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Abstract

Background: Renal disease is associated with ineffective erythropoiesis. In
such patient populations, reports on the extent, complications, and manage-
ment of iatrogenic iron overload (IO), following repeated blood transfusions
and intravenous iron supplementation, are rare. Patients and Methods: Over
the past 5 years, 3572 patients on different modalities of renal therapies, viz.
conservative, maintenance hemodialysis, maintenance peritoneal dialysis, and
kidney transplantation, were screened for IO and its subsequent liver, endo-
crine, and heart complications. Diagnosis of IO was established by high trans-
ferrin saturation %, serum ferritin, bone marrow stores, and CT density. Liver
disease was suspected with abnormal liver tests and abdominopelvic sonogra-
phy. After exclusion of other causes of liver diseases, a liver biopsy was done
to assess for IO-hepatopathy. In those patients, basal and dynamic hormonal
tests as well as echocardiography were used to assess for IO-endocrinopathy
and IO-cardiopathy. Results: A total of 823 (23%) had IO, of whom 23 patients
with severe and long-standing exposure had I0-hepatopathy (6 with severe
hemosiderosis and 17 with cirrhosis). In those patients, 2 had pituitary disease
and 2 had dilated cardiomyopathy. Weekly phlebotomy for 1 month followed
by twice monthly phlebotomy normalized their iron balance by 3 months in
all patients with IO and halted the liver, endocrine, and heart complications,
in the affected ones, by 42 + 11 months of follow-up. Conclusion: 10-
hepatopathy, endocrinopathy, and cardiomyopathy can develop following in-
appropriate and excessive intravenous iron infusions in renal patients on dif-
ferent RRT. Vigilant monitoring of their hematinic therapy is indicated and
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therapeutic phlebotomy is useful in its management.
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1. Introduction

Iron is an essential trace element involved in oxygen transport, mitochondrial en-
ergy production, deoxyribonucleic acid synthesis, and host immune defense [1].
Acute iron intoxication is an extremely rare symptomatic emergency that results
from accidental or iatrogenic overdose in children [2]. On the other hand, chronic
iron overload (I10) is a smoldering disorder with potential for multiple end-stage
organ failures, viz., heart, liver, pancreas, and multiple endocrine glands [3]. IO
has been reported in patients with (a) hereditary hemochromatosis and (b) re-
peated blood transfusions in patients with chronic hemolytic anemias and myel-
odysplastic disorders [4]. In hemochromatosis, excessive oral iron absorption re-
sults from a defective hepcidin-ferroprotein control system due to C282Y and
H63D mutations in the HFE gene [5]. On the other hand, direct heme-iron in re-
peated transfusions, which bypasses the hepcidin-ferroprotein gut-control system,
is the culprit in the second group [5]. Tissue deposition of iron results in reactive
oxygen species with subsequent progressive organ failure [3]. Epidemiological
studies from the United States indicate that 1 in every 200 white (non-Hispanic)
individuals is affected by IO, yet only 14% are carriers of genetic mutations [6].
The latter indicates the extent of the acquired IO phenomenon. In patients with
chronic kidney disease (CKD), the widespread use of erythropoietin has limited
the use of 10 associated with frequent blood transfusions [7]. However, the risk
of IO still remains high with the need to maximize iron dosing with such therapy
to overcome functional iron-deficiency anemia and improve its efficacy [8]. Such
a functional state, in CKD and cancer, has been attributed to an inflammatory-
induced increase in expression of the hepatic protein hepcidin in an interleukin-
6-dependent manner with subsequent decrease in the transmembrane iron-trans-
porting protein (ferroportin) in macrophages of the reticuloendothelial system
(RES) and hepatocytes [9] [10]. Recent reviews estimated the prevalence of I10-
hepatopathy in 10% - 28.6% of patients on maintenance peritoneal dialysis (MPD)
and 75% in those on maintenance hemodialysis (MHD) [11]-[13]. In our study,
we report the hepatic, endocrine, and cardiac complications of such iatrogenic IO
in patients on different renal therapies and provide practical and safe measures

for its management.

2. Patients and Methods

The study was conducted by Prof. Kamel El-Reshaid’s clinic. The clinic was estab-
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lished in 1997 in the center of Kuwait City and has adequate diagnostic and ther-
apeutic facilities to care for out-patients and in-patients with its affiliated hospi-

tals.

