 reported a 44‐year‐old epileptic white man with

ESKD on CAPD who PCT complicated due to the offending drug

phenytoin. Although a 24‐h urine collection showed normal concen-

trations of fractionated porphyrins, his plasma levels were high for

heptacarboxyporphyrins, uroporphyrins, and hexacarboxyporphyrins.

After 4 months of frequent phlebotomies and switching the phenytoin

to carbamazepine, the skin lesions had completely resolved.18

4 | DISCUSSION

Iron overload is a known complication in the treatment of CKD

patients undergoing PD, often necessitating additional management

and control. This scoping review examined adverse incidences of iron

overload in CKD patients undergoing PD. Our findings indicate that

60.3% of the patients were male. The male gender is associated with

higher serum ferritin concentrations and elevated hepcidin‐25 levels.33

Despite CKD being more prevalent among women, they are less likely

to commence dialysis. This discrepancy may be attributed to the

misinterpretation of women's glomerular filtration rate (GFR), slower

progression to ESKD, and various socioeconomic factors.34

The most important finding of this study is that no specific

level of serum ferritin or any other iron marker was agreed on in

the included articles as the clear determinant of iron overload. This

finding goes shoulder‐to‐shoulder with the evidence of why the

MRI has become the gold‐standard method for diagnosing and

monitoring iron overload instead of serum ferritin.35 The latter

marker of different levels was adapted as criteria in a few

studies.16,17,22,25,27,29,32 At the same time, TSAT was adopted by

Jairam et al.,24 and liver iron concentration was used in Issad

et al.'s28 study. Diagnosing hemochromatosis or iron excess can be

confusing, but values like serum ferritin, TSAT, and liver iron

concentration are all used in clinical practice. Some consider serum

ferritin higher than 300 ng/mL in males and higher than 200 ng/m

in menstruating females. Still, these values are prone to errors as

serum ferritin is an acute phase reactant, so it can be elevated in

inflammations or infections.36 These levels were adapted from

papers published in 1998, which begs whether these levels are

clinically accurate and generalizable.37,38

One interesting aspect was addressed in Casimiro de Almeida

et al.'s27 study, where the authors addressed the alteration in growth

due to iron imbalance. It is known that iron deficiency results in

growth restriction.39 Still, Casimiro de Almeida et al.27 highlight the

impact of iron excess and inflammatory state on growth restriction,

a described phenomenon, often in the context of iron overload in

beta‐thalassemia patients.40,41

Different types of iron supplementation were used in the

included studies, each with a different rate of iron overload incidence

and a different adverse reaction profile. rHuEpo and iron dextran

have been used21; rHuEpo is an older drug, which has been recorded

to turn iron deficiency into iron overload if improperly used,

especially in resistant cases requiring IV iron administration.42 On

the other hand, iron sucrose has been used in Saglam et al.22 and

Rostoker et al.31 Both studies indicated iron overload due to iron‐

sucrose administration to patients undergoing PD and tried to

develop preadministration criteria for patient evaluation. However,

according to Rostoker et al.,31 ferric carboxymaltose, and iron

isomaltose were safer and less prone to accumulation in the liver,

which is supported in the literature by clinical trials comparing the

administration of both iron supplements.43,44

ESKD patients undergoing PD are at risk of severe morbidity up

to mortality due to iron overload. This review found that iron

overload can cause death by inducing fatal cardiac arrhyth-

mias.15,20,24–26,32 Iron overload could lead to cardiomyopathy,

inducing preventable heart failure, starting as a diastolic dysfunction

and arrhythmias.45 Management of iron overload in CKD patients on

PD involves a combination of continuous monitoring (e.g., MRI) and

iron chelation.46,47 In our cohort, two cases were presented where

iron chelating agents DFO and DFX were administered. DFO, a

common iron‐chelating agent, reduced serum iron effectively but was

less effective in reducing liver iron.17 This had been investigated in

Drakonaki et al.48 study on patients suffering from beta‐thalassemia.

They found that liver, spleen, and bone marrow iron content was less

effectively reduced with DFO chelation than combined therapy. In

their group of 21 patients, 38% showed decreased liver iron, 33.3%

showed decreased spleen iron, and 33.3% showed bone marrow iron

reduction.48 DFX demonstrated lower efficacy in lowering serum

ferritin in the case presented by Yii et al.30 It was linked to adverse

hypocalcemia in the case presented by Yusuf et al.23 In the literature,

DFX was associated with worse serum ferritin reduction and more

prevalent adverse events, including a decline in renal tubular

function (i.e., eGFR).49 Cassinerio et al.50 proposed a combination

of DFO and DFX, suggesting that it would improve iron chelation in

resistant cases and reduce the incidence of adverse events. The

study also found that the combination can assist in reducing liver

iron concentration and protecting against iron‐related cardiac

manifestations.