2.1. Study Protocol

At the start, all patients with CKD on different RRT who attended or were referred
to the clinic between 1st January 2021 and 31st December 2025 were screened for
IO and its subsequent hepatopathy (liver hemosiderosis and cirrhosis). Diagnosis
of IO was considered if high serum levels of (a) transferrin saturation% (>40%)
and (b) ferritin (>1110 pg/L) were present in patients who had not received intra-
venous iron for >12 weeks [14] [15]. Moreover, it was confirmed by high CT den-

sity (>70 Hounsfield units) and grade 6 bone marrow iron stores [16].

2.2. Assessment for Complications of 10

Diagnosis of liver disease was established by abnormal liver on: (a) serum tests
that showed high transaminases, alkaline phosphatase, and gamma-glutamyl trans-
ferase, and/or (b) abdominopelvic sonography viz. abnormal liver size/shape, en-
larged spleen, and ascites. After exclusion of other liver-disease etiologies (Vida
infer); liver biopsy was done in the selected patients to assess the etiology of their
liver disease, acquired hemosiderosis, and cirrhosis [17]. Endocrine tests included:
(a) pancreas: hemoglobin Alc, C-peptide, insulin, pancreatic elastase, amylase,
and lipase, (b) thyroid viz. TSH with free T3 and T4, (c) early morning serum
cortisol and ACTH for adrenal gland, (d) pituitary: IGF, FSH, LH, ACTH, prolac-
tin, and copeptin, and (d) gonads: sex hormones (testosterone in males, estradiol
and progesterone in females). Dynamic tests included: (a) gonadotropin-releasing
hormone (GnRH), (b) synthetic adrenocorticotrophic hormone 1 - 24 (ACTH)
stimulation tests, and modified glucose tolerance test (MOGTT). Dynamic endo-
crine testing was done by blood sample collected prior to the scheduled dialysis
session, followed by intravenous injection of 100 pg of GnRH and 250 pg of
ACTH. Blood sample collection was done at time 0, 30 minutes, and 60 minutes.
MOGTT was performed 1 week after completion of GnRH and ACTH stimulation
tests. Patients were given 1 g/kg glucose syrup and blood samples were collected
at start, after 1 and 2 hours, for assessment of glucose and insulin. The response
to stimulatory tests was considered adequate if a minimum of: (a) 100% increment
in LH was achieved after 2 hours of GnRH injection, (b) 200% increase in plasma
cortisol levels after 2 hours of ACTH injection, and (c) 100% increase in free in-
sulin after 2 hours of oral glucose ingestion. Moreover, echocardiogram was used

to assess the myocardium.

2.3. Exclusion Criteria

To assess for IO-hepatic disease, patients were excluded if they had clinical evi-
dence, laboratory tests, serological markers, genetic mutations, and radiological

images indicating alcohol abuse, autoimmune diseases, chronic infection, malig-
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nancy, were on immunosuppressive therapy, as well as those with defective eryth-
ropoiesis viz. hemochromatosis, hemoglobinopathies, dysplastic bone marrow
(myelofibrosis, myelodysplasia, multiple myeloma), amyloidosis, malignancy, os-
teitis fibrosa cystica, and aluminum overload (serum level > 60 pg/L) [18]-[20].
Patients with previous non-IO endocrinopathy and heart disease were excluded

from such assessment.

2.4. Treatment Protocol

In patients with IO, oral and intravenous iron were avoided, and periodic phle-
botomy was performed. The latter consisted of the removal of 450 ml of the pa-
tient’s blood per session weekly for 1 month, followed by twice monthly until TS%
& SF levels were normalized. Deficiencies in vitamin B12 and folates were cor-
rected periodically, and subcutaneous erythropoietin (Darbepoetin alpha) was

used to maintain an adequate hemoglobin level (110 - 120 g/L) [21] [22].

2.5. Follow up

Patients were assessed clinically as well as by laboratory testing (complete blood
count, TS%, SF, liver function) every week for 1 month, then every 2 weeks for the
subsequent 2 months. Radiological tests, viz. abdominal ultrasound (to assess for
liver, spleen, and ascites) and CT (to assess for liver CT density), were performed

at the start and after 3 months. Upper GI endoscopy was done when indicated.

2.6. Statistical Analysis

SPSS statistical package version 25 was used for data entry and processing. The p-
value < 0.05 was used as the cut-off level for significance. Since all variables were
normally distributed, they were expressed as mean + SD and compared using Stu-
dent’s t-test. Comparison of changes with time, following therapy, and between
groups was done using the t-test for two dependent means and for two independ-

ent ones.

3. Results

A total of 3572 CKD patients on RRT (CKT: 3281, MHD: 194, MPD: 28, and KTx:
69) were screened during the past 5 years. As seen in Table 1, IO was detected in
823 (23%) of the total patients; of whom 745 (23%) were on CKT, 40 (20%) on
MHD, 12 (43%) on MPD, and 26 (38%) with KTx (Table 1). Among these IO
patients, 23 (3%) fulfilled the strict criteria for inclusion of IO-liver disease with
(a) high TS, SF, and bone marrow iron stores, (b) high liver CT density, abnormal
liver function/abdominopelvic sonography, and (c) lack of exclusion diseases,

which was further confirmed by liver biopsy.

3.1. Liver Biopsy

In the 23 patients with IO and liver disease, liver biopsy showed diffuse: (a) iron

deposition in the sinusoidal Kupffer cells (severe hemosiderosis) in 6 patients
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(Figure 1), and (b) iron-loaded hepatocytes with a variable degree of cirrhosis in

the other 17 patients (Figure 2).

(a) normal histology on H&E stain (b) diffuse amorphous iron-containing clumps of he-
mosiderin (blue deposits) in sinusoidal Kupffer cells (arrow) on Perls’ Prussian blue stain.

Figure 1. Liver biopsy micrographs of patients with renal iron overload.

;— \-J’M\\'&.'-‘ ~;g" S ‘ = >
(a) bridging fibrosis (Arrow) on H&E stain (b) diffuse and mixed (sinusoidal Kupffer cells
and hepatocytes) amorphous iron-containing clumps of hemosiderin (blue deposits) (Ar-
row) on Perls’ Prussian blue stain.

Figure 2. Liver biopsy micrographs of patients with iron overload in renal disease.

3.2. Comparison of I0-Groups

Those patients were classified into three groups, viz. without hepatic disease, with
acquired hemosiderosis, and with cirrhosis. The demographic data of the three pa-
tient groups were compared with regard to duration of renal disease, duration of IO
treatment, clinical cirrhosis, and response to therapy (Table 1). Significantly longer
duration of RRT as well as higher serum TS%, ferritin, and CT-density were ob-
served in those with cirrhosis compared to those with acquired hemosiderosis, fol-
lowed by those without liver disease. The latter two groups had a higher female pre-
dominance compared to those with cirrhosis. Overt cirrhotic disease, viz. clinical,
laboratory indices, and/or radiological, was evident in 12 of the 17 cirrhotic patients
and in none of the other two groups. As seen in Table 2, patients with biopsy-
proven liver disease: (a) higher serum TS%, ferritin, and CT-density were most evi-
dent in patients on MPD, and (b) higher response to therapy (holding iron supple-

mentation and phlebotomy) was more effective in patients on MHD.
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3.3. Testing for Endocrinopathy

Endocrine testing showed normal sex hormones in male patients, indicating an in-
tact pituitary-gonadal axis. In female patients, 2 KTx patients were < 40 and had
adequate sex hormones and an intact GnRH stimulation test. On the other hand,
low levels of sex hormones with high gonadotrophins indicated primary gonadal
failure, except for 2 MPD patients with low gonadotrophins, indicating a diseased
anterior lobe of the anterior pituitary gland that failed to increase following GnRH
stimulation tests. Moreover, they had low IGF and inappropriately low TSH in the
face of low free T4, indicating pituitary disease. Copeptin levels were normal in all
patients, indicating an intact posterior lobe of the pituitary gland. The ACTH stim-
ulation test produced an adequate increment in plasma cortisol, indicating intact
adrenal function. For assessment of endocrine function, 6 patients with long-stand-
ing diabetes mellitus were excluded from assessment of beta-cell function yet had
pancreatic elastase, amylase, and lipase, indicating intact stromal exocrine function.

The remaining patients had normal endocrine and exocrine function on testing.

3.4. Cardiac Assessment

Seven patients had a history of ischemic heart disease, and localized wall motion
abnormalities were excluded from the study, as well as 2 patients with aortic ste-
nosis. In the remaining patients, 2 patients on MPD showed features of dilated
cardiomyopathy that were slowly progressive on follow-up and without history or

laboratory indicators of viral myocarditis.