Two articles described PCT in their patients.18,19 Various suscepti-

bility factors render patients prone to PCT, including genetic factors,

environmental and socioeconomic aspects, and relation to some

antiepileptic drugs.18,51 Both cases were managed through phlebotom-

ies, within the standard PCT treatment. The first‐line treatment for PCT

in patients with normal kidney function is phlebotomy with removal of

450mL every couple of weeks and low dose hydroxychloroquine along

with interrupting the triggers and protecting the skin from sunlight until

porphyrin levels return to normal.52,53

Limitations to this review include the scarcity of evidence, as

research papers directed towards iron overload in CKD patients

undergoing PD are rather rare. Thus, heterogeneity in the included

6 of 9 | NASHWAN ET AL.

 23988835, 2024, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hsr2.2255 by Q

atar U
niversity, W

iley O
nline L

ibrary on [24/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



articles in this review was inevitable, and the conclusions made in the

present review require further investigation and reassessment.

Additionally, due to the extreme heterogeneity of the articles, we

transitioned from an initially planned systematic review to a scoping

review. Our focus on English‐language studies, due to resource

constraints, may have limited the inclusion of relevant literature in

other languages. Furthermore, while we applied a standardized data

extraction method to minimize potential bias, some variability may

still be present. Nevertheless, continuous monitoring of serum ferritin

in patients undergoing PD is important to protect them against iron

overload and prevent serious adverse events that could develop

otherwise. An additional limitation of this review is the inclusion of

studies published before 1995. During this period, the treatment

landscape for CKD patients, particularly those undergoing PD,

differed significantly from the current era. The widespread use of

IV iron (dextrans) and blood transfusions was more prevalent before

the introduction and common use of ESAs. Consequently, the

findings from these older studies may not accurately reflect the

current clinical practices and management strategies for iron over-

load in PD patients. To address this limitation, future reviews should

consider excluding studies conducted before the widespread

adoption of ESAs to ensure that the synthesized data accurately

represent contemporary treatment modalities and outcomes.

Overall, the prevalence of iron overload and its consequences

in the present review can contradict the results published by

Rostoker et al.54 in 2019 since most of the included articles did not

rely on a solid background for diagnosing iron overload, in

particular quantitative MRI. Therefore, the conclusions made in

the present review require further investigation and reassessment.

Unlike HD, patients undergoing PD in the ESA era have a lower

need for iron store replenishment; therefore, iron overload is less

common and mostly mild in those patients.54 This can be attributed

to the fact that iron metabolism differs markedly between HD and

PD.1 In fact, those rationalizations are the cornerstone for the

Kidney Disease Improving Global Outcomes (KDIGO) recommen-

dations and the European Renal Best Practice (ERBP) position

statement of more conservative strategies advocated for patients

undergoing PD compared to HD, including serum ferritin target of

>100 µg/L and oral iron instead of IV therapy; however, the latter

route is still reserved as an ESA‐sparing agent for PD patients, who

either poorly tolerate/respond to oral iron or having high iron

requirements.5,54,55

That said, patients undergoing PD nowadays are considered to

have less risk of iron overload together with the current use of ferric

carboxymaltose and iron isomaltoside which have been shown

minimal accumulation in liver and spleen in comparison to iron

sucrose in patients undergoing PD.31 This fact explains the failure to

reach a consensus closure to this review since more than two‐thirds

of patients undergoing PD in the included articles are from middle

and low‐income countries. Consequently, large use of IV iron (mainly

iron sucrose and iron gluconate due to their low prices) as a sparing

agent of costly ESA and still large use of blood transfusions can lead

to an epidemic of iatrogenic iron accumulation in patients undergoing

PD which requires specific treatment to mitigate potentially serious

consequences. In addition, ferric citrate has to be carefully monitored

because it can induce a substantial proportion of patients with iron

overload.5

5 | CONCLUSION

Iron accumulation following PD in CKD patients remains a mild‐

moderate risk that necessitates monitoring and management, even

though its incidence is less common today due to current guidelines

for diagnosing and treating such patients. The estimated prevalence

of iron overload in CKD patients undergoing PD ranges from

approximately 10% to 28.6%; considering the limitations of the

included studies. The use of iron chelators like DFO and DFX helps

prevent iron overload. Future research is needed to refine our

understanding of this condition, enhance management strategies, and

ensure optimal patient outcomes. These efforts will help further

mitigate the risks and improve the clinical care of CKD patients

undergoing PD.
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