3.5. Treatment Outcome

Treatment was tolerated in all patients. It led to significant and rapid laboratory
improvement in all parameters (TS%, SF, BM iron stores, and CT density) within
3 months (Table 1 and Table 2, Figure 3). Moreover, over a period of 42 + 11
months, no new cases of hepatic, endocrine, or cardiac disease had evolved. None
of the patients with (a) hemosiderosis had developed clinical, laboratory, or radi-
ological evidence of cirrhosis, (b) overt and non-overt cirrhotic disease had man-
ifested disease progression, and (c) endocrine or cardiac disease had manifested

disease progression.

Table 1. Demographic characteristics and response to phlebotomy in iron-overloaded renal patients on different RRT.

Response to phlebotomy

Duration Transferrin Bone marro
Patient’s Gender Age Serum ferritin . . v CT density
. Type of RRT of RRT saturation% iron
groups (F/M) (years)
(months) 3 3 3 12
Start Start Start Start
months months months months months
739/745CKT,
10—yt 30//40MHD
without liver 461/339 49 +9 9/12MPD T 76+£19* 1431 +86 412+54 42+8 24+5 6 3.1+£02 73+£7% 69+6* 52+4*
disease ’
22/26KTx
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Continued
3/6CKT,
II- With 2/10MHD,
. . 5/1 84 +18*% 1773 +47 495+80 47+1 25+3 6 36x05 82+4 715 635
hemosiderosis 0/3MPD,
1/4KTx
3/6CKT,
III- With 8/10MHD,
. i 7/10 56 + 11 99 + 15% 2090 £ 29570 £ 139 55+ 3% 26%2 6 38%+0.7 84+5 73+5 655
cirrhosis 3/3MPD,
3/4KTx
Statistical
i NS p<0.05 p<0.01 NS p<0.001 NS NS NS <0.01 <0.05 <0.05
difference

Abbreviations: RRT; renal replacement therapy, RD; renal disease, F; female, M; male, SF, CT; computed tomography; RRT: renal

replacement therapy, CKT: conservative kidney therapy, MHD: maintenance haemodialysis, MPD: maintenance peritoneal dialysis,

KTx: kidney transplantation. Data expressed as mean + standard deviation with NS; not significant, (*) significant difference.

Table 2. Demographic characteristics and response to phlebotomy in iron overload patients with hepatic disease on different renal

replacement therapies (RRT).

Response to phlebotomy
L Duration
Patient’s Gender Age . : . . .
" of RD Serum ferritin Transferrin saturation% Bone marrow iron CT density
RRT (F/IM) (years)
(months)
Start 3 months  Start 3 months Start 3 months Start 3 months12 months
I-CKT 3/3 53+8 89+17* 1948+187 496+80 54+2 24+3 6 37+08 831 74%3 65+4
II-MHD 4/6 55+6 99+16 1907+24 585+132 55+2 262 6 4+0.7 83+3 69+4* 59+6*
III- MPD  2/1 74+2* 8219 2143 +£389* 557 +97 61 +6* 262 6 3605 907 75%3 62+2
IV-KTx 3/1 44%7 100+14 1945+182 590+ 177 54*6 26+3 6 35+06 85+5 717 65+5
Statistical <005 NS <001 NS <0.001 NS NS NS <005 p<0.05  <0.05
difference Pt Pt Pt peEs Pl '

Abbreviations: RD; renal disease, F; female, M; male, SF, CT; computerized tomography, Rx: phlebotomy treatment, RRT: renal

replacement therapy, CKT; conservative kidney therapy, MHD; maintenance haemodialysis, MPD; maintenance peritoneal dialysis,

KTx; kidney transplantation. Data expressed as mean * standard deviation with NS: statistically not significant, (*) significant.

Figure 3. CT scan of the liver in a renal patient with iron overload, showing a decrease in
hepatic CT density from 86 HU at the start (A) to 75 HU after repeated phlebotomy (B).

4. Discussion

In our study, we have shown that IO is prevalent (23%) in patients on different

modalities of RRT. Moreover, screening our patients for 5 years disclosed that
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biopsy-proven I0-hepatopathy (liver hemosiderosis and even cirrhosis) was
prevalent among 3% of patients who lacked hemochromatosis genes. In our pa-
tients, IO may have been associated with previous blood transfusions, yet the
study was conducted after the availability of erythropoietin, which incriminates
more the ill-advised intravenous iron supplementation [23]. The latter may have
been due to (a) avoidance of early erythropoietin therapy for financial reasons,
(b) attempts to “boost” erythropoietin effect and hence limit its use and cost by
keeping higher levels of iron stores, and (c) inadequate screening and treatment
of other hematinics (vitamin B12 and folates) [20]. Unfortunately, such practice
is hazardous without adequate and periodic monitoring of blood hemoglobin
level, serum TS% and ferritin, at least on a monthly basis, and vitamin B12 and
folates every 3 months [21]. In our study, we aimed at hemoglobin levels > 100
g/L to improve oxygen-carrying capacity and < 120 g/L to avoid ischemic com-
plications in this patient population [22] [24]. Moreover, in our methodology,
we screened for IO by using both TS% and SF since the latter is elevated in in-
flammation, alcohol consumption, and liver disease [25]. Furthermore, confir-
mation was done by measurement of bone marrow iron stores and CT-density.
In screening for liver disease, transaminases were done to reflect on hepatocyte
injury, and we used both GGT and alkaline phosphatase to reflect on I0-infil-
trative disease. Alkaline phosphatase is not liver-specific and can be elevated in
bone diseases [26]. Moreover, for definitive I0-hepatopathy, liver biopsy was
essential [17]. In our study, we confirmed the risk of hepatic, endocrine, and cardiac
disease associated with long-standing and severe 1O [11]-[13] [21]. Moreover,
we showed that I0-hepatopathy is the most common complication of IO and
may precede the development of endocrine and cardiac I0-disease, since the
latter complications were limited only to those with heavy IO-hepatopathy. With
regards to therapy of IO in our patient population, we used a modified protocol
of IO-chelation with periodic phlebotomy, similar to that in hemochromatosis
patients [27]. We avoided chelating agents that bind to serum iron and enhance
its excretion in urine and stool, viz. deferoxamine and oral agents (deferasirox
and deferiprone), as well as gut-related polymeric chelators, for their renal mode of
action, slow action, side effects, and cost [4]. We applied (avoidance of iron sup-
plementation and periodic phlebotomy) yet added (a) anemia correction by
erythropoietin and (b) correction of other common hematinics (vitamin B12
and folate). We showed that such therapy, if started early, can reverse IO and
halt the progression of liver disease. The latter was more effective in those on

MHD with more blood loss during hemodialysis sessions.

5. Conclusion

IO-hepatopathy, endocrinopathy, and cardiomyopathy can develop following in-
appropriate and excessive intravenous iron infusions in renal patients on different
RRT. Vigilant monitoring of their hematinic therapy is indicated, and therapeutic

phlebotomy is useful in its management.

DOI: 10.4236/0jneph.2026.163030

341 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2026.163030

K. EI-Reshaid et al.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

(1]

(2]

(3]

(4]
(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

Tian, Y., Tian, Y., Yuan, Z., Zeng, Y., Wang, S., Fan, X., et al (2022) Iron Metabolism
in Aging and Age-Related Diseases. International Journal of Molecular Sciences, 23,
Article 3612. https://doi.org/10.3390/ijms23073612

Madiwale, T. and Liebelt, E. (2006) Iron: Not a Benign Therapeutic Drug. Current
Opinion in Pedjatrics, 18, 174-179.
https://doi.org/10.1097/01.m0op.0000193275.62366.98

Powell, L.W., Nathan Subramaniam, V. and Yapp, T.R. (2000) Haemochromatosis in
the New Millenium. Journal of Hepatology, 32, 48-62.
https://doi.org/10.1016/s0168-8278(00)80415-8

Baddam, S. and Chen, R.J. (2025) Iron Overload and Toxicity. StatPearls.

Canavesi, E., Alfieri, C., Pelusi, S. and Valenti, L. (2012) Hepcidin and HFE Protein:
Iron Metabolism as a Target for the Anemia of Chronic Kidney Disease. World Jour-
nal of Nephrology, 1, 166. https://doi.org/10.5527/wjn.v1.i6.166

Richardson, K.J., McNamee, A.P. and Simmonds, M.]. (2018) Haemochromatosis:
Pathophysiology and the Red Blood Celll. Clinical Hemorheology and Microcircula-
tion, 69, 295-304. https://doi.org/10.3233/ch-189128

Eschbach, J.W., Egrie, J.C., Downing, M.R., Browne, ].K. and Adamson, J.W. (1987)
Correction of the Anemia of End-Stage Renal Disease with Recombinant Human
Erythropoietin. Results of a Combined Phase I and II Clinical Trial. New England
Journal of Medicine, 316, 73-78. https://doi.org/10.1056/nejm198701083160203
Kuji, T., Toya, Y., Fujikawa, T., Kakimoto-Shino, M., Nishihara, M., et al. (2015) Ac-
celeration of Iron Utilization after Intravenous Iron Administration during Activated

Erythropoiesis in Hemodialysis Patients: A Randomized Study. Therapeutic Aphere-
sis Dialysis, 19, 131-137. https://doi.org/10.1111/1744-9987.12237

Nemeth, E., Rivera, S., Gabayan, V., Keller, C., Taudorf, S., Pedersen, B.K., et al
(2004) IL-6 Mediates Hypoferremia of Inflammation by Inducing the Synthesis of the
Iron Regulatory Hormone Hepcidin. Journal of Clinical Investigation, 113, 1271-
1276. https://doi.org/10.1172/jci200420945

Nemeth, E., Tuttle, M.S., Powelson, J., Vaughn, M.B., Donovan, A., Ward, D.M., et
al. (2004) Hepcidin Regulates Cellular Iron Efflux by Binding to Ferroportin and In-
ducing Its Internalization. Science, 306, 2090-2093.
https://doi.org/10.1126/science.1104742

Nashwan, A.J., Abuawwad, M.T., Jaradat, J.H., Ibraheem, A., Yassin, M.A. and Taha,
M.].J. (2024) Prevalence of Iron Overload in Patients with Chronic Kidney Disease
on Peritoneal Dialysis: A Scoping Review. Health Science Reports, 7, €2255.
https://doi.org/10.1002/hsr2.2255

Nashwan, A.J., Yassin, M.A., Abd-Alrazaq, A., Shuweihdi, F., Othman, M., Abdul
Rahim, H.F,, et al (2022) Hepatic and Cardiac Iron Overload Quantified by Magnetic
Resonance Imaging in Patients on Hemodialysis: A Systematic Review and Meta-
Analysis. Hemodialysis International, 27, 3-11. https://doi.org/10.1111/hdi.13054

Holman, R., Olynyk, J.K., Kulkarni, H. and Ferrari, P. (2017) Characterization of He-
patic and Cardiac Iron Deposition during Standard Treatment of Anaemia in Hae-
modialysis. Nephrology, 22, 114-117. https://doi.org/10.1111/nep.12735

DOI: 10.4236/0jneph.2026.163030

342 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2026.163030
https://doi.org/10.3390/ijms23073612
https://doi.org/10.1097/01.mop.0000193275.62366.98
https://doi.org/10.1016/s0168-8278(00)80415-8
https://doi.org/10.5527/wjn.v1.i6.166
https://doi.org/10.3233/ch-189128
https://doi.org/10.1056/nejm198701083160203
https://doi.org/10.1111/1744-9987.12237
https://doi.org/10.1172/jci200420945
https://doi.org/10.1126/science.1104742
https://doi.org/10.1002/hsr2.2255
https://doi.org/10.1111/hdi.13054
https://doi.org/10.1111/nep.12735

K. EI-Reshaid et al.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

Roa, K.V. and Anderson, R. (1985) Hemosiderosis and Hemochromatosis in Renal
Transplant Recipients. Clinical and Pathological Features, Diagnostic Correlation,
Predisposing Factors and Treatment. American Journal of Nephrology, 5, 419-430.
Blunden, R-W., Lloyd, J.V., Rudzki, Z. and Kimber, R.J. (1981) Changes in Serum
Ferritin Levels after Intravenous Iron. Annals of Clinical Biochemistry: International
Journal of Laboratory Medicine, 18, 215-217.
https://doi.org/10.1177/000456328101800405

Cecchin, E., De Marchi, S., Querin, F., Marin, M.G., Fiorentino, R. and Tesio, F. (1990)
Efficacy of Hepatic Computed Tomography to Detect Iron Overload in Chronic He-
modialysis. Kidney International, 37, 943-950.

https://doi.org/10.1038/ki.1990.69

Salomao, M.A. (2021) Pathology of Hepatic Iron Overload. Clinical Liver Disease, 17,
232-237. https://doi.org/10.1002/cld.1051

Pietrangelo, A. (2010) Hereditary Hemochromatosis: Pathogenesis, Diagnosis, and
Treatment. Gastroenterology, 139, 393-408.e2.
https://doi.org/10.1053/j.gastro.2010.06.013

Suprapti, E., Hadju, V., Ibrahim, E., Indriasari, R., Erika, K.A. and Balgis, B. (2025)
Anemia: Etiology, Pathophysiology, Impact, and Prevention: A Review. [ranian Jour-
nal of Public Health, 54, 509-520. https://doi.org/10.18502/ijph.v54i3.18244
Hashmi, M.F., Shaikh, H. and Rout, P. (2024) Anemia of Chronic Kidney Disease.
StatPearls.

El-Reshaid, K., Johny, K.V., Hakim, A., Kamel, H., Sebeta, A., Hourani, H., et al
(2009) Erythropoietin Treatment in Haemodialysis Patients with Iron Overload. Acta
Haematologica, 91, 130-135. https://doi.org/10.1159/000204318

Besarab, A., Bolton, W.K., Browne, ].K., Egrie, ].C., Nissenson, A.R., Okamoto, D.M.,
et al. (1998) The Effects of Normal as Compared with Low Hematocrit Values in Pa-
tients with Cardiac Disease Who Are Receiving Hemodialysis and Epoetin. New Eng-
land Journal of Medicine, 339, 584-590.
https://doi.org/10.1056/nejm199808273390903

Coyne, D.W., Kapoian, T., Suki, W., Singh, A.K., Moran, J.E., Dahl, N.V., et al (2007)
Ferric Gluconate Is Highly Efficacious in Anemic Hemodialysis Patients with High

Serum Ferritin and Low Transferrin Saturation: Results of the Dialysis Patients’ Re-
sponse to IV Iron with Elevated Ferritin (DRIVE) Study. Journal of the American
Society of Nephrology, 18, 975-984. https://doi.org/10.1681/asn.2006091034

Palmer, S.C., Navaneethan, S.D., Craig, J.C., Johnson, D.W., Tonelli, M., Garg, A.X,,
et al. (2010) Meta-Analysis: Erythropoiesis-Stimulating Agents in Patients with
Chronic Kidney Disease. Annals of Internal Medicine, 153, 23-33.

https://doi.org/10.7326/0003-4819-153-1-201007060-00252

Kotla, N.K., Dutta, P., Parimi, S. and Das, N.K. (2022) The Role of Ferritin in Health
and Disease: Recent Advances and Understandings. Metabolites, 12, Article 609.
https://doi.org/10.3390/metabo12070609

Lowe, D., Sanvictores, T., Zubair, M. and John, S. (2026) Serum Alkaline Phospha-
tase: Clinical and Laboratory Perspectives. StatPearls.

Olynyk, J.K. and Ramm, G.A. (2022) Hemochromatosis. New England Journal of
Medicine, 387, 2159-2170. https://doi.org/10.1056/nejmra2119758

DOI: 10.4236/0jneph.2026.163030

343 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2026.163030
https://doi.org/10.1177/000456328101800405
https://doi.org/10.1038/ki.1990.69
https://doi.org/10.1002/cld.1051
https://doi.org/10.1053/j.gastro.2010.06.013
https://doi.org/10.18502/ijph.v54i3.18244
https://doi.org/10.1159/000204318
https://doi.org/10.1056/nejm199808273390903
https://doi.org/10.1681/asn.2006091034
https://doi.org/10.7326/0003-4819-153-1-201007060-00252
https://doi.org/10.3390/metabo12070609
https://doi.org/10.1056/nejmra2119758

	Diagnosis and Management of Hepatic, Endocrine, and Cardiac Complications of Iatrogenic Iron Overload in Renal Patients
	Abstract
	Keywords
	1. Introduction
	2. Patients and Methods
	2.1. Study Protocol
	2.2. Assessment for Complications of IO
	2.3. Exclusion Criteria
	2.4. Treatment Protocol
	2.5. Follow up
	2.6. Statistical Analysis

	3. Results
	3.1. Liver Biopsy
	3.2. Comparison of IO-Groups
	3.3. Testing for Endocrinopathy
	3.4. Cardiac Assessment
	3.5. Treatment Outcome

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

